
Causal inference

DS-UA 9201 – Fall 2022

Last updated 08/31/2022

Instruction Mode: Blended

Fall 2022

If you are enrolled in this course 100% remotely and are not a Go Local/Study Away student 
for NYU Paris, please make sure that you have completed the online academic orientation 
via Brightspace, so you are aware of site-specific support structure, policies, and procedures. 
Please contact nyu.paris.academics@nyu.edu if you have trouble accessing the Brightspace 
site.

Teaching staff information
Lecturer: Judith Abécassis

Office hours: Mondays 3-4pm, in Room 606

Teaching assistant: Élise Dumas

Prerequisites
The completion of DS-UA 112 Introduction to Data Science is mandatory.

The first week will be dedicated to reviews of the main probability and statistics used 
throughout the course, as well as an introduction to programming with Python.

Units earned
4 points

Course Details
● Lectures: Mondays and Wednesdays 4.30pm to 6:00pm
● Recitations: Mondays and Wednesdays 6:15pm to 7:15pm

1

SAMPLE SYLLABUS



● All times are Central European Time (Daylight Saving Time ends on October 31st at
3:00am).

● Location: Room 410.

● Remote Participants: Your instructor will provide you with the Zoom link via NYU
Classes.

● COVID-related details: In the interest of protecting the NYU Paris community, we are
closely following CDC (Centers for Disease Control) guidance around COVID-19 and
adjusting our recommendations and policies accordingly. Your health and well-being
are our top priority.

○ If you are attending in person, you will be assigned a seat on the first day and
are expected to use that seat for the entire semester due to NYU COVID-19
safety protocol. Please note that you are expected to attend every class
meeting in-person; however, this may change during the drop/add period if
in-person student registration increases significantly or at any point during the
semester if local COVID-19 regulations require additional physical distancing.

○ Additionally, in-person students will be split into cohorts who will attend
sessions [AS INDICATED HERE].

Course Description
Modern statistics and machine learning focus on discovering significant associations in the
data and leverage them to provide reliable predictions. However, in many areas (medical
applications, or to inform political decision for instance), the practitioner is interested in a
more complex question which is to estimate the effect of a particular action on an outcome of
interest.

This course will focus on how to reason about causality and make causal determinations
using experimental or observational data. It will begin by introducing the counterfactual
framework of causal inference and then discuss a variety of estimators to make inferences
about causal relationships from the data. For each approach, we will discuss the necessary
assumptions that a researcher needs to make, how to assess whether these assumptions
are reasonable, and finally how to interpret the quantity being estimated. Finally, we will
consider more complex settings to illustrate the variety of causal inference potential
applications.

The course will focus on the theoretical concepts of causal inference, but an important part of
the materials and exercises will be dedicated to practical application with real datasets. The
course will introduce scientific programming using the Python programming language.

Course Objective
At the end of this course, you will be able to

● Understand the motivations for causal reasoning
● Formulate a problem in a causal framework
● Estimate a causal effect in a variety of contexts (hypotheses and inference)
● Evaluate the robustness and validity of the obtained conclusions.
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Class organization and assessment

Lectures
Lectures will cover the main topics described in this syllabus. The lectures will be in hybrid
mode. You are expected to attend class in person or remote synchronously. Failure to submit
or fulfill any required component may result in failure of the class, regardless of grades
achieved in other assignments. Your active participation in class is strongly recommended.
The camera should be turned on for the duration of the course. Students are encouraged to
ask questions and engage in class activities and discussions.

Recitations
Exercises and programming activities will be offered during the recitations, in limited numbers
to allow more supervision from the instructor and the TA. We recommend that students
complete the exercises and ask any questions on the dedicated channel or during office
hours.

Online discussion
Students are encouraged to both ask and answer questions on this forum. Participation on
this platform will be considered when determining participation grades. The instructor and TA
will do their best to answer questions directed at them within 24 hours of posting during the
work week, but please understand that this may not always be possible, and some questions
may take longer to be answered.

Office hours
The instructor will be holding office hours every week. Students who cannot attend in-person
office hours for any reason are welcome to schedule an appointment (either in person or
virtual) with the instructor via email.

Evaluation
Students’ final grades are based on three components:

● Problem sets (35% of the course grade): Students will be assigned four problem
sets throughout the semester. Problem sets will primarily cover topics from the lecture
and section for that week and the previous week. Problem sets are designed to be
more challenging than both the midterm and final exams and we do not expect
students to perform perfectly on each problem set. Problem sets will be assigned on
Wednesdays and will be due two weeks later, on Tuesday (by 11:59pm).

● In-class midterm and take-home final exams (25% and 35% of the course grade
respectively): The midterm will be in-class during lecture time on October 19th and
will consist of questions on the course material so far. The final will be similar in
structure to the problem sets and is designed to evaluate your knowledge of the
course material. The final will be cumulative. Unlike the problem sets, students are
not permitted to collaborate with other students during either of these exams.
Collaboration during either of this exam will be treated as cheating. The teaching staff
will answer any clarifying questions in person during the midterms on the online
discussion board during the final. Exam times are firm. If a student thinks they are
going to miss either exam, they will have to submit documentation proving an
unavoidable and serious circumstances preventing them from taking the exam. Each
case will be handled separately by the teaching staff and different solutions might be
suggested for different cases. In the absence of such documented, serious
circumstances for missing either exam, students will receive a fail grade on the exam
that was missed. The final exam will be released on December 7th and will be due
by 11:59pm on December 15th.
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● Participation (5% of the course grade): Students are expected to take an active
role in learning and engage with the course. We will take a broad view of what
engagement means. Asking and answering questions during lectures and lab will
contribute to participation, but so will interactions on the online discussion board or
asking questions during office hours.

Problem set specific guidelines
Collaboration between students on the problem sets is strongly encouraged and highly
recommend that students discuss problems with each other via video conferencing or via the
course’s online discussion board. However, each student is expected to submit their own
write-up of the answers and any relevant code. Students may not copy each other’s
answers, including any Python code. Any sharing or copying of assignments is considered
cheating and will result in an F in the course.
Students should feel free to discuss any questions about the problem sets with the teaching
staff during sections and office hours. We also strongly encourage students to post questions
about both the problem sets and the assigned readings on the course discussion board and
respond to other students’ questions. Responding to other students’ questions will contribute
to your participation grade.
Problem sets will be distributed as PDF and Jupyter notebook files (.ipynb extension). You
should submit your answers and any relevant Python code in the same format: including a
Jupyter notebook file (.ipynb extension) and a corresponding exported .pdf file as your
submission. Jupyter notebook combines the text formatting syntax of Markdown markup
language with the ability to embed and execute chunks of Python code directly into a text
document. This allows you to present your code, graphical output, and discussion/write-up all
in the same document. We recommend that you edit the distributed Jupyter notebook file for
each problem set directly.
We understand that life can get in the way of coursework and students may be unable to
finish a problem set or do as well as they would have liked. Students are therefore allowed to
replace their lowest problem set grade by completing an optional extra credit assignment.
The assignment is to find a news article discussing a study that claims to find a causal effect,
find the underlying paper that the article cites, read it, and write a brief 500-ish word blog post
discussing the design of the study, whether the findings are persuasive, and what important
caveats or information from the paper (if any) you think the news article should have
mentioned. This assignment is designed to be very open-ended and to permit you to choose
any topic that you are interested in. It will be due on the last day of classes, December 7th.

Optional Textbooks & Materials
You may find the following books useful, however, these are not required for the course:

● Hernán, Miguel A. and James M. Robins. Causal Inference: What If. Chapman &
Hall/CRC. 2020. (PDF available)

● Imbens, Guido W. and Donald B. Rubin. Causal Inference for Statistics, Social, and
Biomedical Sciences. Cambridge University Press. 2010.

● Angrist, Joshua D., and Jorn-Steffen Pischke. Mostly Harmless Econometrics: An
Empiricist’s Companion. Princeton University Press. 2009.

Computing
This course will also serve as an introduction to scientific computing using the Python
programming language. This is a free and open source programming language that is
available for nearly all computing platforms. You can either download and install Python (we
will use the version 3.1O.6 and the most relevant packages (scipy, numpy, matplotlib,
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scikit-learn, JupyterLab, Pandas, Seaborn) preferably using the conda package manager
using miniforge. Alternatively, you can use Google Colab to run Jupyter Notebooks.
Seetting up your Python working environment is a valuable skill, but if you are a beginner in
programming and/or in Python, you may start with Google Colab, and tackle an additional
difficulty later in the semester. In any case, the teaching staff and the online discussion board
are helpful resources if you encounter any difficulty.

Grade corrections and regrading
All grading decisions made by the teaching team are intended to be final. In the unusual
circumstance that a student believes there has been an error in the grading for an
assignment, it will be possible to submit a regrade request through an online form that will be
made available in Brightspace. Regrade requests will be handled periodically by the teaching
team. The graded exercise in question will then be re-assessed in full by the grader, who will
make a final decision. Note that this implies that grades may also be lowered, following a
re-assessment. Additional regrade requests after this decision will not be possible.

Course Schedule
A tentative schedule of topics is provided below. This schedule is subject to change
depending on time, student interest, and how the class feels about the course’s pacing.

Week 1: Introduction & Statistics and probability review
Monday September 5th Introduction to course and Probability review
Wednesday September 7th Statistics review
Recitation Introduction to Python Programming

Week 2: Formulate and answer causal questions
Monday September 12th Introduction to Causation
Wednesday September 14th Identifiability assumptions
Recitation Introduction to data manipulation with Python

Week 3: Randomized experiments and contextual covariates
Monday September 19th Randomized experiments
Wednesday September 21st Treatment effect heterogeneity
Friday September 23rd – Make-up Day Stratification strategies
Recitation Identifiability assumptions on simulated and real data

Week 4: Graphical approach to causal inference and classical caveats
Monday September 26th Observational experiments
Wednesday September 28th Directed acyclic graphs
Recitation Confounding in practice
Problem Set 1 assigned on September 28th, due October 11th

Week 5: Weighting and Matching
Monday October 3rd The propensity score
Wednesday October 5th Matching
Recitation Compare weighting and matching approaches

Week 6: Regression-based methods
Monday October 10th From coefficient estimation to g-computation
Wednesday October 12th Doubly robust estimation
Recitation Compare regression-based estimators
Problem Set 2 assigned on October 11th, due November 2nd
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Week 7: Uncertainty in causal estimation
Monday October 17th Asymptotic theoretical variance estimation
Wednesday October 19th Empirical approaches to variance estimation
Recitation Compare the different uncertainty estimates encountered

Week 8: Midterm
Monday October 24th Variable selection for adjustment
Wednesday October 26th In-class Midterm
Recitation Let us draw DAGs!

Week 9: Instrumental variables
Monday October 31st No class
Wednesday November 2nd Instrumental variables: Motivation, assumptions, and estimation
Recitation No recitation (replaced by lecture)

Week 10: Regression Discontinuity Designs
Monday November 7th Regression Discontinuity Designs: Introduction and examples
Wednesday November 9th Regression Discontinuity Designs: estimators and inference
Recitation Regression Discontinuity Designs
Problem Set 3 assigned on November 9th, due November 22nd

Week 11: Difference in differences
Monday November 14th Difference in differences (part 1)
Wednesday November 16th Difference in differences (part 2)
Recitation Difference in differences

Week 12: Sensitivity analysis
Monday November 21st Sensitivity analysis in the linear case
Wednesday November 23rd Sensitivity analysis in more complex settings
Recitation Sensitivity analysis
Problem Set 4 assigned on November 23rd, due December 6th

Week 13: Causal mechanisms
Monday November 28th Causal mediation analysis
Wednesday November 30th Dynamic treatment regimes
Recitation Causal mechanisms

Week 14: Causal discovery
Monday December 5th Causal discovery from observational data
Wednesday December 7th Course conclusions and ethics considerations
Recitation Final practice

Week 15: Final exam
Released on December 7th, and due on December 15th 11:59pm
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Classroom Etiquette
Please make sure you read and acknowledge the information regarding this section on
the NYU Paris Resources site on Brightspace.

Your Lecturer
Judith Abécassis obtained a bachelor's degree in biology from the École Normale Supérieure
of Paris, and a master's degree in applied mathematics from École Normale Supérieure of
Cachan. She then received a PhD in Bioinformatics from the Université Paris Sciences et
Lettres in 2020. She participated in the Algorithmic Challenges in Genomics program
organized by the Simons Institute for the Theory of Computing (UC Berkeley, spring 2016).
During her PhD and Master studies, she taught diverse Data Science modules as a TA at
Lycée Henri IV, École des Mines and on the French MOOC platform OpenClassrooms. After
graduating, she pursued as a Postdoctoral researcher at Inria, and will start as a permanent
research fellow in the Inria team SoDa in October 2022. She joined NYU Paris as a data
science lecturer in September 2022. Her research focuses on the application of causal
inference to personalized medicine and its challenges: multi-source data integration,
high-dimensional data, complex data structure and missing data. Those methodologies can
encompass a broad domain of applications, ranging from oncology to neuroscience.

Academic Policies

Grade Conversion
Your lecturer may use one of the following scales of numerical equivalents to letter grades:

US Letter Grade US numerical French numerical

A 94-100 or 4.0 15-20 Excellent

A- 90-93 or 3.7 14 Very Good

B+ 87-89 or 3.3 13 Good

B 84-86 or 2.7 12 Good

B- 80-83 or 2.7 11 Satisfactory

C+ 77-79 or 2.3 10 Sufficient

C 74-76 or 2.0 9 Sufficient
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C- 70-73 or 1.7 8 Sufficient

D 65-66 or 1.0 5-7 Poor

F below 65 or 0 1-4 Fail

Attendance Policy
Studying at Global Academic Centers is an academically intensive and immersive
experience, in which students from a wide range of backgrounds exchange ideas in
discussion-based seminars. Learning in such an environment depends on the active
participation of all students. And since classes typically meet once or twice a week, even a
single absence can cause a student to miss a significant portion of a course. To ensure the
integrity of this academic experience, class attendance at the centers, or online through NYU
Brightspaces if the course is remote synchronous/blended, is expected promptly when class
begins. Attendance will be checked at each class meeting. If you have scheduled a remote
course immediately preceding/following an in-person class, you may want to write to
nyu.paris.academics@nyu.edu to see if you can take your remote class at the Academic
Center.

As soon as it becomes clear that you cannot attend a class, you must inform your professor
and/or the Academics team by e-mail immediately (i.e., before the start of your class).
Absences are only excused if they are due to illness, Moses Center accommodations,
religious observance, or emergencies. Your professor or site staff may ask you to present a
doctor's note or an exceptional permission from an NYU Staff member as proof.
Emergencies or other exceptional circumstances that you wish to be treated confidentially
must be presented to staff. Doctor's notes must be submitted in person or by e-mail to the
Academics team, who will inform your professors.

Unexcused absences may be penalized with a two percent deduction from the student’s final
course grade for every week's worth of classes missed, and may negatively affect your class
participation grade. Four unexcused absences in one course may lead to a Fail in that
course. Being more than 15 minutes late counts as an unexcused absence. Your professor is
entitled to deduct points if you frequently join the class late.

Exams, tests and quizzes, deadlines, and oral presentations that are missed due to illness
always require a doctor's note as documentation. It is the student's responsibility to produce
this doctor's note and submit it to site staff; until this doctor's note is produced the missed
assessment is graded with an F and no make-up assessment is scheduled. In content
classes, an F in one assignment may lead to failure of the entire class.

Regardless of whether an absence is excused or not, it is the student's responsibility to catch
up with the work that was missed.

Final exams
Final exams must be taken at their designated times. Should there be a conflict between your
final exams, please bring this to the attention of the Academics team. Final exams may not
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be taken early, and students should not plan to leave the site before the end of the finals
period.

Late Submission of Work
(1) Work submitted late receives a penalty of 2 points on the 100 point scale for each day

it is late (including weekends and public holidays), unless an extension has been
approved (with a doctor's note or by approval of NYU SITE Staff), in which case the 2
points per day deductions start counting from the day the extended deadline has
passed.

(2) Without an approved extension, written work submitted more than 5 days (including
weekends and public holidays) following the submission date receives an F.

(3) Assignments due during finals week that are submitted more than 3 days late
(including weekends and public holidays) without previously arranged extensions
will not be accepted and will receive a zero. Any exceptions or extensions for
work during finals week must be approved by Academic Affairs
(nyu.paris.academics@nyu.edu).

(4) Students who are late for a written exam have no automatic right to take extra time or
to write the exam on another day.

(5) Please remember that university computers do not keep your essays - you must save
them elsewhere. Having lost parts of your essay on the university computer is no
excuse for a late submission.

Academic Honesty/Plagiarism
As the University's policy on "Academic Integrity for Students at NYU" states: "At NYU, a
commitment to excellence, fairness, honesty, and respect within and outside the classroom is
essential to maintaining the integrity of our community. By accepting membership in this
community, students take responsibility for demonstrating these values in their own conduct
and for recognizing and supporting these values in others." Students at Global Academic
Centers must follow the University and school policies.

NYU takes plagiarism very seriously; penalties follow and may exceed those set out by your
home school. Your lecturer may ask you to sign a declaration of authorship form, and may
check your assignments by using TurnItIn or another software designed to detect offences
against academic integrity.

The presentation of another person’s words, ideas, judgment, images, or data as though
they were your own, whether intentionally or unintentionally, constitutes an act of
plagiarism. It is also an offense to submit work for assignments from two different
courses that is substantially the same (be it oral presentations or written work). If there is
an overlap of the subject of your assignment with one that you produced for another
course (either in the current or any previous semester), you MUST inform your
professor.

For guidelines on academic honesty, clarification of the definition of plagiarism,
examples of procedures and sanctions, and resources to support proper citation, please
see:
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NYU Academic Integrity Policies and Guidelines

NYU Library Guides

Inclusivity Policies and Priorities

NYU’s Office of Global Programs and NYU’s global sites are committed to equity, diversity,
and inclusion. In order to nurture a more inclusive global university, NYU affirms the value of
sharing differing perspectives and encourages open dialogue through a variety of
pedagogical approaches. Our goal is to make all students feel included and welcome in all
aspects of academic life, including our syllabi, classrooms, and educational activities/spaces.

Attendance Rules on Religious Holidays
Members of any religious group may, without penalty, excuse themselves from classes when
required in compliance with their religious obligations. Students who anticipate being absent
due to religious observance should notify their lecturer AND NYU SITE’s Academics Office in
writing via e-mail one week in advance. If examinations or assignment deadlines are
scheduled on the day the student will be absent, the Academics Office will schedule a
make-up examination or extend the deadline for assignments. Please note that an absence
is only excused for the holiday but not for any days of travel that may come before and/or
after the holiday. See also University Calendar Policy on Religious Holidays

Pronouns and Name Pronunciation (Albert and Zoom)
Students, staff, and faculty have the opportunity to add their pronouns, as well as the
pronunciation of their names, into Albert. Students can have this information displayed to
faculty, advisors, and administrators in Albert, Brightspace, the NYU Home internal directory,
as well as other NYU systems. Students can also opt out of having their pronouns viewed by
their instructors, in case they feel more comfortable sharing their pronouns outside of the
classroom. For more information on how to change this information for your Albert account,
please see the Pronouns and Name Pronunciation website.

Students, staff, and faculty are also encouraged, though not required, to list their pronouns,
and update their names in the name display for Zoom. For more information on how to make
this change, please see the Personalizing Zoom Display Names website.

Moses Accommodations Statement
Academic accommodations are available for students with documented and registered
disabilities. Please contact the Moses Center for Student Accessibility (+1 212-998-4980 or
mosescsd@nyu.edu) for further information. Students who are requesting academic
accommodations are advised to reach out to the Moses Center as early as possible in the
semester for assistance. Accommodations for this course are managed through NYU Paris.

Bias Response
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The New York University Bias Response Line provides a mechanism through which
members of our community can share or report experiences and concerns of bias,
discrimination, or harassing behavior that may occur within our community.

Experienced administrators in the Office of Equal Opportunity (OEO) receive and assess
reports, and then help facilitate responses, which may include referral to another University
school or unit, or investigation if warranted according to the University's existing
Non-Discrimination and Anti-Harassment Policy.

The Bias Response Line is designed to enable the University to provide an open forum that
helps to ensure that our community is equitable and inclusive.

To report an incident, please contact one of the following:

● Online using the Web Form (link)

● Email: bias.response@nyu.edu

● Phone (NY): +1 (212) 998-2277

● Office of the Director, NYU Paris: +33 1 53 92 50 80
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