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Logistics of Statistics Il
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Monday Tuesday Wednesday Thursday Friday Saturday
Lecture* Assignments  8-10 (lab 3) Do readings Submit
go online / 12-14 (lab 4) for next week, answers to
*Lab 3 (10-11h) submit (drop-in) think about Moodle quiz
*Lab 4 (14-15h) Sunday the quiz
week after +
but Submit
answers to
Please start take-home
early! assignments
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Syllabus
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Topic / Lecture Assignment / Lab Topic / Lecture Assignment / Lab

Counterfactual Intro / Logistics 7 Regression RDD

Causality Discontinuity Design assignment

Potential Outcomes tba 8 Difference-in- DiD & synthetic

Framework Difference controls

Causal Graphs Causal Graphs 9 Panel data Panel data
assignment assignment

Regression Regression 10 Moderation & Moderation &

Mechanisms Mechanisms

Matching Matching 11 Validity & Revision
assignment Generalizability assignment

Instrumental Instrumental 12 Planning & tba

Variables Variables Evaluating
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Grading
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* 50% take-home assignments, submitted via Moodle
* Deadline: =2 weeks after publication

* 15% weekly quizzes on Moodle
e Deadline: the day before the lecture, 11:59 PM

e 35% in-class or online final exam
e Final exam week
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Take-home assignments
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* Materials will be uploaded after the lecture

 Materials will consist of:

 RMarkdown template with questions
* Dataset

* Your task:

* Work on the assignment in an RMarkdown document (in RStudio)
* Knit the document to an HTML file

* Upload both the R Markdown and the HTML file via Moodle




Causality
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RStudio

Statistical Modeling & Causal Inference - Oswald

Download latest
version of R

Download RStudio

IDE to use R

Free and open
source

Interface divided
into 4 panes

Word documents. For more details on using R Markdown see <http://rmarkdown.rstudio.com>.
15 &1 Install
16 When you click the **Knit** button a document will be generated that includes both content as well as
the output of any embedded R code chunks within the document. You can embed an R code chunk like this:

Name

System Library

17
18~ “**{r cars} » abind
19 summary(cars) acs
SIS
27 €3 Test 3 R Markdown *
Console ~ /R =0 AR
o = - antiword
Natural language support but running in an English locale askpass
R is a collaborative project with many contributors. assertthat
Type 'contributors()' for more information and
‘citation()' on how to cite R or R packages in publications. backports
Type 'demo()' for some demos, 'help()' for on-line help, or base64enc
'help.start()' for an HTML browser interface to help. bayestestR
Type 'q()' to quit R.
bdsmatrix
[Workspace loaded from ~/R/.RData] o
>
binman

] ® RStudio
-~ B B E 55l +  Addins ~
@ Untitled1 | Environment = History
A8 | * Q| &kt - - *B Insert ~ “BRun~ | B v | = &% [ | Import Dataset ~ 3
g --- 7} Global Environment ~
2 fitle: "Test" Dat
3 author: "Lisa F. Oswald" F a
4 date: '2021-02-02' @ bigdata 200 obs. of 5 variables
5 output: html_document © data 4@ obs. of 3 variables
Ol --- © data_frame 8 obs. of 2 variables
7 ~
o fram . of r1i
o o T e P Y » - data_frame2 8 obs. of 6 va uA:b'LeS
9  knitr::opts_chunk$set(echo = TRUE) b dataZ 40 obs. of 3 variables
1) Fova U data3 8 obs. of 3 variables
1 0df2 1 obs. of 8 variables
g' ## RiMarkdown 0 df3 5 obs. of 8 variables
14 This is an R Markdown document. Markdown is a simple formatting syntax for authoring HTML, PDF, and MS i z
Files Plots Packages Help Viewer

@ Update

Description

Combine Multidimensional Arrays

Download, Manipulate, and Present
American Community Survey and
Decennial Data from the US Census

Applied Econometrics with R
Extract Text from Microsoft Word
Documents

Safe Password Entry for R, Git, and
SSH

Easy Pre and Post Assertions
Reimplementations of Functions
Introduced Since R-3.0.0

Tools for base64 encoding
Understand and Describe Bayesian
Models and Posterior Distributions

Routines for Block Diagonal
Symmetric Matrices
Boost C++ Header Files

A Binary Download Manager

& Project: (None) ~

—

List v

22
52 )
i)
22 )
£33
22}
52 )
i1 )

Version

1.4-5
2.1.4

1.2-9

1.3

1.1

0.2.1
1.2.1

0.1-3
0.7.2

1.3-4

1.72.0-

0.1.2

2022-02-09

Statistic Modeling & Causal Inference



Editor iIn RStudio
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e Source for your scripts an
documents

* Only commands that are

typed into a script can be
saved

* Press cmd + enter to
send commands to the
console (to be executed

« Comment your code using #

MR- SN o+ Addins ~

@] Untitled1 »

2 alg | ¥ Ql&kic - &~

i -

2 title: "Test"

3 author: "Lisa F. Oswald"

4 date: '2021-02-02"

5 output: html_document

o e

7

8~ " {r setup, include=FALSE}

9 knitr::opts_chunk$set(echo = TRUE)
o "

2l

12 - ## R Markdown

13

14 This is an R Markdown document. Markdown is a simple formatting syntax for authoring HTML, PDF, and MS

Word documents. For more details on using R Markdown see <http://rmarkdown.rstudio.com>.

15

16 When you click the **Knit** button a document will be generated that includes both content as well as
the output of any embedded R code chunks within the document. You can embed an R code chunk like this:

17,
18~ “**{r cars}
19 summary(cars)

an
21 6 Test

Console

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 ~/R/.RData]

z

R Markdown +

Environment

Data
bigdata
data

J data_frame
data_frame2

©dataz
data3

D df2
df3

[ | #Import Dataset v ¥/

History

Global Environment ~

200 obs. of 5 variables
40 obs. of 3 variables
8 obs. of 2 variables
8 obs. of 6 variables
40 obs. of 3 variables
8 obs. of 3 variables
1 obs. of 8 variables
5 obs. of 8 variables

Files Plots Packages Help Viewer

Install | (@ Update

Name

System Library
abind
acs

AER
antiword
askpass

assertthat
backports

base64enc
bayestestR

bdsmatrix
BH

binman

Description

Combine Multidimensional Arrays
Download, Manipulate, and Present
American Community Survey and
Decennial Data from the US Census
Applied Econometrics with R
Extract Text from Microsoft Word
Documents

Safe Password Entry for R, Git, and
SSH

Easy Pre and Post Assertions
Reimplementations of Functions
Introduced Since R-3.0.0

Tools for base64 encoding
Understand and Describe Bayesian
Models and Posterior Distributions
Routines for Block Diagonal
Symmetric Matrices

Boost C++ Header Files

A Binary Download Manager

&) Project: (None) ~

List

Version

1.4-5
2.1.4

1.2-9
13

0.2.1
1.2.1

0.1-3
0.7.2

2022-02-09

Statistic Modeling & Causal Inference



Console in RStudio
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* Immediate execution of R
comments by the computer

* Display of results of
executed commands

* Press enter to execute
commands

* Shows > if ready to accept
commands

RStudio
2 B B3 oo+ Addins ~
@7 Untitled1
A8 |7 - @ Insert + “BRun~ | G -
i ---
2 title: "Test"
3 author: "Lisa F. Oswald"
4 date: '2021-02-02'
5 output: html_document
6N ---
7
8~ """{r setup, include=FALSE} »
9 knitr::opts_chunkSset(echo = TRUE)
0
11
12 ~ ## R Markdown
13
14 This is an R Markdown document. Markdown is a simple formatting syntax for authoring HTML, PDF, and MS
Word documents. For more details on using R Markdown see <http://rmarkdown.rstudio.com>.
15
16 When you click the **Knit** button a document will be generated that includes both content as well as
the output of any embedded R code chunks within the document. You can embed an R code chunk like this:

17
18~ ***{r cars} »
19  summary(cars)
2:1 Test R Markdown +

Console ~/R/ - =0

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 'qQ)" to quit R.

[Workspace loaded from ~/R/.RData]

Environment

=g |
Data
bigdata
data
© data_frame
data_frame2
©dataz
data3
D df2
df3

Files Plots

Install | @

Name

System Library
abind
acs

AER
antiword
askpass

assertthat
backports

base64enc
bayestestR

bdsmatrix
BH

binman

History
_# Import Dataset ~

Global Environment ~

200 obs.
40 obs.

of 5 variables
of 3 variables

8 obs. of 2 variables
8 obs. of 6 variables
40 obs. of 3 variables
8 obs. of 3 variables
1 obs. of 8 variables
5 obs. of 8 variables

Packages Help Viewer
Update
Description

Combine Multidimensional Arrays

Download, Manipulate, and Present
American Community Survey and
Decennial Data from the US Census
Applied Econometrics with R
Extract Text from Microsoft Word
Documents

Safe Password Entry for R, Git, and
SSH

Easy Pre and Post Assertions
Reimplementations of Functions
Introduced Since R-3.0.0

Tools for base64 encoding
Understand and Describe Bayesian
Models and Posterior Distributions
Routines for Block Diagonal
Symmetric Matrices

Boost C++ Header Files

A Binary Download Manager

&) Project: (None) ~

List

Version

1.4-5
2.1.4

1.2-9
13

0.2.1
1.2.1

0.1-3
0.7.2
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Environment in RStudio
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* Environment and History

e Convenient monitor for data,
variables, etc

* Helps with reading in files
“manually”

e Often useful to clear
environment when you run
Into troubles

RStudio

the output of any embedded R code chunks within the document. You can embed an R code chunk like this:

Console

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 ~/R/.RData]

>

R Markdown +

2 B B3 2 v Addins ~
@7 Untitled1
Al 3|7 & Knit ~ ~
i ---
2 title: "Test"
3 author: "Lisa F. Oswald"
4 date: '2021-02-02'
5 output: html_document
6N ---
7
8~ """{r setup, include=FALSE}
9 knitr::opts_chunkSset(echo = TRUE)
0
11
12 ~ ## R Markdown
13
14 This is an R Markdown document. Markdown is a simple formatting syntax for authoring HTML, PDF, and MS
Word documents. For more details on using R Markdown see <http://rmarkdown.rstudio.com>.

15
16 When you click the **Knit** button a document will be generated that includes both content as well as
17
18~ ***{r cars}
19  summary(cars)
2 T

Environment | History

&% [ P Import Dataset + | ¥

% Global Environment ~ Q
Data

©Obigdata 200 obs. of 5 variables

O data 40 obs. of 3 variables

© data_frame 8 obs. of 2 variables

© data_frame2 8 obs. of 6 variables

© dataz 40 obs. of 3 variables

© data3 8 obs. of 3 variables

0Qdf2 1 obs. of 8 variables

0 df3 5 obs. of 8 variables

Files Plots

Install | @

Name

System Library
abind
acs

AER
antiword
askpass

assertthat
backports

base64enc
bayestestR

bdsmatrix
BH

binman

Packages Help Viewer

Update
Description

Combine Multidimensional Arrays
Download, Manipulate, and Present
American Community Survey and
Decennial Data from the US Census
Applied Econometrics with R
Extract Text from Microsoft Word
Documents

Safe Password Entry for R, Git, and
SSH

Easy Pre and Post Assertions
Reimplementations of Functions
Introduced Since R-3.0.0

Tools for base64 encoding
Understand and Describe Bayesian
Models and Posterior Distributions
Routines for Block Diagonal
Symmetric Matrices

Boost C++ Header Files

A Binary Download Manager

&) Project: (None) ~

=0

= List v

Version

1.4-5
2.1.4

1.2-9
13

0.2.1
1.2.1

0.1-3
0.7.2

@

i e e e e e e e
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Rest In RStudio
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* Files/Plots/Packages/Help/
Viewer

* Displays Plots and Tables

* Overview of installed and
loaded packages

Help to learn more about
packages and functions

RStudio

@ Insert ~ “®Run~ | G v

the output of any embedded R code chunks within the document. You can embed an R code chunk like this:

Console

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 ~/R/.RData]

>

BRI S == o+ Addins ~
@7 Untitled1
a2 LR
i ---
2 title: "Test"
3 author: "Lisa F. Oswald"
4 date: '2021-02-02'
5 output: html_document
6N ---
7
8~ """{r setup, include=FALSE}
9 knitr::opts_chunk$set(echo = TRUE)
0
11
12 ~ ## R Markdown
13
14 This is an R Markdown document. Markdown is a simple formatting syntax for authoring HTML, PDF, and MS
Word documents. For more details on using R Markdown see <http://rmarkdown.rstudio.com>.

15
16 When you click the **Knit** button a document will be generated that includes both content as well as
17
18~ ***{r cars}
19 summary(cars)
71 @ Test s

R Markdown +

&) Project: (None) ~

Environment  History =
4 [ | P Import Dataset ~ | ¥ —

7} Global Environment ~

Data

J bigdata 200 obs. of 5 variables i |

J data 40 obs. of 3 variables J

J data_frame 8 obs. of 2 variables i)

J data_frame2 8 obs. of 6 variables i)

©dataz 40 obs. of 3 variables 5
data3 8 obs. of 3 variables i)

Qadf2 1 obs. of 8 variables i)
df3 5 obs. of 8 variables =

Files Plots Packages Help Viewer —io

©l install | @ Update Q @

Name Description Version

System Library

] abind Combine Multidimensional Arrays 1.4-5

0O acs Download, Manipulate, and Present  2.1.4
American Community Survey and
Decennial Data from the US Census

1 AER Applied Econometrics with R 1.2-9

) antiword Extract Text from Microsoft Word 1l
Documents

[ askpass Safe Password Entry for R, Git, and iyl
SSH

) assertthat Easy Pre and Post Assertions 0.2.1

] backports Reimplementations of Functions y A4 |
Introduced Since R-3.0.0

7 base64enc Tools for base64 encoding 0.1-3

(7] bayestestR Understand and Describe Bayesian 0.7.2
Models and Posterior Distributions

) bdsmatrix Routines for Block Diagonal 1.3-4
Symmetric Matrices

O BH Boost C++ Header Files 1.72.0-

3
binman A Binary Download Manager 0.1.2
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R Markdown
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RMarkdown Is an authoring framework
for data science. A single RMarkdown
file can be used to:
e Save and execute code
o Generate high quality reports that
can be shared with an audience

We will use RMarkdown to submit our
weekly assignments.

A kit~ - ‘a
1.,,,
2 title: "Viridis Demo
3 output: html_document

N -

5

6~ " "{r include ~ FALSE}

7 library(viridis)

3

9

10 The code below demonstrates two color palettes in the
[viridis](httos://github.com/simgarnier/viridis) package. Each

plot displays a contour map of the Maunga Whau volcano in
Auckland, New Zealand.

11

12 - ## Viridis colors

13

14- " {r}

15 1image(volcano, col = viridis(209))
16 "

17

18 - ## Magma colors

19

20- " {r}

21 1image(volcano, col = viridis(202, option = "A"))
2

23

oooooo
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Headers iIn Rmarkdown
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(43 @ «/Dacuments/rmarkdown - |

O . * . 8 - *  Addins «

9 1-example.Rmd

« YAML headers surrounded 5 i o
by “w___m § 1.15” iﬂqqu_}rALSE} ,
Meta-data that guides the s -

fi |e b u i |d—u p p rocess_ [viridis](httos://github. com/sjmgarnier/viridis) package. Each

plot displays a contour map of the Maunga Whau volcano in
Auckland, New Zealand.

11

12 - #2 Viridis colors

13

14- "7 {r}

15 image(volcano, col = viridis(209))

16

17

18 - ## Magma colors

19

20- " {r}

21 1image(volcano, col = viridis(209, option = "A"))

22

23
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R Code in Rmarkdown
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[ @ ~/Documents/rmarkdown - |

Q -« i 8 - *  Addins =

y Qi - @ - ‘a #Run ~
[ R COde Chunks ;txtlc "Viridis Demo
d d b NN N 3 output: html_document
surrounded by :
6+ """ {r include ~ FALSE} v
7 library(viridis)
g
9
o Ch u n kS ta ke COd e aS a n 10 The code below demOjstrates twg color palettes in the
[viridis](httos://github. com/simgarnier/viridis) package. Each
i n put. It WO rks just |ike 232;12:‘;;’31:& ;g({::z{;r map of the Maunga Whau volcano in
usual R Code- %-## Viridis colors
14- " {r}
1; imag;:ﬁvolcano. col = viridis(200))
16
s NN N 17 "y _
start a chunk: {r} 8 vogm coors
. NN N 20':”{”, o . e
end a Ch u n k- 2 }rpqge:‘volcano. col = viridis(200, option = "A"))
23
11 Vinigdis Deme R Markdomn
Console
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Text In Rmarkdown
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e e ~/Documents rmarkdown - |
#Hl Qlelcp~ — A file/ funcuicn & -« -+ addins -
## HZ Q) 1-example.Rmd * -
- a e g LT ‘a SRun v >
I ### H3
[ ] TeXt mlxed ; title: "Viridis Demo”
. . 3 output: html_document
with S|mp|e soxbold textsx ‘-
. 6~ ':'{r inc}uc‘ie.- FALSE} o
teXt fO rm attln g xitalicized textx ; St

Takes text as

> blockquote
1. First item
2. Second item 24~ {r} -,
. . 15 image(volcano, col = viridis(209))
3. Third item 16
17
18 - ## Magma colors
- First item 19
' 20- "7 {r} 0
- Second item 21 image(volcano, col = viridis(20@, option = "A"))
~ ) i 22
Third item =
‘code’
e 0 Viridis Demo R Markdown @
i =0 |
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Deadly sins in Rmarkdown
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1. install.packages()

2. View()
3. Actual errors in the code




Coding issues
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First, don’t panic, take a step back. Then:

1. Check your code (missing parentheses, packages, stray
commas, etc.)

2. (Google the error message

3. Search on Stackoverflow or look on YouTube

4. Ask for help (from stackoverflow, friends, or your TA)




Further Resources

Statistical Modeling & Causal Inference - Oswald

Reminder of the basics -

A comprehensive guide to R:
RMarkdown: The definitive guide
For any coding issues -

Hertie’'s Data Science Lab -



https://tinyurl.com/y4tyfqmg

