
Visual Algebra
Lecture 0.1: What is Visual Algebra all about?

Dr. Matthew Macauley

School of Mathematical & Statistical Sciences
Clemson University
South Carolina, USA

http://www.math.clemson.edu/~macaule/

M. Macauley (Clemson) Lecture 0.1: What is Visual Algebra all about? Visual Algebra 1 / 14

mailto:macaule@clemson.edu
http://www.math.clemson.edu/
http://www.clemson.edu/
http://www.math.clemson.edu/~macaule/
mailto:macaule@clemson.edu


A Cayley graph (Chapter 1)
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A brief (incomplete) history of Visual Algebra

1964 Grossman and Magnus publish Groups and Their Graphs.

2002 Douglas Hofstadter teaches Visual Group Theory & Galois Theory at Indiana.

2009 Nathan Carter publishes Visual Group Theory (VGT). I meet him at MathFest.

2010 I first teach Modern Algebra at Clemson using VGT.

2016 I record 43 lectures on VGT.

2016 Dana Ernst writes An Inquiry-Based Approach to Abstract Algebra.

2019 I start writing Visual Algebra.

2024 I start re-recording a new Visual Algebra YouTube series.
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New Visual Algebra recording studio!
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Visual Group Theory vs. Visual Algebra YouTube playlists

Visual Group Theory (2016)
43 lectures

1 semester undergraduate algebra, following Nathan Carter’s book (supplemented)

Visual Algebra (2025)
≈ 100 lectures

2+ semesters of undergraduate algebra, following my Visual Algebra book

Or. . . 1+ semester of graduate algebra. (Abridged version of Ch 1–4, coming soon!)

A list of terms original to my book and video series

A “group switchboard”

Blue vs. red cosets

Shoebox diagrams

Pizza diagrams

Semiabelian group

Diquaternion group

Moderately and fully unnormal

Moderately and fully uncentral

G -set posets

Maximal central ascents & descents

Chutes and ladders diagram

The crooked ladder theorem

(Annotated) subring lattices

Ideal class group lattices
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Visual Algebra topical outline

Table of contents
Chapter 1: Groups, intuitively

Chapter 2: Examples of groups

Chapter 3: Group structure

Chapter 4: Maps between groups

Chapter 5: Actions of groups

Chapter 6: Extensions of groups

Chapter 7: Universal constructions

Chapter 8: Rings

Chapter 9: Domains

Chapter 10: Fields

Chapter 11: Galois theory

Visual Algebra courses that I teach
Undergraduate Algebra 1: Chapters 1–5, half of Chapter 8.

Undergraduate Algebra 2: Chapters 8–9, Chapters 6–7, Parts of Chapters 10–11.

Graduate Algebra 1: Chapters 1–9.
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Visual Group Theory vs. Visual Algebra YouTube series

New topics in Visual Algebra (by Chapter)

Semidirect products (2,4)

Central products (4)

Cayley graphs on polytopes (2)

Free & transitive G -sets (5)

Fixators (5)

Orbit counting theorem (5)

Inner and outer automorphisms (5)

Action equivalence vs. equivariance (5)

Groups extensions (6)

Simplicity of An (6)

Short exact sequences (6)

Composition series; Jordan-Hölder (6)

Composition series (6)

Nilpotent groups (6)

University properties (7)

Basic category theory (7)

Products and coproducts (7)

Free groups & free products (7)

Group presentations formalized (7)

Zorn’s lemma (8)

Primary ideals (8)

Nil and Jacobian radials (8)

Rings & fields of fractions (8)

Ideal class group (9)

Sunzi remainder theorem (9)

Hilbert’s basis theorem (9)

Cyclotomic polynomials (10)

Separable field extensions (10)

Transitive groups (11)

Galois theory proofs (11)

Symmetric polynomials (11)

Galois group mod p reduction (11)

M. Macauley (Clemson) Lecture 0.1: What is Visual Algebra all about? Visual Algebra 7 / 14

mailto:macaule@clemson.edu


Also new in Visual Algebra: https://beta.lmfdb.org/Groups/Abstract/
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Visual Algebra myths

Myth #1
A Visual Algebra course is less rigorous than a traditional algebra course.

Myth #2
A Visual Algebra course is easier than a traditional algebra course.

Myth #3
A Visual Algebra course just amounts to “supplementing” existing material with visuals.

Myth #4
The visual pedagogy is primarily targeted to students not going to grad school.

Myth #5
Students who don’t learn visually won’t enjoy or do well in a Visual Algebra course.

Myth #6
Teaching a Visual Algebra class would just be too difficult.
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Creative Visual Algebra homework and exam problems
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Creative Visual Algebra homework and exam problems
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Creative Visual Algebra homework and exam problems
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Constructing Z12 = {0, 1, . . . , 11} as a quotient (Chapter 4)
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Where to learn more
Subscribe to my YouTube channel!

Follow @VisualAlgebra on BlueSky and Twitter/X.

Visual Algebra webpage for slides, HW, exams:

http://www.math.clemson.edu/~macaule/visualalgebra.html

Read my articles!

Macauley, M. (2024). Dihedralizing the quaternions. Amer. Math. Monthly, 131(4),
294–308.
Macauley, M. (2025). Cayley tables and lattices of finite rings. Math. Mag., In press.

Nathan Carter’s Visual Group Theory book.

Dana Ernst’s inquiry based learning visual algebra book: http://danaernst.com/

Future to do list (as of December 2024)
Finalize Visual Algebra and publish it.

Finish recording Visual Algebra and Graduate Visual Algebra playlists.

Put LaTeX files for my slides on GitHub.

Feel free to get in touch!

THANK YOU!!!
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