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Context & Motivation
Statistics

● Statistics is, by definition, applied to the real world (*)

● Statistics is about data, not just mathematical axioms

● Statistical techniques are highly domain-dependent

○ Physicists, biologists, and economists use very different approaches

Physics

● Physicists are trained with very strong mathematical foundation

● Physicists are experts at quantitatively modeling the real world

○ This is a key skill for many industry jobs

● We should train physics students with rigorous statistics
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Maybe except some
pure mathematical statisticians



“Statistical Methods in Experimental Physics”

● Previously, no dedicated statistics foundation course for physicists
○ Little bit in intro. lab courses

○ Advanced practical tutorial for astro. grad students

○ Otherwise rely on CS & Stats. department

● Primarily for advanced undergrads & junior grad students

● Co-developed and co-taught with Prof. Ariel Schwartzman (sch@slac.stanford.edu)

PHYSICS 166/266 @ Stanford
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Philosophy
● Theoretical foundation

○ Why/How does X work?

○ When does X not work? What approximations/assumptions?

○ E.g. “Why is Poisson ~ Gaussian for large N?”
or “Why is this called the 𝜒2 test statistic?

● Computational practice
○ Practice empowers students, gives them confidence, etc.

○ Necessary for research, job market, etc.

● Primary goal: training for future experimental physicists
○ With strong foundation, specific advanced techniques can be learned easily

(in specific research groups, with special topics courses, etc.)
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Design Consideration
● Prerequisites:

○ Most students come with some coding literacy

○ Solid foundation on multi-variable calculus and linear algebra

(exposure to Fourier transform is good, but not strictly necessary)

○ At least two years of undergrad physics

■ Conceptual understanding of QM

■ E.g. there is fundamental randomness in nature, there are discrete states

● 10 weeks total (quarter system)

○ 3 class meetings / week, 1 for Jupyter Notebook sessions (Google Colab)

● What this course is NOT:

○ Overview of all methods in current research

○ A course on machine learning
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Syllabus
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QR Code for Syllabus



Examples of Course Materials
JUPYTER NOTEBOOKS, HOMEWORK PROBLEMS / SOLUTIONS
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Introduction to Monte Carlo Methods (1/2)
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Introduction to Monte Carlo Methods (2/2)
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Sampling from Known Distributions
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Inverse 
Transform 
Sampling

Rejection 
Sampling



Model Fitting & Combining Measurements
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Replicate Nobel Prize Winning Discovery:
SNIa Evidence for Expanding Universe (1/2)
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Compare 
against 
Paper



Replicate Nobel Prize Winning Discovery:
SNIa Evidence for Expanding Universe (2/2)
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Replicate Nobel Prize Winning Discovery:
Higgs Boson Discovery in Diphoton Channel
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Results & Lessons Learned
STUDENT REVIEWS, INSTRUCTOR REFLECTIONS
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Overall Highlights from Student Reviews
Shamelessly cherry-picked 

● “How to do actual science. To be more specific, to be able to frame physics in a data-driven way 

and be able to extract meaningful results and see when results are not meaningful through 

various tools in probability and statistics. … Also, being able to deal with real data in problem sets 

and through the final project have given me a lot of applied skills in programming and data 

analysis that I am absolutely sure I'll use in the future.”

● “The class covers topics that every experimental physicist should know, especially if you haven't 

taken any stat classes. Also, if you're thinking about taking classes like CS 229 (Machine 

Learning), you should take this class before that.”

● “Classes and concepts are presented intuitively without losing mathematical formality.”

● “The course delves into the philosophy which motivates real-world physics and managed to make 

me (a theorist) appreciate experimental frameworks in an entirely new light.”
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More Specific Successes
Shamelessly cherry-picked 

● “I thought this (the basic probability) was absolutely necessary and helped me make 

sense of probability theory, even after having taken the introductory course at Stanford.”

● “Supernovae Evidence for Acceleration of the Universe -- this problem required the 

synthesis of a great number of skills we acquired over the course and made me feel like 

a capable statistics beginner in physics.”

● “... my absolute favorite (problems) were the ones where we could code things up and see 

how skills are applied in action.”

● “I enjoyed this class because it taught stats from a rigorous perspective.”
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Challenges & Remaining Tasks
Admittedly difficult issues 

● “How many hours per week on average did you spend on this course (including class meetings)?”

○ “One of the most time-consuming physics classes I've taken”

○ Nominally 3hrs / unit ⨉ 4 units = 12hrs

○ This is a very ambitious, heavy course…

● “for people who were not as familiar with coding as I was, some of the coding questions 

may have been a bit difficult”

○ Indeed! Major challenge if we were to deploy this material to a wider audience

● “The last few lectures were too fast.”

○ We often feel rushed towards the end, skipping/missing topics

● Instructor biases towards particles physics & astrophysics examples

○ Community feedback/input would be immensely helpful!
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Thank You!
Please come talk to me during breaks, unconference, and so on!

Sanha Cheong (sanha@stanford.edu)
Ariel Schwartzman (sch@slac.stanford.edu)
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