ECON 573
Machine Learning and Econometrics
FaLL 2023

Instructor: Andrii Babii
Time and Location: T and Th, 2:00 PM - 3:15 PM, Gardner - Rm 210
E-mail: andrii@email.unc.edu

Office Hours: Th 3:20 PM - 4:20 PM, Gardner 208C

Prerequisites

Econ 400, 410, 420, and 470 with a grade of C or higher.

Course description

Students will learn how to explore, visualize, and analyze high-dimensional datasets, build
predictive models, and estimate causal effects. The course introduces key concepts and tools
demanded in the business environment.

Examples of techniques include an advanced overview of linear and logistic regression,
model selection and regularization, LASSO, cross-validation, experiments, and causal infer-
ence, estimation of treatment effects with high-dimensional controls, networks, classification
and clustering, latent variable models, bagging and the bootstrap, decision trees and random
forests, textual analysis.

Students will learn basic underlying concepts and will build practical programming skills
in R. Heavy emphasis is placed on the analysis of actual datasets, and on applications of
specific methodologies. Examples may include consumer choice data, housing prices, asset
pricing, network data, internet and social media data, sports analytics.

This course meets the ”Research and Discovery” objective of the IDEAs in action
curriculum. Students immerse themselves in a research project and experience the reflection
and revision involved in producing and disseminating original scholarship or creative works.

Questions for Students:
1. How do I establish my point of view, take intellectual risks, and begin producing
original scholarship or creative works?

2. How do I narrow my topic, critique current scholarship, and gather evidence in sys-
tematic and responsible ways?

3. How do I evaluate my findings and communicate my conclusions?

Learning Outcomes:
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. Frame a topic, develop an original research question or creative goal, and establish a

point of view, creative approach, or hypothesis.

Obtain a procedural understanding of how conclusions can be reached in a field and
gather appropriate evidence.

Evaluate the quality of the arguments and/or evidence in support of the emerging
product.

Communicate findings in a clear and compelling ways.

5. Critique and identify the limits of the conclusions of the project and generate ideas for

future work.

Textbooks

1.

(BDS) Matt Taddy, Business Data Science: Combining Machine Learning and Eco-
nomics to Optimize, Automate, and Accelerate Business Decisions

(ISL) Gareth, Witten, Hastie, and Tibshirani, An Introduction to Statistical Learning.
The Python or R version of the book can be downloaded for free from https://www.
statlearning.com/.

Cunningham, Scott, Causal Inference: The Mixtape. Free version: https://mixtape.
scunning.com.

. Wes McKinney, Python for Data Analysis: Data Wrangling with pandas, NumPy, and

Jupyter.

Grolemund, Garrett and Wickham, Hadley. R for Data Science: Import, Tidy, Trans-
form, Visualize, and Model Data.

I strongly encourage you to read the relevant material before the class.

Recommended Reading

1.

Susan Athey and Guido Imbens. Machine learning methods economists should know
about, Annual Review of Economics, Vol. 11:685-725, https://arxiv.org/abs/
1903.10075.

Leo Breiman. Statistical modeling: the two cultures (with comments and a rejoinder
by the author). Statist. Sci., 16(3):199-231, 2001.

Matthew Getzkow, Bryan Kelly, and Matt Taddy. 7Text as data. Journal of Eco-
nomic Literature, 57(3):535-574, 2019.

Sendhil Mullainathan and Jann Spiess. Machine learning: an applied econometric
approach. Journal of Economic Perspectives, 31(2):87-106, 2017.
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Problem sets

There will be 5 problem sets over the course of the semester. Only 4 best will count towards
the final grade. Problem sets are independent work and not a group project. You should
hand in your assignments at the beginning of class the day they are due. Late problem
sets (but before graded problem sets are given back) will be marked down by 50% with no
exceptions.

Programming

Problem sets will involve data analysis using Python or R. These are two flexible, powerful,
and popular language and environment for statistical computing and graphics. You can
download and install one of the languages here:

1. R: https://www.r-project.org/. It is recommended to run R using the graphical
interface R Studio: https://rstudio.com/products/rstudio/.

2. Python: https://anaconda.com. It is recommended to run Python using Google
Colab: https://colab.research.google.com or Jupyter notebooks.

I do not assume that you have used Python or R in your previous class. I will provide some
in-class demonstrations, limited statistical instructions, and code to accompany lectures and
assignments. However, this is not a programming class. Programming languages can only be
learned by doing. You should install one of the languages as soon as possible and familiarize
yourself with basic operations.

Some useful resources:
1. ISL Labs at the end of each chapter.

2. YouTube tutorials, e.g., from Google Developers: https://www.youtube.com/playlist?
1ist=PLOU2XLYxmsIK9qQfztXeybpHvru-TrqgAP.

3. Ask ChatGPT: ”do X in Y”, where Y is Python or R. Be careful as usual with Chat-
GPT.

4. Web search: "do X in Y”, where Y is Python or R. You will often find answers on
https://stackoverflow.com/. Also ask me and your classmates.

Exam dates

1. Midterm: 10/24, Th (in class)

2. Research paper: 11/29, W

3. Research presentations: 11/30, Th and 12/5, T
4. Final: 12/12, T (9 AM, 3 hours)
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Tentative Schedule

# Date Topics Readings, Ch. Problem Sets
Posted Due

1 8/22 Big Data and Statistical Learning I BDS 0, ISL 1-2 PS1

2 8/24 Big Data and Statistical Learning II BDS 0, ISL 1-2

3 8/29  Regression I BDS 2, ISL 3

4 8/31 DATA (1:30 PM, Toy Lounge, Dey Hall)

4 9/7 Regression 11 BDS 2, ISL 3 PS2 PS1

5 9/12  Regression III BDS 2, ISL 3

6 9/14  Uncertainty BDS 1, ISL 5

7 9/19 Resampling methods BDS 1, ISL 5

8 9/21 Model selection BDS 3, ISL 6

9 9/26 Regularization I BDS 3, ISL 6 PS3  PS2

10 9/28  Regularization II BDS 3, ISL 6

11 10/3  Classification I ISL 4

12 10/5  Classification II ISL 4

13 10/10 Regression splines ISL 7

14 10/17 Local regressions ISL 7 PS4 PS3

15 10/24 Midterm exam

16 10/26 Regression trees, random forests, boosting I BDS 9, ISL 8

17 10/31 Regression trees, random forests, boosting II BDS 9, ISL 8

19 11/2  Factors BDS 7 PS5 PS4

20 11/7  Clustering I BDS 7, ISL 12

21 11/9  Clustering II BDS 7, ISL 12

22 11/14 Treatment effects I BDS 5-6

23 11/16 Treatment effects II BDS 5-6 PS5

24 11/21 Treatment effects I11 BDS 5-6

25 11/28 Networks, Deep Learning ISL 10, Slides

26 11/30 Research Project Presentation I

27 12/5  Research Project Presentation II
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Research project

For the research project, you will analyze an economic/business prediction or causal inference
question using methods learned in the course. You will write a paper, approximately 15
pages long, where you will explain the research question, data, methodology, and results.
One possibility is to focus on a prediction problem trying various techniques learned in this
class. Another possibility is to estimate causal effects. For the former numerous datasets
can be found at https://www.kaggle.com/datasets, which is an online community of data
scientists and machine learners. For the latter, you can find more examples on Sakai. There
will be oral presentations at the end of the course. The grade will be based both on the oral
presentation and the hard-copy of the paper.

Grading

Your final grade will be based on:

15% problem sets (4 best)
15% research project

30% midterm

40% final

There will be no make-up exam for the midterm. If you miss a midterm exam because of a
medical or family emergency, the final exam score will be 70% of your final grade.

Classroom Etiquette

To maintain a good learning environment for everyone, you must turn off all cell phones,
laptops, and other electronic devices during class.

Mask Use

This semester, while we are in the midst of a global pandemic, all enrolled students are
required to wear a mask covering your mouth and nose at all times in our classroom. This
requirement is to protect our educational community — your classmates and me — as we learn
together. If you choose not to wear a mask, or wear it improperly, I will ask you to leave im-
mediately, and I will submit a report to the Office of Student Conduct. At that point you will
be disenrolled from this course for the protection of our educational community. An exemp-
tion to the mask wearing community standard will not typically be considered a reasonable
accommodation. Individuals with a disability or health condition that prevents them from
safely wearing a face mask may seek alternative accommodations through Accessibility Re-
sources and Service. For additional information, see https://carolinatogether.unc.edu/.

Honor Code Statement

I expect all students to follow the guidelines of the UNC honor code. In particular, students
are expected to refrain from ”lying, cheating, or stealing” in the academic context. You can
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read more about the honor code at honor.unc.edu. In any course, including mine, what
constitutes cheating can change from one activity to another. For example, collaboration
may be encouraged for an assignment but qualify as cheating during an exam. Please see my
guidelines for each activity, and if you are unsure, please ask me to clarify.In remote classes,
there may be many temptations for using online exchange sites, such as Chegg. Note that
these sites provide names of students who have used their materials, and they routinely
cooperate with institutions around academic integrity issues. Please don’t get caught up
with honor code issues just because it appears to be simple and untraceable. It is not!

Attendance Policy

No right or privilege exists that permits a student to be absent from any class meetings,
except for these University Approved Absences:

1. Authorized University activities

2. Disability/religious observance/pregnancy, as required by law and approved by Acces-
sibility Resources and Service and/or the Equal Opportunity and Compliance Office
(EOC)

3. Significant health condition and/or personal/family emergency as approved by the
Office of the Dean of Students, Gender Violence Service Coordinators, and/or the
Equal Opportunity and Compliance Office (EOC).

Accessibility Resources and Services

The University of North Carolina at Chapel Hill facilitates the implementation of reasonable
accommodations, including resources and services, for students with disabilities, chronic
medical conditions, a temporary disability or pregnancy complications resulting in barriers
to fully accessing University courses, programs and activities.

Accommodations are determined through the Office of Accessibility Resources and Ser-
vice (ARS) for individuals with documented qualifying disabilities in accordance with ap-
plicable state and federal laws. See the ARS Website for contact information: https:
//ars.unc.edu or email ars@unc.edu.

Counseling and Psychological Services

CAPS is strongly committed to addressing the mental health needs of a diverse student
body through timely access to consultation and connection to clinically appropriate services,
whether for short or long-term needs. Go to their website: https://caps.unc.edu/ or
visit their facilities on the third floor of the Campus Health Services building for a walk-in
evaluation to learn more. (source: Student Safety and Wellness Proposal for EPC, Sep 2018)
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Title IX Resources

Any student who is impacted by discrimination, harassment, interpersonal (relationship)
violence, sexual violence, sexual exploitation, or stalking is encouraged to seek resources
on campus or in the community. Please contact the Director of Title IX Compliance
(Adrienne Allison — Adrienne.allison@unc.edu), Report and Response Coordinators in
the Equal Opportunity and Compliance Office (reportandresponse@unc.edu), Counsel-
ing and Psychological Services (confidential), or the Gender Violence Services Coordinators
(gvsc@unc.edu; confidential) to discuss your specific needs. Additional resources are avail-
able at safe.unc.edu.
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