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RStudio: itV 7 bRZ(E D FZHDHMEIRE

File Edit Code View Project Workspace Plots Tools Help
el-2- B3 8 &) project: (None) ~

(7 diamondPricing.R* » | @] formatPlotR x |diamonds % =[] Workspace History =0
[]SourceonSave Q@ /'~ = %% | #Source v i | <Ploadv [ Saver | #ImportDataset~ 3 Clear Al @

Tibrary(ggplot2) Data

source(“plats /formare lor. k") diamonds 53940 obs. of 10 variables 5|

view(diamonds) Values
summary (diamonds) avesize 0.7979

summary (diamonds Sprice) clarity character [8]
avesize <- round(mean(diamonds$carat), 4) P ggplot[8]
clarity <- Tevels(diamondsS$clarity) —
Functions

p <- gplot(carat, price, format.plot(plot, size)

data=diamonds, color=clarity,

xlab="carat"”, ylab="pPrice”,

main="Diamond Pricing")

[
NHEFOWL®~NGOWHEWN

[
B w

Files Plots Packages Help
& 5 Zoom | E Export~ @] | 3 Clear Al

[
v

i Diamond Pricing

15:1 (Top Level) + R Script +

Console ~/ = R
X y z ‘E] 3 ¢ Clarity

Min. : 0.000 Min. : 0.000 Min. : 0.000 5 - s L MR ES 1
1st Qu.: 4.710 1st Qu.: 4.720 1st Qu.: 2.910 ; 5

Median : 5.700 Median : 5.710 Median : 3.530

Mean : 5.731 Mean : 5.735 Mean : 3.539

3rd Qu.: 6.540 3rd Qu.: 6.540 3rd Qu.: 4.040

Max. :10.740  Max. :58.900 Max. :31.800
> summary(diamonds$price)

Min. 1st Qu. Median Mean 3rd Qu. Max.

326 950 2401 3933 5324 18820
avesize <- round(mean(diamonds$carat), 4)
clarity <- levels(diamonds$clarity)
p <- gplot(carat, price,
data=diamonds, color=clarity,
xlab="carat", ylab="Price",
main="Diamond Pricing")

format.plot(p, size=24)

VVVY+++VVY
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https://rstudio.cloud/

RStudioZ=
7‘5 'j'US—_C"fE}EH_C‘gé GStudio Cloud

Welcome to RStudio Cloud ™

Do, share, teach and learn data science with R.

Get Started

If you already have an RStudio shinyapps.io account, you can log in using your existing credentials.

THE MISSION

We created RStudio Cloud to make it easy for professionals,

hobbyists, trainers, teachers and students to do, share, teach
and learn data science using R.

To learn more about RStudio’s other products, visit rstudio.com u

INSTANT ANALYSIS

Create your analyses using RStudio directly



(%) RStudioDEA (BN TL\DAMET)

A Ea1—5—0D{EICENTULWDAIZ. VI NIz 7ZAFDO>O0—RUT
BoD/)\VANCAAR=ILTDBCENTEFET,

OCRANMSRZSI>O—-RU. A1>AB=J)LUET

e RStudioZ > 2 ~—JL g BHI(C.
REA>ZN—JLLET

should check with your Linux package management system in addition to the

most likely want to download the precompil
be compiled before you can use them. If you do not

ot n the wpges bor, o the
. 08 eoheby o ok

~~~_ BDDOSI[CHETS
e — ROV I RO T 7= 0—RU.
— A>AKR=)LTB

 install the software, or what the license terms are, please
d an email

What are R and CRAN?
Ris ‘GNU S frely avaiabe angusge and environment fo tatisticalcomputing and graphics whichprovidesa wide variety ofsatistcal and graphical

techniques: linear and nonlinear modelling, statistical tests, time R project homepage for
further information.

@www.rstudio.orgb\BRstudio’a‘:é‘"'j >O—RU. 12>AM=ILUZET,

https://www.rstudio.com/products/rstudio/download/

Choose Your Version A @suaer (E)J@) RStUdIOO)’I’ \/X I\_} I/Eiﬁ
RStudio is a set of integrated tools designed to help you be more AN

https://www.youtube.com/watch?v=6b8pFctsBog

productive with R. It includes a console, syntax-highlighting editor that
supports direct code execution, and a variety of robust tools for plotting,
viewing history, debugging and managing your workspace.

LEARN MORE ABOUT RSTUDIO FEATURES

RStudio Desktop RStudio Desktop RStudio Server RStudio Server Pro

Free $995 jear Free $4,975 jyear
(5 Named Users)

s o [ _ )
RStudio Desktop FreeiRzz4 o> 0O— KU,

T LA RO20, 5 3 /
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L @® Rstudio Cloud x

= C )} & RESNhEE | https://rstudio.cloud/projects

QStudio Cloud © Your Workspace m teen () TTMT HRFM
Spaces
Your Projects > i X
+ New Space NP O Search Projects
Q
Info
Sort Projects
® Learn )
© Byname

Fe ck an ion:
) Feedback and Questions By date created

https://rstudio.cloud/project/36557
EFIEAD

® RStudio Cloud >

< C Y & E#EhioE&f | https:/rstudio.cloud/pro

eStudio Cloud © Your Workspace /_project01 TTMT HRFM
Spaces
=+ New Space

Loading Project
Info

® Learn

[ Feadhack and Ouactinne

Loading Project &EFRRENDDT
UIES<FD(2-35)

(c) ILARTE L 2020 7



@ Rstudio Cloud

JO>x o hodE-2

X

C () & BE=nhicoEE | https://rstudio.clou

Save a Permanent Copyz2o'Jw 2

TOFFREE—B IO TURT

eStudio Cloud (<] Your Workspace / project01 Save a PermanentCopy A3 TTMT HRFM
A\ S|/ — ——
- File Edit Code View Plots Session Build Debug Profile Tools Help D /- 7 J 71 ' I\ g 5 t) Z Z ' i j
O~ Go to file/function 5 - ~ Addins ~ R3.44 ~
Your Workspace
Console ~ Terminal & History G Git =g
+ New Space /cloud/project/ # [ | 57 Import Dataset » | & List » -
7k Global Environment ~
R version 3.4.4 (2018-03-15) -- "Someone to Lean On"
nf Copyright (C) 2018 The R Foundation for Statistical Computing
nfo . : .
Platform: x86_64-pc-linux-gnu (64-bit) Environment is empty
© Learn R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
() Feedback and Questions Type 'license()' or 'licence()' for distribution details. Files Plots Packages Help Viewer =0
. . . . . © | New Folder | © | Upload  © Delete =) Rename = {3 More ~
|:| Terms and Conditions R is a collaborative project with many contributors. X
Type 'contributors()' for more information and / > cloud > project
‘citation()' on how to cite R or R packages in publications. 4 Name Size Modified
T .
Type 'demo()' for some demos, ‘help()' for on-line help, or &
h gits 408 May 13, 2018, 10:00
"help.start()' for an HTML browser interface to help. gltignore d !
Type ')’ to quit R. “ .Rhistory 0B May 16, 2018, 4:12 P}
i% file01.nb.html 810 KB May 16, 2018, 4:07 P
e ] filed1.Rmd 2.6 KB May 16, 2018, 4:07 P} M Ky
N 57 \
® project.Rproj 2058 May 16, 2018, 4:12 P} 1 d\ J —

Loading Project&EFRREND

«>C10

L @ RStudio Cloud

fileO1.Rmd=Z= 2o Jw o

x

A REENoE(E | https://rstudio.cloud/proje

LIE5<1 ( g
5 <EFD(2-39) .
GStudlo Cloud (] Your Workspace / project01 TTMT HRFM
S File Edit Code View Plots Session Build Debug Profile Tools Help
O -l Go to file/function §- ~ Addins R3.4.4 ~
1 | os: rtuc =2 YourWorkspace
@studioClovd  ©  vourw o Console ~ Terminal =) History G i Git ==
+ New Space /cloud/project/ 2 |4 | 7 infbort Dataset ~ | & List ~ -
& Globl Enviffnment -
R version 3.4.4 (2018-03-15) -- "Someone to Lean On"
TR Copyright (C) 2018 The R Foundation for Statistical Computing
o Info Platform: x86_64-pc-linux-gnu (64-bit) Environment is empty
©un
L en——. ® Lear R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions. Files  Plot: Packages Help Viewer =0
B Feedback and Questions Type 'license()' or 'licence()' for distribution details. © NewrFoldfr | © Upload © Delete =+ Rename = {J More -
|:| Terms and Conditions R is a collaborative project with many contributors. / project R
Type 'contributors()' for more information and Size Modified
‘citation()" on how to cite R or R packages in publications. T .
. ®] .git 408 May 13, 2018, 10:00
Type 'demo()' for some demos, 'help()' for on-line help, or ol »wgnore ad !
‘help.start()' for an HTML browser interface to help. ‘Rhistory 0B May 16, 2018, 4:26 P}
Type 'q()" to quit R. % file01.nb.htm! 810 KB May 16, 2018, 4:07 P}
] file0l.Rmd 2.6 KB May 16, 2018, 4:07 P
(C) \l KTﬁ Q 2020 R project.Rproj 2058 y 16, 2018, 4:26 P}
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®®® @ rstudioCloud X

C () & BEEhioEE | bttps://rstudio.cloud/project/36893

Your Workspace / project0l ol TTMT HRFM

File Edit Code View Plots Session Build Debug Profile Tools Help

O -~ HI Go to file/function 5 - ~ Addins ~ R3.4.4 ~
@ file01.Rmdx =] Environment History Connections  Git = ]
v K iF Preview ~ - n - SRun~ G~ 2 H # Import Dataset ~ = & List ~ -
1v -- 7} Global Environment ~
2 le: "R Notebook"
frommmes 20UT NI w A LDHE
4 y == Environment is empty
5

RO h%ﬁf% EITIEERDER
H 2T NEEFTS ™

11
12 RTRTF—F97V—ATT—9Ev b E2RRTS
13
14~ " {r}
15 #7—92RFRTHI(T—97V—ALABETBADL)
i? mtcars Files Plots Packages Help Viewer =[]
TR © | New Folder | © | Upload =@ Delete =) Rename {}More -
/ ~ cloud - project R
mpg ¢yl disp hp drat wt qsec vs am A Name Size Modified
<dbl> <dbl> < > dbl> <dbl> <dbl> <dbl> <dbl> <dbl>
T.
Mazda RX4 21.0 6 160.0 110 3.90 2.620 16.46 0 1 .
© .gitignore 408 May 13, 2018, 10:00 AM
Mazda RX4 Wag 21.0 6 160.0 110 3.90 2.875 17.02 0 1 - N 08 6.2018. 4:31 P
Datsun 710 228 4 1080 93 385 2320 1861 1 1 -Rhistory May 16, 2018, 4:31 PM
6:18  (Top Level) + R Markdown * {2 fileO1.nb.html 810 KB May 16, 2018, 4:07 PM
Console  Terminal - @] file01.Rmd 2.6 KB May 16, 2018, 4:07 PM
Jcloud/project/ ®! project.Rproj 2058 May 16, 2018, 4:31 PM

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. :I \/ \J —) I/ %'fj'jm I 0 I\EFIOD

Type 'demo()' for some demos, 'help()' for on-line help, or

'help:star'“t()‘ ﬂ?r an HTML browser interface to help. 10 IJ j I\ (: Eaﬁi'@?(: j 7 /r) I/

Type 'g()' to quit R.

— EiZ(CRZFITID

mpg cyl disp hp drat wt qsec vs am gear carb
Mazda RX4 21.0 6 160.0 110 3.90 2.620 16.46 © 1 4 4
Mazda RX4 Wag 21.0 6 160.0 110 3.90 2.875 17.02 © 1 4 4
Datsun 710 22.8 4108.0 933.852.32018.61 1 1 4 1
Hornet 4 Drive 21.4 6258.0 110 3.08 3.21519.44 1 © 3 1
Hornet Sportabout 18.7 8 360.0 175 3.15 3.440 17.02 @ © 3 2
Valiant 18.1 6 225.0 105 2.76 3.460 20.22 1 © 3 1
Duster 360 14.3 8 360.0 245 3.213.570 15.84 0 @ 3 4 L
Merc 240D 24.4 4146.7 623.693.19020.00 1 0 4 2 (C) ILANTE T 2020
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@® RStudio Cloud X

C )} & B#ZhiEE | https://rstudio.cloud/project/36893

= Your Workspace / project01 o TTMT HRFM

File Edit Code View Plots Session Build Debug Profile Tools Help

© -2 H B Go to file/function 5~ ~ Addins ~ R3.4.4 ~

@] fileO1.Rmd* = Environment  History Connections  Git -]
A QR Preview ~ - @ nsert ~ +Run~ G~ # [ | 7 Import Dataset ~ | § List ~ .
r

8~ ### Exercise 1 T—S DMWY LB E 7} Global Environment ~

9

10 F—9I7V—LDORFR

11 Environment is empty

12 RTCRTF—FIV—ALTT—92v b 2RATH

13

14~ " {r} zZ

15 #¥7—9E2RRTH(T—97V—ARENBRAD)

16 mtcars

17

18

19

20

21 FT—ODANT(REIERRT D

22~ " {r} =

23 7 mtcars Files Plots Packages Help Viewer -

24 " © ) New Folder | @ | Upload | © Delete =] Rename | {3 More ~

25

j R
26 V| [/ ~ cloud - project Copy...
27 A Name
Copy To...
e i = £ Move
gg :7——90)ﬁ&tﬂ&éiﬁ<'§‘6 7 ] gitignore .00 AM
im(mtcars

Eo e g % Rhistory [ 31 PM
171 @ Chunk1 * R Markdown 2 7 i& file01.nb.html Set As Working Directory D7 PM
Console Terminal -] v @] file01.Rmd Go To Working Directory )7 PM
/cloud/project/ v 'Rl project.Rproj 2058B May 16, 2018, 4:31 PM

CLLULLUIIL) UM FIUW LU LLLE MU R PULKUYES LI PUULLLULLUNS,

Type 'demo()' for some demos, 'help()' for on-line help, or

'help.start()' for an HTML browser interface to help. E L/:B Eﬁ@} ()\J :I \/(:

Type 'q()' to quit R.

+ mecars - > XA =)L UTZRStudioT

mpg cyl disp hp drat  wt gsec vs am gear carb Z 0 | f l\ '%'/_ - < N - =
Mazda RX4 21.0 6 160.0 110 3.90 2.620 16.46 0 1 4 4 J % 17 LJj:_' Td\j 7:-1:)\
Mazda RX4 Wag 21.0 6 160.0 110 3.90 2.875 17.902 0 1 4 4 -7 /r \E}R g‘
Datsun 710 22.8 4 108.0 93 3.852.320 18.61 1 1 4 1 j J )l/%b L/\ EXport 5 t\
Hornet 4 Drive 21.4 6 258.0 110 3.08 3.21519.44 1 © 3 1 7 j 9“ ~ » %
Hornet Sportabout 18.7 8 360.0 175 3.15 3.440 17.02 0 © 3 2 0 IJ I\j 7 /‘/) I/% Ij /D - '\H:II 5
Valiant 18.1 6 225.0 105 2.76 3.460 20.22 1 © 3 1
Duster 360 14.3 8 360.0 245 3.21 3.570 15.84 © 3 4
Merc 240D 24.4 4 146.7 62 3.69 3.190 20.00 1 © 4 2
Merc 230 22.8 4 140.8 95 3.92 3.150 22.99 1 © 4 2 -t
\
Merc 280 19.2 6 167.6 123 3.92 3.440 18.30 1 © 4 4 (C) _L$T§X 2020
Merc 780C 17.8 6 167.6 173 3.97 3.440 18292 1 0 4 4
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Exercise 2 T —/~ Dt
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Exercise 3 HEMEDZEDIRTE (HHRTE)

Welch Two Sample t-test

data: mtcars[mtcarsSam == @, "mpg"] and mtcars[mtcars$am == 1, "mpg"]
t = -3.7671, df = 18.332, p-value = 0.091374
alternative hypothesis: true difference in means 1s not equal to ©
95 percent confidence interval:
-11.280194 -3.209684
sample estimates:
mean of X mean of y
17.14737 24.39231

TR
MEDEICITEBRE T DD, FBIRHDHEZZREL TLVRL (2

ERDIHZEE)
TIHREDREIRIBTOT—FDDAESE. EHEEDOZETHIRTH RS
_EBEHD
LU, A—T2UIRIET GREIUTULWRWNRIET) OF—4ATlE, 580)
Il:“%“/Z(:uB@m(% 3EDEENHDIND)

3O ELZFARR I D EHCIE. ELREDHETONENDD

(c) ILARTE L 2020 15
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Table 1. Summary of data analytic technique usage
Data analytic technique 1980s 1990s 2000s Correlation with year
Frequencies 0.03 0.02 0.00 —0.229
Nonparametric tests 0.13 0.02 0.00 —0.376% e -
Correlations 003 00 0.00 —~0.294 fg@@%f’?fﬁ%ﬁfﬂi\
Tests of mean differences 0.30 0.07 0.00 —0.704* SEDNIZNS Sl
t-Tests 0.27 0.07 0.00 -0.622
Other tests of means 0.03 0.00 0.00 —0.308
General linear models 0.42 0.57 0.63 0.499*
ANOVA 0.14 0.08 0.07 —0.248
ANCOVA 0.01 0.02 0.00 —0.085
MANOVA 0.01 0.01 0.00 0.204
MANCOVA 0.02 0.01 0.00 —0.227 %@l}%(multiple regression)(&
Simple regression 0.03 0.00 0.00 —0.358 3
Multiple regression 0.19 0.34 0.39 0561 02 COEDNSTEA
Hierarchical regression 0.02 0.11 0.17 0.681
Longitudinal data methods 0.01 0.02 0.04 0.422 P& E%#Y[E1)F (Hierarchical
Fixed effects models 0.00 0.00 0.00 0.292 Regression)(Z =
General time series analysis 0.00 0.01 0.00 0.052 t{%(‘{ﬁb%éi;%gm
Pooled time series analysis 0.00 0.00 0.02 0.361% - !
Variance decomposition 0.01 0.01 0.02 0.273
Explicitly dynamic methods BERETIL
Event history/hazard studies 0.00 '0.03 0.02 04131 I\RILTF—AIDRDFEE
Discrete events methods 0.04 0.16 0.16 0.549*
Discriminant analysis 0.04 0.01 0.00 -03691 OS54 woLEIRZENZEEHN
Financial event study 0.006 0.03 0.05 0.453* — N
Logistic regression 0.00 0.12 0.11 0.757 2MB(0 or 1)DES(LENNSFE
Methods for analysis of interdependence among firms
Network analysis 0.00 0.01 0.00 0.258
Methods explicitly accounting for firm heterogeneity
Cluster analysis 0.02 0.00 0.00 —0.083 BEASERXESFY )0"(structural
Causal structure methods 0.02 0.08 0.13 0.537*  equation modeling)(Z#E#dD
Path analysis 0.01 0.02 0.00 —0.209 ERRETIIFAERETS
Simultaneous equations 0.01 0.00 0.00 —0.258 CECHROSNIEE
Structural equation modeling 0.00 0.06 0.13 0.732 - !
Methods to analyze decision making SEM, HE£OEEED T & BTN
Causal mapping 0.00 0.01 0.02 0.349
fad s A A 5NN 20
T L7 = N ZUZ0

tp<010;*p <005 = p <001, " p <0.001

Shook et al.(2003) Strat Mgmt J. 24: 1231-1237
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Exercise 6 [MOllgnthzd D (E[[O)F)

tEZ . 1 DDHRAZEIIT TR
mpg = By + Bywt + € e[CIEMN Tz ARE

EEZE: mpg
snHAZE:  wt
KREGRE): €
[O])F{HEN: By

HO)FET )LD (C (FDFHRE &M
SEO))FREST)LOKC (HMRENFREL & IESN

wElRHRED Rl (& [MiOZBGEE=HH Uizl BlIEHAEIE VDR



S—Atwv ~

T—Atvk  |ErEA
The data was extracted from the 1974 Motor Trend US magazine,
mtcars and comprises fuel consumption and 10 aspects of automobile
design and performance for 32 automobiles (1973-74 models).
EH % & BA
mpg Miles/(US) gallon #AE (miles/gallon)
disp Displacement (cu.in.) #HER=(inch?®)
hp Gross horsepower 7
wt Weight (1000 Ibs) FEZ(10007R2/F)

(c) ILARTE L 2020 25
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Exercise 6 2.[0ll&0H#h(E[Ll)F)Z1T2

Call:
Im(formula = mpg ~ wt, data = mtcars)

Residuals:
Min 1Q Median 3Q Max
-4.5432 -2.3647 -0.1252 1.4096 ©6.8727

Coefficients:

Estimate Std. Error t value Pr(zltl)
(Intercept) 37.2851 1.8776 19.858 < Ze-16 ***
wt -5.3445 ©.5591 -9.559 1.29e-10 ***

Signif. codes: @ ‘***’ 9.001 ‘**’ 0.01 ‘*’ ©0.05 *.” 0.1 * " 1
Residual standard error: 3.046 on 30 degrees of freedom

Multiple R-squared: 0.7528, Adjusted R-squared: ©.7446
F-statistic: 91.38 on 1 and 3@ DF, p-value: 1.294e-10

(c) ILARTE L 2020
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mpg

30 -

201

10 4

JRIERR

mpg = 37.285 - 5.344wt

2

(c) 3T A & 3Wlo20
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mpg

30 -

20 1

10 4

%5206, mae

o FHIE
2= (=8UAME-FAHE)

5.98

-
N -
-
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OLSH#EIE : BREDZFENza/IMCI DK D (COlFERRZHETE

mpg = Bg + Biwt + €

RE BREZR
€4 -2.283 9.210
€, -0.920 0.846
€3 -2.086 4.351

Bol B @i L CHREZROMZ&/IME

€. | -2781] 7.734

£y | -3205| 10274 (BN, OLSHEE)
€4, | -1.027| 1.056 OLS=ordinary least squares estimator
0 0.000| 278.322
2B DT —I WS 1ARDLEFHZHEE
E‘ﬁd\:ﬁiﬁ\

mpg = 37.285 - 5.344wt

(c) ILARTE L 2020 30



Exercise 6 3. [O

Dependent variable:

EEEE mpg

(Wﬁ%@ﬁ)nn /Pﬁ

stz [ (R EREE 5844

7 (0-559)** s

_C(%?;'gant 37.285
L (1.878)
Zi - MAIC 166 N
N Observati(zgg/ E‘%%i&i) 32

NR? 0.753
%;E'g{g% /Adjusted R2 *(*)*.745
REFS F Statistic 91.375 (df = 1; 30)

—

e

FE" Note:

*p<0.1; **p<0.05; ***p<0.01
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Exercise 7 ZE[RlEDHT=ZT5

 BBBOT STy NERRE U, ZHECHEEN S 3.
BT E DD > CHERBIZ SRR T 3 EF L.
BRI EERADEEEERDBEFL.
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SOEETILOBESEUTOLOSRRIC. T—FNTa1wv hITBELSIC
Bo, BZKD D

Y=Bo+PBiXy+BXy+ == +BX+ €

Y HGERIARZN(BREE - [EREEN)
X1, Xk ERBAZEEL (JRIZZEEN)

Bo- B REIRERE
£ BRI (G2 [ERISTRICIED O & ERE
N M (B> ) LX)



Exercise 7 I{FELlg0iTZ 9 dHV7?

RERREL. SRAREN SHERAEHNDZEEZRT

- S DRI N\ D EE Z KD DEFT ).
22U HEEMBOERDOFEEZFRET D.

HERER (HEER])
7 85
X Y X Y
B, B4
BR5EhEsR 1IPEEEG BRFChEsR 1PEEE
Y =B + B:X Y =By + B X + ByZ
B, >0 B, >0
E&Jbbﬁ%X(L—} L/j_ b\biﬁﬁ%EYb\J:b\jr? @)FEZET)l/(c_/\l_}ﬁ._CEE%R_\,Z%%Ha%\LA/UE
SRZDEEEZERE L TULVRLY SRIDEERZREUICELTE.

ARFEHBSRX (STEEEEERBY (LT S ADEENH D

EFETILICHMAAATLHBRRZZ
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B OEEFEST )LD

Dependent variable:

mpg =wt ---(1)

mpg = wt + hp *-+(2) () mPo ©)
wt -5.344"" -3.878"
(0.559) (0.633)
hp -0.032™" ©)
(0.009)
Constant 37.285™ 37.227"
(1.878) (1.599)
Observations 32 32
R2 0.753 0.827
Adjusted R? 0.745 0.815
Residual Std. Error  3.046 (df = 30) 2.593 (df = 29)
F Statistic 91.375" (df = 1; 30)69.211" (df = 2; 29)
Note: *p<0.1; *™p<0.05; **p<0.01

@ REMFREIR2, FHEEFHR2(F(1)=>(2)THEL TLB(RAFZTHARE)

@ wtDOzIR(F. (1)TIF-5.344. (2)CT(F-3.878
Q)DAMNHR (DAREE) WhE<REo>TWD

©), hpc‘:b\5¥£ﬁ)§®%ﬁﬂ’%ﬂ?5’1~ L7ewtDEZEEh-3.878
¢) ILATEX 2020 36



(&Z)FEERMIE])F (Hierarchical Regression)
M1 LT, M2IEFEVWETILEWVWRBIZADHY?

CNICERDDNPEEMEETHSD

M1 T DIM2ONES

Analysis of Variance Table

FIRET D EBECHD
Model 1: mpg ~ wt =mM2OWE(IBEETHD
Model 2: mpg ~ wt + hp
Res.Df RSS Df Sum of Sq F  Pr(>F)

1 30| 278.32
2 29(195.05
S

83.274 12.381 0.001451 **

ignif/ codess @ “***’ 9.001 ‘**’ ©0.01 ‘*’ ©.05 *.” 0.1 * " 1

M2([EM1ELDELIDLE L DEI(hpEER)ZS A TULD

RAEZBIRSSIEM2DANNEWN(M2DIEMNETILDFRARNREZ())
CNENE(£83.27(=278.32-195.05) CH D

ERCIRETRAICR EDBREEERTETI)ILZLHRIDIENZLY &



(&%) HARKingld. UTTIEZs

HARK = Hypothesizing After the Results are Known

DATFREEREMNDOMN O TZ&(C. IREEZ D < D TIELITFTRLY

IREARTEDFETIE. EBREDINATET. BIRIC KD THIET
HNBER(CIRDAIgEEN DD,

5% ER/NKERS, [20[E](C1E]l(X. BAICHG. WLWEFICULT
WBKDRDITERZED] EVLWDEIEEEN DD,

Meyer et al. (2017) “What’s in a p? Reassessing best practices for conducting and reporting
hypothesis- testing research” Journal of International Business Studies, 48, 535-551.



(&%) p-hackingDfsiE

Raw and weighted distribution of z-statistics

Density

10

1.645 (0.100)-
1.960 (0.050)-
2.576 (0.010)

z-statistics (p-values in parenthesis)

Figure 1 Camel-shaped distribution of p—values in JIBS, OrgScience and SMJ (2015 and 2016). Note The graph shows
the histogram as well as the kernel density plot of the weighted distribution of z—scores in all hypotheses testing
articles published in JIBS, Organization Science, and SMJ in 2015 and 2016.

Meyer et al. (2017) “What’ s in a p? Reassessing best practices for conducting and reporting 39
hypothesis— testing research” Journal of International Business Studies, 48, 535-551.
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Exercise 8 X H{E

[ETILA]

(557] z

X l > Y

Z: moderator(HEZE )

[ETIV] Y= B X+ BZ+[:XZ ..(1)

] XDY~NDIIRITZDEIZIKEF

Y =0.X+ 6,72+ (:XZ
=B+ B3Z2)X + B2

(Bl -arFqooxL—EHK

X AEHNEE, v« XE 2z

XA
W}
gl
il
ik

[#E3E K]
(V)XZEEIRETILTHEEL B FRE
2% Holmbeck(1997)

ZTHEEATTIL XEZ@IRTILTNS

=T )LEEMMERESIL

W%%Tnﬂﬁ%w%%Two

/ \T(gxw%i%tﬁé
> Y

Z: mediator(BE A ZE )

Y =B X+ B2 -(2)
Z = B:X .(3)

XIF2 DD INABBETYIZHRZERIZT
(i) XHDVYIZBZE
(ii) XDIZIZFZEL, I5(2ZMYIZEE

Y =pX+ B2
= p1X + 253X
= B, X --(4)
-HRESDIL UV

X: BAREA, v: BXFE, z2 KEXHMEBE

(2)3)XZESEMTHEEL B 18,8 ;& 4& 5T
or
)4 RZRIFETILTHEEL B 18,8 L5



Exercise 8 ZXH{EFHETEF)L
ZEERAET)LEERRESVICKEE(REE XZ)EBMU

BB (C (T FEEDKIDICERT,
Y= B X+ B2 + B3XZ -+ (1)

Z: I

(moderator)
Y= B X + B,Z + B3XZ Bs: X EVERAHE
=(B1+B324)X + B2
t’EﬂZ‘C‘%éo \7—§7L)|,§j3$ <—FIVBIRIIMEE

(BRFXNER) B9 Z&HD

ZEVEFAET IV XOMBEMNZOKELC KD TENLTD

(c) SLATE 3L 2020 44




n R E—
Exercise 8 1.XXE/ERAEFTILZHETET D
Dependent variable:
mpg
(1) (2) (3)
TR — wt -5.344™ -3.8787 -8.2177 ©)
(0.559) (0.633) (1.270)
SR ZE hp -0.032"™ -0.120"
x> HVEFM R (0.009) (0.025)
0.028" 5 «
(0.007)
#stv 7 hRT(E Constant 37.285™ 37.2277 49.808
xi :xh ﬁéﬁj (1.878) (1.599) (3.605)
Observations 32 32 32
R2 0.753 0.827 0.885 D
Adjusted R? 0.745 0.815 0.872
Residual Std. Error  3.046 (df = 30) 2.593 (df = 29) 2.153 (df = 28)
F Statistic 91.375" (df = 1; 30)69.211" (df = 2; 29)71.660 " (df = 3; 28)
Note: *p<0.1; *™p<0.05; **p<0.01

@ RERER2, HHE
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45



]

RXEERTEST)

X

Enﬁ
/O) =Py Il_J\I\\\

REVERAETIVICIEZEVERE

B(XZ) AT (ICIBRIE(X E

'aﬁaw5_a

XZCRZEERAN D5,

XEZDEFHMREHDET

. XZEXIIIZ U CEHME T D 2 & (FTER. I EHOE

T D& (N—2F IR EHD L)

. XDONX—=ZFIVHIRIEZDKE(CK DO TEILIT DI EICHEE

Do FFICZOEID D D&EHI(C

. XD —ZF)LNRDEFEX

DZEICER

CEEIBE.

B (FZDIKEC KD TEIET

(c) ILARTE L 2020 46
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Exercise 9 ZUEH(1)

T/l
y = 0.3x + 0.5z
z = 0.6x
oA
/
by w5
X - Y
b;:0.3

RTEUE/IN\SGA—S
X—yEEZNER:0.3
x—yRHEREE:0.6%0.5=0.3
x—VHAE%HE:0.3+0.6%0.5=0.6
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Exercise 9 ZXEf5l(1) &

Dependent variable:

y
@9 (2)
X e O - D8LHEE »Q.301*** o
WENR 0.033) MEMEOSET  (0.036) DIEIR
ERNNELTIRD
ya Q.437%**
(0.032)

Constant 0.029 0.025

(0.034) (0.031)
Observations 1,000 1,000
R2 0.236 0.358
Adjusted R2 0.235 0.357
Residual Std. Error 1.068 (df = 998) 0.979 (df = 997)
F Statistic 308.370*** (df = 1; 998) 278.312*** (df = 2; 997)

Note: (c) AR 2020 *p<@.1; **p<0.05; ***p<@.01 35



Exercise 9 #UEHI(1) ERLFETIL
BT NHA XDNEVES L, st R B EEHIBERL, (53

Dependent variable:

y
@D) (2
X TR ERME Q. 525%** » 0.229 ETHBERMN
210, (0.161) IEMNN=<LIED (0.150) 2L
z 0.008***
(0.133)
Constant 0.134 0.038
(0.156) (0.133)
Observations 50 50 H>T)ILHAXH/ S0
R2 0.181 0.432
Adjusted R2 0.164 0.408
Residual Std. Error 1.075 (df = 48) 0.904 (df = 47)
F Statistic 10.618*** (df = 1; 48) 17.894*** (df = 2; 47)

Note: (€) LA 203, 0 1; **p<@.05; ***p<0.01 26



Exercise 9 #UEHI(1) SEMOETERZRT—JII

lavaan 0.6-5 ended normally after 11 iterations Parameter Estimates:
Estimator ML Information
Optimization method NLMINB Information saturated (hl) model
Number of free parameters 5 Standard errors
Number of observations 1000 Regressions: )
Estimate Std.Err
Model Test User Model: y -~
X (b1) 0.301 0.036
Test statistic 0.000 , z b2 0.437 0.032
Degrees of freedom 0 » b3 0,630 0.030
Model Test Baseline Model: Variances:
.. Estimate Std.Err
Test statistic 813.275 Ly 2.956 0.043
Degrees of freedom 3 2 0.953 0.043
P-value 0.000
Defined Parameters:
User Model versus Baseline Model: N —_— Estimate Std.Err
CFI > 0.95h B%Z i 0.280  0.024
Lomparative Fit Tndex (CFTD 1.000 total 0.581  0.033

Tucker-Lewis Index (TLI) 1.000

Loglikelihood and Information Criteria:

Expected
Structured
Standard

z-value P(G1zl)

8.270 0.000
13.801 0.000

21.149 0.000

z-value P(G1zl)
22.301 0.000
22.361 0.000

z-value PCGlzl)
11.558 0.000
17.578 0.000

AN
Loglikelihood user model (H®@) -2790.937 BN
Loglikelihood unrestricted model (H1) -2790.937 Z
: b,:0.5
Akaike (AIC) 5591.874 b5:0.6 §
Bayesian (BIC) 5616.413
Sample-size adjusted Bayesian (BIC) 5600.532 )(
— Y
Root Mean Square Error of Approximation: “ — b,:0.3
RSMEA < 0.05hB% '
RMSEA 0.000
90 Percent confidence interval - lower 0.000
90 Percent confidence interval - upper 0.000
P-value RMSEA <= 0.05 NA :Eg_“) b@i@/_\}#@?lﬁfﬁ
//>Z Fa
Standardized Root Mean Square Residual: “5‘[:](Et§FﬂEU§%§§H5Z)
- 4 o (=
(c) SLARTE 2020 57

SRMR 0.000



Exercise 9 ZUEH(2)

T/l
y = 0.3x + (-0.5)z
z = 0.6x
oA
/
by w .5
X - Y
b;:0.3
x—>yEfFEZNR:0.3 BRI TSR

x—>yEHEZNR:0.6*%(-0.5)=-0.3 BEHEHRETAF
X—ViRENER:0.340.6%0.5=0.0

(c) ILARTE L 2020 58



_Exercise 9 #iBfl(2) E[a IJRETIL

Dependent variable:

Constant

wamz 0.013
(0.038)

0.052
(0.037)

> 0.337%%* mizE
(0.037)

-Q.582%**
(0.032)

0.048
(0.032)

Observations
R2
Adjusted R2

Residual Std.

F Statistic

Error

-0.001
1.162 (df = 998)

0.246
1.008 (df = 997)

0.112 (df = 1; 998) 164.324*** (df = 2; 997)

Note:

(c) ALATEI 2020,

p<@.1; **p<0.05; ***p<0.01

59



Exercise 9 #UEHI(2) SEMOETEZRT—JII

lavaan 0.6-5 ended normally after 11 iterations

Estimator
Optimization method
Number of free parameters

Number of observations
Model Test User Model:

Test statistic
Degrees of freedom

Model Test Baseline Model:

Test statistic
Degrees of freedom
P-value

User Model versus Baseline Model:

Comparative Fit Index (CFI)

Tucker-Lewis Index (TLI)
Loglikelihood and Information Criteria:

Loglikelihood user model (H®)
Loglikelihood unrestricted model (H1)

Akaike (AIC)
Bayesian (BIC)
Sample-size adjusted Bayesian (BIC)

Root Mean Square Error of Approximation:

RMSEA

90 Percent confidence interval - lower
90 Percent confidence interval - upper
P-value RMSEA <= 0.05

Standardized Root Mean Square Residual:

SRMR

ML
NLMINB
5

1000

0.000

545.526

-2838.466
-2838.466

5686.932

5711.471
5695.590

0.000

Parameter Estimates:

Information

Information saturated (hl) model

Standard errors

Regressions:
Estimate
y ~
X (b1) 0.337
z (b2) -0.582
z ~
X (b3) @.557
Variances:
Estimate
Yy 1.014
.z 0.988
Defined Parameters:
Estimate
ind -0.324
total 0,013

Std.

Err

.037
.032

.032

Err

.045
.044

Err
.026
.038

(c) ILARTE L 2020

Expected
Structured
Standard

z-value PCGlzl)

9.034 0.000
-18.152 0.000

17.255 0.000

z-value PCGlzl)
22.361 0.000
22.361 0.000

z-value PCGlzl)
-12.5006 0.000
0.335 0.738
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Exercise 9 #UEHI(2) SEMOETEZRT—JII

lavaan @.6-5 ended normally after 11 iterations Parameter Estimates:
Estimator ML Information Expected
Optimization method NLMINB Information saturated (hl) model Structured
Number of free parameters 3 Standard errors Standard
Number of observations 1000 Regressions:
Estimate Std.Err z-value PGlzl)
Model Test User Model: y ~
X (b1) 0.337 0.037 9.034 0.000
Test statistic 0.000 z (b2) -0.582 0.032 -18.152 0.000
Degrees of freedom 0
Variances:
Model Test Baseline Model: Estimate Std.Err z-value P(Glzl)
.y 1.014 0.045 22.361 0.000
Test statistic 284.906
Degrees of freedom 2 "
el o9 SRETIL
User Model versus Baseline Model: CFI >0 9573\‘@& _
y = bix + b,z
Comparative Fit Index (CFI) 1.000
Tucker-Lewis Index (ILI) 1,000
Loglikelihood and Information Criteria: 5:_@955%(:1%3 7_::E5—“) l/
Loglikelihood user model (H®) -1425.764 —
Loglikelihood unrestricted model (H1) -1425.764 y - O- 3X + ( O- S)Z
Akaike (AIC) 2857.528 z = 0.6x
Bayesian (BIC) 2872.251
Sample-size adjusted Bayesian (BIC) 2862.723

Root Mean Square Error of Approximation: RSM EA < OOSDVE& R R .
RMSEA 0.000 _ ﬁ*ﬁ':ET) == T_QEEEE

90 Parcent confidence interval - upper 0.000 LIZEFTILEFERDA.
P-value RMSEA <= 0.05 NA
o EEEFEZZERULTND,

Standardized Root Mean Square Residual: L
(c) ALATEI 2020 62

SRMR 0.000
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(Z2) UCB admission

Simpson's Paradox: UC Berkeley 1973 Admissions

BUERE

40.0%
N 30.0%
20.0%
10.0% 1

SE(Male) oo 7% (Female)

BHDIFE>0. ZEKYE. ADERENGL, ZR|TIEHELOMN?
(c) ALATEX 2020 66

1R (%




(Z2)UCB Admission

FEROY, BHREIZEZELTULNVAD TIEAELA?

ATHEEF
Ak v
—+n

Ll

1A - B



BUEGHE

(Z2) UCB admission

S 40.0% -
X
< 30.0%4
g 20.0% A

10.0% -

@ 0.0% -

FEHBORE

Al
Male

L)
Female

Gender

A

—~ 80.0% 1
S 60.0%1

B 40.09% -
20.0% -

%

0.0% -

(c) ILARTE L 2020

Ik LSRR THD &,
SBHEOEBEMNF

FEICHRHIL THD &,
TR (C K DEIEERDE (S
IN=L73D
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(B2 )UCB Admission® A X T2 [BlIFED 4

Dependent variable:

Admit / exp(0.610) = 1.84
e PERI=B L,

Gee 080T 01 S A )TN
© | S A VRN SMEIFES LD
DeptB -0.043
(0.110)
DeptC -1.263"""
(0.107)
DeptD -1.295™" .
(0.106) LHOLEh s,
DeptE -1.739™" ?%‘B(Dept)wﬁb‘i’%%?’ék
(0.126) HERIZEKDEIERAVADENE
DeptF 3306 S tAJEtJ:L\(=-O.100)
(0.170)
Constant 0.830""  0.682"" MATHAETIEL — _
(0.051) (0.099) =SB TEWNDAHSEIEE AL
Observations 24 24
Log Likelihood -2975.446  -2,593.744
Akaike Inf. Crit.  5.954.891  5.201.488
Note: "p<0.1; “*p<0.05; ***p<0.01 (c) ILATEX 2020 69



(Z2)UCB admission
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RERREL. SRAREN SHERAEHNDZEEZRT

- S DRI N\ D EE Z KD DEFT ).
22U HEEMBOERDOFEEZFRET D.

HiBREE HABER)
Z =5
X Y X Y
B4 B,
BRFEhtoR PEEEE BRFEhtESR LS
Y =B + B:X Y =By + B X + ByZ
B, >0 B, >0
ARFEHERX (CIRBE U SeESEFEYMN LA o /22 EFETILICHBRE CHhIDIERZZHAHAAT
SRZDEEEZERE L TULVRLY SRZ0EZEZERELUIZELTE.

ARFEHBSRX (STEEEEERBY (LT S ADEENH D

EFETILICHHFHAATCIBRERZ %
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T zE (T DH?
E#zIE. 2B EH (confounder) EL THEETZETIE &I L TULN =

confound: RIEESH S, KIS,

Z

X Y

3EHMIZLEEE DK OLGRARDHAEFIZ, ZTHHAILLGEWNEXSYD N EMNELLHEESNLN

BT o=BERRET I ORICKBEHZZHHFNLEHELTED S
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A fE D ITICLORIBEBZDFZED

F%E

anji

RIEEBNFELIGS. BIED T THRE ZHELTRYRAA
TRETIE ELLE %x)]%b\?émf‘é'%)

L. EDEILBEMNRKBEIHT. EOIHLEEIZEIFER
HIZHRYADIELLOMNFETHS

DAGZEZE ., back-doorEETRELEHDEIRZIT NIX LKLY

Pearl, J.(2000) Causality: Models, Reasoning and Inference
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DAG: Directed Asynchronous Graph (ERIJExK[B]F 57)
X, V,V-22DTDODEHTRIFETESLV AT L x>yDNEZEY =10
y =bg+ bix + - ELVIEIRETILEHTE, .. [2. WTNDEHZZEIRITNIELLDH?

‘ x: {RER TR DERBAZE 2L

O— o
o

o ., o

EHHEZLTE)EIv-2FTEDHD, ENDFEBLAMTNIZWDITEVORBERGDH?



I\ K7 B #E(back-door criteria)

SEMXN2)DBZEEEAZD XDDOYDREMBORESZHY =LV ()
FOE.XSOYDMBEELLERTbIZFA=HIZIE.
LTDESIESEHzZEEIFETILIZINAS (BLLIE, IZELY),

(1) ZDV 53l (2) ZERR (3) ZH el =
ZIIXHEZEER Z (3@ Rz ZIJIENTZEER

BEMREMY=-UVRIFZZERETIVIC

ZZENRETILIZINZ 2ZRIFETIVIZINATIE macEastn
EERETVENAS FEEELN EENREAY B ERET LIS
& Ofc- Mz %
A —
Y = by + b, X + b,Z Y =by+bx  WER) Y =bo+bX

(EEEMR) Y =by + b X + b,Z
1 EHBHEXSYD
A0 B E M (£ LIFERE) A
FETSH (c) STAIET 2020
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AEBLULDIZEDINY IS T EE

=L LDIEE. BE(path TEZS

—DpathZF BRI S
WFRODEHA
EIRETILIZEENNIL
X>YDRERRMNRIFIELL
HETES

i
° ° (1) Y = by + by X + by Z,

(1)-B)WVTDIHFETEH., BImAMIZIX
(0 A 2000 XDFIR (b)) IEECIEIZHES 78



() . 1\vI K7 EH%E (M bias)

=L EDIFZE. BE(path TEZS

XS>YDNREELSHETET 21=HIZIF
@ (1) Y = b, X
(2) Y = b X + byZ4
@ (3) Y = b, X + b3Z,
(4) Y = b,X + byZ, + b}Z,
LAL. (5)[E7=&
(5) Y = biX + b,Zs
X ° f=t=L. (6)[Fok
(6) Y = b, X + by Z, + by Z, + b} Z,

Z D /\32—> [EMalicious MED (1)-(4)(6)DWVIF T, BERAIIZIE
M biasEFEE N3 XDIE(b)IEELCIEIZAS

(1)-(6)[&H] A (by) B BE
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R B8 (b)
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ﬁ‘ﬁ'E FI:ﬁEE (C)

HDESHERTSTNEESINDIREIZDLNT,
XSYNDNEEHETEL-UOEF., #iHIZE#HELT
EDEHFHRAZRICEHDHIRNED?

BET—3Y AT R vol.3 p45



R B8 (d)

HDESHEART TN EEINDIRRIZDOINT,
XSYNDIBEEHTEL-UVDE., #iHZE#HELT

EDNEREHAZHIZEDHRNED?

Zy

Y

BET—3Y AT R vol.3 p45
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Zy

HDESHART TN EESINDIREIZDNT,
XSYNDNEEFHTEL-UEF., #iRIZE#HELT
EDEHZEHRHAZTHIZEDHLHIRED?

Y

BIET—3HY AT X vol.3 p45



R B2 (f)

HDESHEART TN EEINDIRRIZDOINT,
XSYNDNBEEHTEL-UEF, $iHIZE#HELT
EDEHZHRALZTHIZEDHLHIREH?

, /
I,l - DERS

‘/- l%*%LI;tTEﬁ\ !

BET—3Y AT R vol.3 p45



1E fiz 451
(a)

(b)

(c)

(d)

(e)

(f)

Y =Bo+ B X+ BrZy + BrZ;

Y =Bo+B:X

Y= Bo + le + Bzzl
Y = Bo + BaX + BaZy + Brls

Y =Bo+B:X
Y =Bo+ B1X + B.Z,

Y =Bo+ B X+ B2,
Y =Bo+ B1X + B3Z3

Y =Bo+ B X+ B2y + ByZ,

il B9 - ERE

Y = Bo + B1X
[XEELY  mpmi-grcEos<ts

Y =Bo+ B1X+B2zZy
LT EEHAIERR

Y =Bo + B1X + BaZy + B3Zy + BaZy + Bsis

Y =Bo+ BiX + B2Zy + B3Zy+ BaZy + BsZs + Bels
LM EEHANIERE

Y =Bo + B1X+ BrZ; + B3Zs
Y=Bo+ B%X + B,Z; + B3Zs + Bals
LR EIEAIERR

Y = Bo + B1X
[EfELELY



(BB )RHEHD

O
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MEZHDREIRFRBTERICAERT 52 EZTable 2 Fallacy&E RS

S”‘"k‘”g\

HIV —& Stroke

//
Stroke: F4E

LEEDAGEREEIZ, TROOCAT4vIEIREHELT-,
logit(Stroke) = By + By X HIV + B, X Smoking + B; X Age

ZDEE, B IFHIVSStrokeDFNERZFIELLRLTLYS,
E#&IZ. B,HSmokingD R ZRLTLSEZEZA TRV

Westreich, D. & Greenland, S. (2013) The Table 2 Fallagy; Presenting and Interpreting Confounder and Modifier Coeffigients,
American Journal of Epidemiology, Vol.177, No.4, 292-298



(SE)REIEBROLRIGFHRELEERT 52 H7?
logit(Stroke) = B, + B; X HIV + B, X Smoking + B; X Age

o B, EPB,ERFRIZEEIRL TIXULNMFALV(=B,[ESmoking>Stroke DN R ZFIELRL
TUWVELYDELNELY)

o UELVWOKRAIZDREAFNFELTLDAIEEENH LM BT,

o UDFEDLLLY, EWNVZ DAL, B,IXIELL{SmokingD R ZERL TS

/U

HIV Stroke

/ Stroke: FE1E

Westreich, D. & Greenland, S. (2013) The Table 2 Fallagy; Presenting 2nd Interpreting Confounder and Modifier Coeffigients,
American Journal of Epidemiology, Vol.177, No.4, 292-298

Age



