Astronomy 382D: Astronomical Data Analysis
Fall 2021
Course Information
Unique Course Number: 48370
Meeting times: M/W 10:00-11:30 am
Classroom: PMA 15.216B
Course website: Canvas (canvas.utexas.edu)

Contact Information
Prof. Brendan Bowler

Department of Astronomy
Office: PMA 15.316
Email: bpbowler@astro.as.utexas.edu
Office hours: M/W 3-4 pm

Course Description
Interpreting astronomical observations begins with analyzing data. From optimally extracting a
stellar spectrum to constraining cosmological models, data analysis lies at the heart of all aspects
of astronomy. The goal of this course is to provide a practical guide to analyzing astronomical
data. Topics will include applied probability theory, parameter estimation, Bayesian statistics,
maximum likelihood methods, model fitting, and Markov chain Monte Carlo sampling. Students
will work with a variety of real astronomical datasets to develop experience and skills for
research. Requires graduate standing or consent of the instructor.
Course-Level Learning Objectives:
The primary aim of this course is to establish a strong foundation of knowledge and techniques
used to interpret datasets that are common in astronomy. After taking this course, you will be
able to:
• Establish whether two quantities are related to each other and how to quantify any
correlation.
• Construct likelihood functions for a wide range of data encountered in astronomy.
• Determine whether periodic signals are present in your time series observations.
• Quantify the degree of certainty that a model parameter lies within a given interval.
• Summarize the properties of common probability distributions encountered in astronomy
and the context in which they appear.
• Assess how, when, and under what conditions to use parametric versus non-parametric
models.
• Select which among multiple models is justified by the data.
• Determine whether systematic errors may be present in your data, and decide how to deal
with them.
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Prerequisites: Graduate standing or consent from instructor. Students are expected to be
proficient in a programming language of their choice (e.g., Python, IDL) to plot data, graph
functions, and carry out other computational tasks. Students should also have a strong grasp of
calculus and mathematical modeling.

Textbooks and Materials
•
•

•

Required: We will use Data Analysis for Scientists and Engineers by Edward L. Robinson
(Princeton University Press, 2016) as the primary reference for this course.
Textbook readings will be supplemented with journal articles and review papers. Access to
major scientific journals in Astronomy is required. These are available online when
accessing the Astrophysical Data System or publishers’ websites through UT. PDFs of
these publications will also be posted to Canvas.
Laptop and familiarity with a programming language to create plots and carry out
computational exercises in class. I recommend Python 3 for this, although any language of
your choice is fine. Please contact me if you have questions or if you don’t have a laptop
readily available.

Below are additional references that may be helpful if you would like supplementary material:
• Sivia, Data Analysis: A Bayesian Tutorial (2nd ed.), 2006
• Wall & Jenkins, Practical Statistics for Astronomers (2nd ed.), 2012
• Ivezic, Connolly, VanderPlas, Gray, Statistics, Data Mining, & Machine Learning in
Astronomy (Updated ed.), 2019
• Press, Teukolsky, Vetterling, Flannery, Numerical Recipes (3rd ed.), 2007
• Feigelson & Babu, Modern Statistical Methods for Astronomy, 2012
• Gelman, Carlin, Stern, Dunson, Vehtari, & Rubin, Bayesian Data Analysis (3rd ed.), 2013
• Hilbe, de Souza, & Ishida, Bayesian Models for Astrophysical Data, 2017

Online Information and Expectations
This course is scheduled to be taught in hybrid mode. Here is the definition from the
Registrar’s office:
Hybrid Class (Hybrid/Blended Course) - A hybrid class utilizes both online and in-person
experiences. A hybrid class is one designed for the instructor and students to meet in person part
of the time and online other times.
Because of the severity of COVID case counts in August 2021, for everyone’s safety this course
was approved for a change to online modality until Sep 17, 2021. After that we are expected to
revert to the original hybrid mode. I will provide more details about what this will entail for this
course in September.
I realize this may be disappointing to some of you—I was certainly looking forward to teaching
in person—but I will make sure your learning experience will be at the same high standard as it
would otherwise be while we are online. Throughout this semester I will make sure that our
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collective safety is prioritized. Remember that vaccines and masks are an extremely important
and effective tool to prevent the spread of COVID-19; I ask that you please adhere to CDC
guidelines for everyone’s well being.
Classroom Safety and COVID-19
This is a science classroom and I strongly recommend that we follow the guidance of local
public health officials and the CDC. Wearing a mask indoors is strongly encouraged, even if you
are vaccinated, especially while Austin is in Stages 3 or higher, as masks efficiently reduce the
spread of COVID 19. To help preserve our in person learning environment, the university
recommends the following:
• Adhere to university mask guidance and follow the recommendations of the CDC. Our class

will be the most successful if we all protect and respect each other and wear a mask.
• Vaccinations are widely available, free and not billed to health insurance. The vaccine will

help protect against the transmission of the virus to others and reduce serious symptoms in
those who are vaccinated. The vaccines are safe, and effectively prevent against severe illness
from COVID-19.
• If you are experiencing any symptoms of COVID-19, please follow university guidelines here:

https://healthyhorns.utexas.edu/coronavirus_exposure_action_chart.html, including getting
tested. If you test positive, you should isolate yourself at home. Contact the Behavior
Concerns and COVID-19 Advice Line (BCCAL) to report your positive result. BCCAL can
also assist you with isolation options, class absence notification or other support and if you
find out that you have a positive test for COVID-19.
• If you are experiencing any symptoms of COVID-19 do not come to class in person. If you

are well enough to attend via zoom, please do.
• Proactive Community Testing remains an important part of the university’s efforts to protect

our community. Tests are fast and free, and I recommend testing at least once weekly.
• Visit protect.utexas.edu for more information.

Online Expectations
The Zoom link for this class can be accessed via the Canvas course homepage. My goal is to
keep the course as similar as possible to the in-person version of AST382D. Group activities
will be conducted using Breakout Rooms. Active, engaged participation from students is
extremely important! This is especially true in an online environment. You are expected to
participate in group discussions, work through problems yourself and in groups, and avoid
distractions during class.
Expectations for students in an online environment:
• All classroom norms apply when in a Zoom session. If you wouldn’t do something in a
physical class setting, don’t do it in a digital classroom. Please dress in the same attire you
would in a university classroom.
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•
•
•

•
•
•

•

Find a quiet work station with good lighting.
As for an in-person class, do not browse the internet, email, or social media during class.
I would prefer for cameras to be turned on during the entire class period so I can see
everyone while I teach. If this is problematic for any reason, please contact me so we can
find an alternative solution.
Students should remain muted while the instructor or classmates are speaking.
During lecture, students must use the Response Icon to raise hands.
Breakout Room discussions should be structured and on topic. Take turns sharing ideas
without any single person dominating the discourse. The instructor will be dropping in at
random to listen in, promote the discussion, and answer questions.
Students are welcome to use appropriate digital backgrounds. If no digital Zoom background
is used, please be sure there is nothing inappropriate in the background.

Class Recordings: Classes may be recorded only by the instructor. Class recordings are
reserved only for students in this class for educational purposes and are protected under FERPA.
The recordings should not be shared outside the class in any form.

Course Requirements
This course is organized following evidence-based teaching practices that are designed to
improve student understanding as well as long-term retention of the material. Students are
expected to read the textbook chapters and journal articles ahead of class following the course
schedule listed in Canvas. An outline of topics we will cover is included at the bottom of this
syllabus. (These may be subject to modification throughout the semester). Selected topics will
then be reinforced through lectures and discussions in class.
This class will consist of lectures, exercises, and guided activities. Learning assessments will be
made through homework, take-home programming projects, and short in-class presentations.
Homework: Homework assignments will be made available at least two weeks before they are
due. There will be two assignments during the semester. Each assignment will count for 20% of
the final grade, or 40% altogether.
Programming projects: There will be two programming assignments in this course. These will
be made available at least two weeks before they are due. Students will be required to submit
not only their results, but also a printed copy of the code they wrote. Each assignment will count
for 20% of the final grade, or 40% altogether.
For an introduction to Python, I recommend the free textbook Python for Astronomers: An
Introduction to Scientific Computing by Pasha and Agostino (https://prappleizer.github.io/
textbook.pdf). Interactive tutorials can be found here: https://prappleizer.github.io.
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In-Class Participation and Short Presentations: This class will be structured with a
combination of shorter lectures as well as interactive lessons and activities. These in-class
exercises are an important part of the course, so attendance and active participation is very
important. The interactive material and discussions are intended to reinforce the concepts in the
class and assist you in completing your homework assignments.
Twice during the semester students will be given assignments that involve searching the
astronomical literature, reproducing the analysis of a paper, and presenting a short (~5-7 min)
summary of the results to the class. Details about each assignment will be given at least two
weeks before the presentation date.
Presentations and a written summary of the associated work will make up 20% of your total
grade.
There will be no tests or final exam for this course.

Course Policies
Communication:
• The course webpage on the Canvas system will be updated with announcements,
supplementary resources, and deadlines. It is your responsibility to check Canvas daily. I
recommend setting up email alerts to be notified when I send messages or post assignments.
You may also wish to download the mobile app.
• It is also your responsibility to keep track to the administrative deadlines related to the course,
for example add/drop dates and Pass/Fail credit deadlines.
• Email is recognized as an official mode of university correspondence. You are responsible for
reading your email for both university and course-related information. Please check your
email daily.
• All questions related to this course should be directed through Canvas. Please consult this
syllabus for answers first!
Courtesy and use of electronics:
• You are expected to arrive to class on time. Out of consideration to me and your fellow
students, do not leave class early unless you have talked to me in advance.
• Phone use, social media, and texting during lecture or activities is not permitted. Please make
sure your phones are silenced before class begins.
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Travel:
• As part of my duties as faculty, I may be required to travel during the semester. I will do my
best to minimize the impact of this travel and maintain communication while away. When I
am gone, I will either cancel class for that day or another UT astronomer will lead the class in
my place.
Syllabus Changes:
• I reserve the right to make changes to the syllabus and class schedule, if necessary. If any
changes are made they will be announced through Canvas and new versions will be uploaded.

Policy on Deadlines
Missing Homework or Programming Project: Late homework and projects will not be
accepted. If you do not complete an assignment for emergency reasons, contact me by email
within three days of the due date of the assignment. In some situations, late assignments may be
accepted at my discretion, but documentation will generally be required.
Missing Presentations: If an emergency or personal event occurs which causes you to miss one
of the presentations you are signed up for, you must arrange to switch with someone else and
notify me at least 2 days beforehand. If the emergency occurs within 2 days of the presentation
and you contact me prior to the start of class, I will work with you to schedule a time to make it
up. Documentation will generally be required. If this emergency is COVID-related, I will be
very flexible about making up missing work.
Emergencies and University Closings: If an emergency occurs (for example, a death in the
family or hospitalization) that influences your performance in the class, you must contact me as
soon as possible and provide documentation within one week. I will work with you to schedule a
new deadline for homework and projects you missed.

Grading
This class will not be graded on a curve unless I decide to do so after the course has ended. Final
grades will be assigned based on the following breakdown:
Homework (40%)
Programming projects (40%)
Presentations and associated work (20%)

87.00% ≤ B+ < 90.00%
77.00% ≤ C+ < 80.00%
67.00% ≤ D+ < 70.00%

93.00% ≤ A ≤ 100%
83.00% ≤ B < 87.00%
73.00% ≤ C < 77.00%
63.00% ≤ D < 67.00%
F < 60%
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90.00% ≤ A- <93.00%
80.00% ≤ B- < 83.00%
70.00% ≤ C- < 73.00%
60.00% ≤ D- < 63.00%

Academic Dishonesty
The University of Texas Honor Code: The core values of The University of Texas at Austin are
learning, discovery, freedom, leadership, individual opportunity, and responsibility. Each
member of the university is expected to uphold these values through integrity, honesty, trust,
fairness, and respect toward peers and community. Students who violate University rules on
scholastic dishonesty are subject to disciplinary penalties, including the possibility of failure in
the course and/or dismissal from the University. Standards for Academic Integrity are posted at
http://deanofstudents.utexas.edu/conduct/index.php
Plagiarism: The University of Texas at Austin takes plagiarism very seriously. This applies to
programming projects as well as homework questions. You may read more about plagiarism at
the Student Judicial Services website: http://deanofstudents.utexas.edu/conduct/
academicintegrity.php
The minimum penalty for cheating is receiving a zero on the assignment on which you cheated. I
reserve the right to seek a penalty I deem appropriate for the given case of academic dishonesty,
including failing the class and being reported to Student Judicial Services. For more
information, read in the General Information Catalog about scholastic dishonesty (i.e. cheating).

Students with Disabilities
Please notify me of any modification/adaptation you may require to accommodate a disabilityrelated need. The University of Texas at Austin provides upon request appropriate academic
accommodations for qualified students with disabilities. For more information, contact Services
for Students with Disabilities (SSD) at (512) 0471-6259 (voice) or (512) 232-2937 (video phone)
or http://diversity.utexas.edu/disability/. If you request academic accommodation for a disability,
please provide appropriate documentation from the SSD Office at the beginning of the semester.

Mental Health Services
Graduate life can be challenging and stressful. Diminished mental health, including significant
stress, mood changes, excessive worry, or problems with eating and/or sleeping can interfere
with optimal academic performance. Similarly, problems with relationships, family worries,
loss, or a personal struggle or crisis can also contribute to decreased academic performance.
UT Austin’s Counseling and Mental Heath Center (https://cmhc.utexas.edu; 512-471-3515)
provides mental health services to support the academic success of students. This includes
counseling services, wellness workshops, free and confidential therapy groups, and general
information. I encourage you to browse their website and actively seek support if you’re
experiencing any of these difficulties.
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Harassment and Assault
Harassment of any sort will not be tolerated in this classroom or related workspaces. Title IX
makes it clear that violence and harassment based on sex and gender are Civil Rights violations
subject to the same kinds of accountability and the same kinds of support applied to offenses
against other protected categories such as race, national origin, etc. If you or someone you know
has been harassed or assaulted, you can find the appropriate resources through the University
Title IX Coordinator (512-232-3992), UT Austin Campus Police (512-471-4441), the Student
Ombuds Services (which can provide confidential advice, resources and help; 512-471-3825),
and the UT Counseling and Mental Health Center (512-471-3515).

Diversity, Equity, and Inclusion
Astronomy belongs to all people, independent of race, religion, gender, gender identity, gender
expression, or sexual orientation. Incidents of discrimination, assault, harassment, threats,
intimidation, profiling, or coercion based on membership or perceived membership will not be
tolerated.

Students with Children
I recognize the difficulty of being a full time student with children. If you have children, or other
family commitments, please come see me to discuss any modifications of the course policies
which will maximize your success in this course.

Course Schedule*
Week
Week 1

Topics

Data Analysis**

Course overview
Chapter 1—Probability

Weeks 2-3

Probability and Combinatorics

Weeks 3-4

Probability Distributions

Weeks 5-6

Bayesian Statistics

Weeks 7-8

Maximum Likelihood and Model Fitting

Chapter 5—Linear Least Squares
Estimation

Weeks 9-10

Markov chain Monte Carlo

3.5—Markov Chain Monte Carlo
Sampling

Weeks 11-12

Time Series Analysis

Chapter 9—Analysis of Sequences:
Power Spectra and Periodograms

Weeks 13-15

Miscellaneous Topics

TBD

Chapter 2—Some Useful Probability
Distribution Functions
Chapter 7—Bayesian Statistics

* Subject to minor changes
** Data Analysis for Scientists and Engineers, Edward L. Robinson, Princeton University Press

-8 -

