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Active Learning at Cornell

• Cornell University is encouraging Active Learning Initiatives (ALI)
and better pedagogical approaches.

• The Center for Teaching Innovation has grants for ALI that are
funded through the university and a private donation.

• The Math department has held two ALI grants.

• Cornell just celebrated 10 years of ALI.
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Active Learning in Math
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Many more faculty and graduate students have contributed to ALI.
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Active Learning Lecturer in Math

My two main goals as ALI lecturer were:

• Increase student engagement during class time.

• Add some assessment that is more representative of Math in
2023.
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Active Learning in Math

• There are at least 1400 students enrolled in Math ALI courses
yearly.

• We have created a bank of materials with instructions to teach
with AL.

• Instructors can choose how much they want to use, our broad
goal is to increase student engagement during class time.

• This talk will focus on Linear Algebra (LA), but we have materials
for a wide range of courses.
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Linear Algebra at Cornell

• We have redesigned two Linear Algebra courses MATH 2210 and
MATH 4310.

• Our LA course with largest enrollment is MATH2940 Linear
Algebra for Engineers, it is trickier to change that course.

• There are a few more specialized LA courses.

• Enrollment has been up in all LA courses.
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MATH 2210

• Often the first math course math majors will take.

• Introductory LA with computations and light proofs.

• 4 sections in the fall and 2 in the spring, about 60 students per
section.

• Common assessment for all sections.

6/52



MATH 4310

• Mostly third and fourth year students.

• Students are advised to take the honors version if they want to
go to grad school in math.

• Econ, CS and math with CS concentration majors.

• Proof based LA over general fields.

• 45 students in the fall, 60 in the spring with 2 sections.

• In the past the course had only been taught with lectures.
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MATH 2210 - ALI

• Switched to a free open source textbook.

• Created a companion notebook for instructors and students
that includes polling questions and in-class group activities.

• Application workshops in discussion and projects.

• Programming demonstrations using MATLAB.

• The course has gone through 6 semesters under the restructure.

• The new materials have been successful both online
(synchronous) and in person.
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MATH 2210 - Textbook

• Linear Algebra with Applications by W. Keith
Nicholson.

• Accessible through the Lyryx website, free to
share and adapt.

• Was formally a published textbook, has good
exercises.
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MATH 2210 - Notebook

• Notes that align with the textbook but with different examples.

• They contain partial definitions and theorem.

• Examples and proofs are left blank for in-time completion.

• The notes contain polling questions and group activities.
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MATH 2210 - Polling
For in person classes we have been using low-technology polling.
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Polling Example - 1

How do you feel about using Active Learning in your courses?
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Notebook - Blanks
The blanks, make instructors slow down.
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Polling Example - 2
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Notebook - Group Work 1
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Notebook - Group Work 2
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Notebook - Group Work 3
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Workshops

• Students have weekly discussion sections (tutorials).

• We recommend using 5 of these for workshops.

• There is a bank of guided worksheets on various topics.

• Some instructors have students submit the workshops and
grade them (on completion).

• Some write follow up homework problems.

• Workshop material is fair game on test.
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Topics
• 1.2 Polynomial Interpolation
• 1.3 Balancing Chemical Reactions
• 2.2 Markov Chains
• 3.1 Polygon Area
• 3.2 Lights Out
• 3.3 Complex Eigenvalues
• 3.3 Graphs
• 3.3 Linear Recurrences
• 5.4 Hamming Codes
• 5.6 Curve Fitting
• 6.2 Abstract Algebra
• 6.2 Group Representations
• 6.3 Enchanted Squares
• 6.4 Integration 19/52



Curve Fitting
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Curve Fitting
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Curve Fitting
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Lights out!

https://www.logicgamesonline.com/lightsout/
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Projects

• Students complete two application project as well as a
reflection essay.

• Each project required students to choose a topic to look into
and come up with their own data/information.

• We can expect 260 students in the course.

• This was a first for math at Cornell, only small upper level
courses do projects.

• We have a bank of 6 projects.
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Projects - Topics

Topic Semesters Textbook Section
Simplex Algorithm Fa21 1.2 Gaussian Elimination
Markov Chains Fa20, Sp21 2.2 Matrix-Vector Multiplication
Eigenvector
Centrality

Sp21 3.3 Diagonalization and Eigenvalues

Networks and
Fiedler Sets

Fa20, Fa21,
Sp22, Fa22

3.3 Diagonalization and Eigenvalues
Loops in Directed
Networks

5.4 Rank of a Matrix

Curve Fitting Sp22 5.6 Best Approximation
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Project 1: Markov Chains

• Students had to find probabilistic data and study a situation
with at least three states.

• Individuals need to be capable of going from a state to another
and the states must be disjoint.

• Students had worked on examples in discussions: Zombie
apocalypse (human, zombie, dead) and Google Page Rank.

• Part of their work was to describe limitations of their results.
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We give the rubric with the instructions
Out of 10 points

2 points Presentation: the work is clearly presented and under
two pages.

2 points The transition matrix is correct, with explanations.

1 points Correct calculations and description from the initial
state.

2 points Correct work finding the steady state vector and
interpretation.

3 points A conclusion is present and shows a good analysis. 27/52



Sample Projects
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Sample Projects
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The most popular topics
What topics do students choose when given freedom in a math
project?
• 22 projects on COVID-19

• 15 projects on Elections

• 14 projects on the weather

• 7 projects on income mobility

• 6 projects on stock prices

• 6 projects on alcohol disorders
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Some more original ones
What topics do students choose when given freedom in a math
project?
• Sleep cycle of mice

• Genetics of being a red head

• Evolution stages of the milky way

• Smart phone brand retetention

• Mario Kart

• Career progression of government officials
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Project 2: Graph Theory

• We have two different versions:

• Eigenvector centrality.

• Fiedler set.

• Students must come up with their network and do some
analysis using matrix calculations.

• Their graph must have 6 to 15 nodes.

• They are encouraged to use software for calculations (Wolfram
Alpha, Symbolab, Julia).
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Tarantino Movies
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European Railway System
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Color
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Math 2210 - Code Demos
Alex Townsend developed MATLAB demonstrations on the following
topics:

• Introduction to Linear Systems

• Polynomial Interpolation

• Balancing Chemical Reactions

• Linear Systems with Multiple Right Hand Sides

• Column Row Major Ordering

• Multiplying a Vector by a Matrix Product

• Finding Roots via Eigenvalues

• Compressing Flags

• Singular Value Decomposition for Image Compression
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MATH 4310 - ALI

• Creation of in-class worksheets.

• Video assignment.

• Project:

• Pick a scientific article, summarize it and reflect on it.
• We allowed group submissions.

• The course is going through its third iteration of the restructure.
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MATH 4310 - Worksheets

• Between 30% to 50% of class time is spent on worksheets.

• When possible we try to have the students come up with the
results (IBL).

• They have taken LA before and they are expected to be
comfortable with proof writing.

• We are using Linear Algebra Done Right by Sheldon Axler (free
access through the library).

• Book only works over C and R, we made sure to include Z/nZ
(andQ). 38/52



Definition of a field
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Instructor Notes
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Instructor Notes
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Direct Sums
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Inner Products

43/52



Math 4310 - Video Assignment

• Worth 5% of their grade, graded on reasonable completion.

• Students could work in groups of up to 3.

• Record 5-10 min video solution to a homework problem.

• Students had to sign up for the problem they would record a
solution.

• Videos needed an audio and visual component.

• They were not graded on the correctness of the solution for the
video part.
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Math 4310 - Project

• Worth 5% of their grade.

• They were given the rubric with the instructions.

• They had to find a scientific article that uses linear algebra and
summarize it.

• Group submissions were allowed, project were to be at most of
length n+ 1.

• Half the submissions we on machine learning.
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Group Activity

In your breakout rooms:

• Think of how you could incorporate projects, in a self-guided
way.

• Students should have some freedom choosing a topic.
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ALI - Other Courses

Under both grants, the following courses have been transformed:

• Math 1106, Modeling with Calculus for the Life Sciences.

• Math 1110, Calculus I.

• Math 1300, Mathematical Explorations.

• Math 3040, Prove it!
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Math 1106

• Changed from Calculus for the Life and Social Sciences to
Modeling with Calculus for the Life Sciences.

• Using the textbookModeling Life by Garfinkel, Shevtsov and
Guo.

• Only offered in the Spring, two sections of about 115 students.

• Existing class and recitation materials.

• Class time recently changed from 2 to 3 hours a week, we will
readapt materials this summer.
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Math 1110

• Materials exist for flipped classes, that is pre-class activities and
worksheets.

• Our first year using the textbook Active Calculus by Matthew
Boelkins.

• Taught in sections of roughly 30 students.

• Focus is on concepts and explanations.

• Homework is a mix of WeBWorK and a few problems where
writing is an important part of the answer.
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CALMWebsite

https://e.math.cornell.edu/sites/activelearn/index.html
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Thank you for listening.
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