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ECON 370: Data Science for Economic Analysis

Class meetings: MWF from 11:00 AM to 12:15 PM in 129 Schapiro
Instructor: Professor Pamela Jakiela (pj5@williams.edu

> Office hours: Mondays from 2:00 to 3:00, Thursdays from 3:00 to 4:00 in 339 Schapiro
Teaching Assistant: Lewis Schrock (1ps3@williams.edu), office hours TBD
Prerequisites: ECON 255 or STAT 346, ideally one other economics elective using data
Course websites:

> https://pjakiela.github.io/ECON370/ (course materials)

» https://www.gradescope.com/courses/1105402 (submitting assignments)
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Learning Objectives

® Developing advanced data skills, with a particular focus on identifying data new sources,
data cleaning and wrangling, exploratory data analysis, and data visualization

® Learning to implement new statistical methods (e.g. machine learning, text analysis)
which are increasingly being incorporated into the empirical economist’s toolbox, and
learning how these tools are used by economists for prediction and causal inference

® Honing the ability to master new empirical tools such as programming languages (e.g. R,
Python) and statistical methods (e.g. machine learning, text analysis) as they emerge

TLDR: how to be a super RA and/or be ready for grad school in quantitative social science
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What This Course Is About

® Working with data: finding data, cleaning and wrangling data, data visualization,
exploratory data analysis, dimension reduction and unsupervised learning techniques

® The machine/statistical learning tools used (the most) by economics:
» Shrinkage methods, particularly lasso, and the ML approach to covariate selection
» Using random forests and other ML techniques to capture treatment effect heterogeneity

® Text analysis: working with text, (simple) web scraping, word frequencies, topic models
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What This Course Is NOT About

Big data

Computation

Database management

Data science methods that are focused exclusively on prediction (see STAT/CSCI classes)
Traditional econometric approaches to causal inference (see ECON 379 and ECON 474)

Machine learning (or other statistical) techniques that are not used by economists

Economics 370: Data Science for Economics (Professor Jakiela) Getting Started 7



Stata vs. R vs. Python

ECON 255 is taught in Stata, and Stata is still by far the most widely used in by economists
® Many of the techniques we'll cover in this class can't be done in Stata (at present)
® Economics is shifting away from Stata, albeit slowly; not yet clear where we are heading
® Being able to get yourself up-to-speed in a new language is a (data science) skill in itself

® Familiarity with R or Python is not a prerequisite (as long as you know Stata)
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Stata vs. R vs. Python: Data from QJE and REStat
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Stata vs. R vs. Python: Data from AEA Journals
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R vs. Python

| plan to teach the course primarily in R, to the extent that | focus on a particular language
® R is (at present) the most widely used alternative to Stata in economics
® R is the dominant approach to statistical computing in statistics and political science
® R has better tools for data visualization (ggplot2 vs. matplotlib)
® Some economics-specific machine learning tools are only available in R
® But... Python has many, many uses beyond statistical computing
You should decide whether you want to focus your energy on R or Python, either is fine
® | would like you to end the course (somewhat) familiar with both languages
® Lab 1is in both R and Python (you will submit two versions)
® Labs 2 through 9 can be done in R or Python, with some exceptions
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Readings: Download This

Gareth James - Daniela Witten - Trevor Hastie
Robert Tibshirani - Jonathan Taylor

An Introduction

R hirani

An Introduction
to Statistical

to Statistical

Learming Learning

Second Edition
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Readings: Bookmark These for R

)

OREILLY"

Fundamentals
of Data
Visualization

A Primer on Making Informative
and Compelling Figures

OREILLY

R for Data
Science

Import, Tidy, Transform, Visualize,
and Model Data

%

. O,

5, o
%

R

Hadley Wickham

Elegant Graphics for Data Analysis

Hadley Wickham,
Mine Cetinkaya-Rundel

Claus O. Wilke Q Springer & Garrett Grolemund

Comattod ol
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Readings: Bookmark These for Python

O'REILLY &%

Python :

for Data Analysis

%
Data Wrangling with pandas, NumPy & Jupyter

Florian Heiss {
Daniel Brunner

Wes McKinney

Economics 370: Data Science for Economics (Professor Jakiela) Getting Started 14



Topic-Specific Readings Will Be Posted Online

ECON 370 1 Data

Readings
These are useful references as opposed to required readings.
R for Data Science: 7, 5, and 19

Intro to Data Science: 2, 4, 6

An Intro to Stats with Python: 2.1, 2.2, and 3.1

Source: The Economist

Instructor:

Pamela Jakiela Lecture

h Slides from Lecture 1
ome
syllabus

schedule

Lab
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Assignments: Labs

44 ECON 370 LAB 1: DATA CLEANING AND PREP
N

4 DATE.

it install packages / 1oad libraries as needed and load Libraries
48 you' 11 need ot least tidyverse for R, numpy and pandas for Python

44 specify your file path by defining mypath as the path to your working directory for this lab

#4# R suggestion: mypath <- “[YOUR FILE PATH TN QUOTES]"
Py et Ton mypath L TYOUR FILE PATH Th QUTES"

4 get the barro-lee data on educational attainment -

£ 1oad barro-lee educstionsl. ottaiment doto set fron o cov file
7 the barro 1ec ueb kg barretee.con/
o omond the o o the. . set on Education Attaimment for Populstion Aged 15 and Over (Total Population)
o the File should be called:  BLIOT3 WF1599 v2
1% Toad the dota 25 a 1bb1e or pondas dataframe catled bldsta

48 R suggestion: read_csv()
‘4 Python suggestion: mypath = pd.read_csv

## o many observations are in the data set? o many varisbles?
o hich variables are string (on character) varisoles

suggestions: din(), spec(), head(), summary()
T8 Pythen suggostions: pels; 4. infey 4 shape, 4fcolumns, . diypes

#2 define 2 neu cibble celled 612610 uhich only containg L deta fron 2010
% keep only the colums: BLeode, country, yn.ch, Wacode, region. code
e e S e et Notod e Yaotode, and vegin code. 2o b region

## R suggestion: use the pipe and the filter, select, and renane functions

40 Python suggestion:  df[0f[x1") ~ VALUE] Jellects 3 subset of the rous of datafrane df

Wi Python sugges! 91", x2', 'x3']] selects a subset of the colums of dataframe df
U8 Bython sogbestion: ranimn cslumns ith

48 df - de.renane(colum
w old v *new_var_nane’,
)

##t make a table/tibble sumarizing the average rate of educational attainment by region

2 sugestion: use groupby() and pipe Lo sumarize()
44 Python suggestion: use af.groupby().at

Economics 370: Data Science for Economics (Professor Jakiela) Getting Started 16



Assignments: Projects/Presentations

® Exploratory Data Analysis (EDA) project
® Treatment Effect Heterogeneity in Randomized Control Trials project

® Final project on a topic of your choice (text? unsupervised learning? new data?)
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Assignments and Grading

Lab Assignments

In-Class Worksheets + Optional Final Exam
Exploratory Data Analysis Project

Treatment Effect Heterogeneity in RCTs Project
Final Empirical Project

Class Participation in Lecture and Lab

Getting-to-Know-You Survey

45 points
10 points
7 points
12 points
21 points
4 points

1 point
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Presentations and Other Important Dates

Important dates are listed in the syllabus.
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ChatGPT

® The words, analysis tables, and figures/images you produce should be your own

> If the English words/sentences, tables, or figures that you submit can be found in published
articles, on the internet, or anywhere else, you do not receive credit for that lab/project
(as if you submitted an article to a journal but that article was already published elsewhere)

» You must always submit replication code that generates your tables and figures

® Generative Al is a powerful coding tool, and you should learn to use it
» | recommend handing it small coding tasks (e.g. turning a few lines of R code into Python)
> Make sure you understand each step in your final script (I may ask)

> It is always your responsibility to make sure that your code is correct, and that it runs
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> W

Next Steps

Install R and RStudio
Install Python
Create a gradescope account

Complete the getting-to-know-you survey

If you are new to R and/or Python, complete the Getting Started Activities
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RStudio: https://posit.co/download/rstudio-desktop/

1
2

3

i

s

6 ## libraries

8 ## if you have not already done so, install these packages

9 #install.packages("tidyverse")

10 #install packages("haven’) # to load data in Stata’s .da form
u

12 library(ridyverse)

13 Tibrary(haven)

1

I o fite patn

1

3 mpath < pasico
1

10w toad docy
20 urifile

v getamCuscme)

rs/", username, "/Oropbox/ECON-370/getting-started/s/")

5://ran. i thubusercontent. con/barro) ee/BarroL eepataset/naster/sLata/bL2013_MF1S99_y2.2.dta"
an< s

Data/BL2013_MFI599_v2.2. csv’

35 uneie barrolee/BarroL
5 e
T s
Come Tami st e
> o loa
S urifile < barrolee/BarroL. Data/BL2013 HF1599_2.2.dta"
W e aacori ey
s
> load s
S urifite < rolee/Barr Data/8L2013 MF159¢ dra
D e e
mm oty year sex agefron ageto " sch yr_schpri
1 Aigeria 1950 15 9% .298 0. o
1 algeria 1955 ur 15 9% 259 0. 0.728
1 Algeria 1960 M 15 999 323 0! 0.706
Tgeria 1965 uF 15 999 426 0. 0831
Algeria 1970 uF 15 999 365 0. 116
1 Algeria 1975 W 15 999 738 0! 150
Algeria 1980 ur 15 es 2 o Lo
1 algeria 1985 MF 15 999 si1 265
1 Algeria 1990 w 15 999 70 1 3l03
1 Algeria 1995 ur 15 es 12 347
more variables: yr_sch_sec <dbl>, yr_sch_ter <dbl>, pop <dbl>, Wecode <chr>, region_code <chr>

Tu = col_doubleO),
P P Pkt Ve Prssion

R Biotof ivariaoData -

bilo stats)

Biplot of Multivariate Data
Description

Plota bigoton the curent rapics device
Usage

biplot(x,

biplot(x, y, var.axes = TRUE, col, cex
bs = NULL, ylabs = WLL, expand = 1

WLL, ylis - WLL arrow.len
WALL, sub - WL, xlab -

‘“iddle €ast and North afr.

R Documenation

Arguments

x “The biplor, a fited object, For biplot.d

v

var.axes I ThuE

ol Ifasingl colouris

or boi sets. 4 ot

he st two coloursof the plete are used.
wo.

xaans
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https://posit.co/download/rstudio-desktop/

Python /Spyder: https://www.anaconda.com/download/success

C ]

DataFrame (1898, 20) Coluan names: Blcode, country, year, sex, agefrom, ageto, 1u, 1o, I,

e str

nunpy 2 mp

pandas =< pd
Statsmodels. formula.api 3¢ snf

o randen seea(24601)
nunclusters
obspercluster = 1
effect

pre—

pvals = np. full (loopnax, np.nan) S ——
ange(1, loopaax + o1
print(*Loop iteration: *, 1)
country pop Wac region_code

Algeria 1.0 Dz Middle East and

Rlgeria X Middle East and
By Algeria 1960 X Middle East and

Algeria 19656 . Middle East and N
Algeria 1970 Middle East and North Africa

e e Ao A
custerfect: . ranen: )
reatnent”] = np.uhere(datal d"] >= nuaclusters/2,
t(data. index. valucs, cbspercluster) . resetindex(dropeTrue)
= datal cLustefsect ] + efectedatal ‘treatment ] + np.randon.randn(numclusters*abspercluster)
ols - saf.o1s(’y data = data). fit()

PVALSL3] - os.prales. d1ocle] 1893 35810 Ukraine 1990, X Europe and Central Asia

1894 35810 Ukraine 1995, X Europe and Central Asia
Ukraine 2008 Europe and Central Asia
Ukraine 2605 Europe and Central Asia

signicican - ushere(puals < 005, 1, 9
358.0 Ukraine 2010 Europe and Central Asia

tlsignificant.mean()}

[1898 rows x 20 columns]
BL.dtypes

BLcode floates
country object
year. floates
object
agefron Floated
floates
floats2
1 floats2
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Next Week

1. Monday: lecture on data cleaning and exploratory data analysis
2. Wednesday: exploratory data analysis lab

2.1 Lab 1 due in R and Python by Thursday at 11:00 PM

3. Friday: lecture on dimension reduction and unsupervised learning
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