[image: ] DEPARTMENT OF MATHEMATICS Proposed summer Math 380 course 
Title: Interactive Mathematics with Desmos: Calculus and Beyond Course Description 
This course uses interactive visuals and animation to explore calculus concepts and to generate  new mathematical questions through visual experimentation. Students will use tools such as  Desmos and GeoGebra to create dynamic mathematical visuals emphasizing motion, structure,  and change. A central goal of the course is to design engaging calculus visualizations for a  shared Calculus Visualization Gallery and to show how students can learn and ask new questions  through visual exploration. 
The course emphasizes both mathematical understanding and visual storytelling. Students will  explore how choices involving parameters, animation, color, opacity, labeling, and layout affect  interpretation and insight. While calculus ideas form the mathematical backbone of the course,  projects are designed to accommodate students with a range of mathematical backgrounds, with  options for both applied and theoretical exploration. 
The course culminates in a final project in which students create a polished interactive  visualization accompanied by a short written or video explanation for a general audience. An  optional extension allows students to translate a visualization into a 3-D printed physical model. 
Learning Objectives 
By the end of the course, students will be able to: 
• Use interactive visualization tools to model mathematical behavior 
• Translate calculus concepts into clear visual representations 
• Apply parameters and animation to explore change and motion 
• Use visual experimentation to generate and refine mathematical questions • Communicate mathematical ideas effectively to non-technical audiences 
• Collaborate on mathematical projects and contribute to shared educational resources 
Course Structure and Meeting Pattern 
• Monday & Wednesday: 90-minute class meetings focused on instruction, guided  activities, discussion, and critique 
• Friday: Reserved for group meetings, project work, and instructor office hours (no  required full-class meeting)
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Weeks 1–2: Precalculus, Calculus I, and Visualization Tools 
Functions and families of functions; sliders and parameters; motion and animation; parametric  curves; visual design principles (color, opacity, layering, labeling). 
Weeks 3–5: Calculus II and III Visualizations 
Tangent lines and local behavior; area and accumulation; volumes and slicing; solids of  revolution; parametric surfaces and surface animation. Students contribute short artifacts to the  shared calculus gallery. 
Weeks 6–7: Guided Calculus Project 
Structured group projects selected from instructor-provided options (e.g., motion, geometry,  parametric surfaces, applications from physics or astronomy). 
Weeks 8–9: Open Project and Mathematical Exploration 
Open-ended projects extending earlier work, emphasizing depth, design, and question-driven  exploration. Final deliverables include an interactive visualization and a short explanatory  narrative or video. 
Field Trip and 3-D Printing Component 
During the project phase, students will participate in a guided field trip to the Mill, UW’s  interdisciplinary makerspace. The visit introduces how mathematical visuals can be translated  into printable geometry, emphasizing scale, resolution, and fabrication constraints. As an  optional final-project extension, students may create a 3-D printed version of one of their  visualizations.  
Assignments and Assessment 
• Weekly guided visualization exercises and assignments. 
• Guided group project (Weeks 6–7) 
• Final open-ended project (Weeks 8–9) 
• Participation in critique and discussion 
Assessment emphasizes clarity of mathematical thinking, effectiveness of visual communication,  and engagement with the iterative design and questioning process.
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There are no formal prerequisites. Familiarity with precalculus or introductory calculus is  helpful, but the course is designed to accommodate students from a range of mathematical  backgrounds. 
Texts and Materials 
There is no required commercial textbook. Course materials will be drawn from: 
• Instructor-created Desmos Visualization Materials, including interactive calculus  visualizations and guided exploration activities 
• Selected chapters and excerpts from: 
o Teaching and Learning Mathematics with GeoGebra - Markus Hohenwarter et al. o GeoGebra in Mathematics Education - Zsolt Lavicza et al. 
All required software is freely available. 
Instructor and Course Background 
Dr. Andy Loveless has taught mathematics at the University of Washington for over 20 years.  During that time, he has taught more than 22,000 students across precalculus and calculus  courses and has developed an extensive archive of student support materials used in large enrollment instruction. His teaching has been recognized with multiple awards, including the  Distinguished Teaching Award, Honors Excellence in Teaching Award, and Faculty Member of  the Year. 
In recent years, Dr. Loveless has focused on making mathematics more visual and accessible  through the creation of interactive Desmos visualizations, instructional videos, and 3-D printed  mathematical models. These materials have been refined through classroom use and public facing educational resources and form the foundation of this course. 
This course represents the first opportunity for Dr. Loveless to formally share his visualization based teaching methods in a course of his own design. Students will work alongside the  instructor to build on these efforts, contributing to a growing collection of visual mathematical  resources while developing their own skills in creating engaging, question-driven mathematical  stories for a broad audience. See galleries here for some fun examples of visual projects that we  will draw from in this course: 
sites.math.washington.edu/~aloveles/CalcVisuals/ and  
sites.math.washington.edu/~aloveles/ProjectGallery/
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Supporting Materials: 
The course creator already has an archive of around 500 Desmos visuals he uses in courses and  for projects. Every topic and image below is directly from an original visual made by the author  of this course. These original projects will be used to inform the course and as starters for  students to extend, modify, or generalize. [image: ]
Motion, Parametric Curves, and Kinematics 
• Projectile Motion in 2D and 3D. 
• Disneyland Teacups (Compound Rotation). 
• Boat Crossing a River. 
• Piston / Slider-Crank Motion. [image: ][image: ]
• Roller Coaster Loop. 
• Fireworks / Particle Explosion 
Waves, Oscillations, and Periodic Phenomena [image: ][image: ]
• Mass–Spring Oscillator. 
• Circular Motion with Variable Angular Speed. 
• Sinusoidal Wave Analysis [image: ]
• Ocean Wave Analysis (Trochoid motion) 
• Spirograph [image: ]
Geometry, Optimization, and Area 
• Area Under a Curve (Curtain Visualization) [image: ]
• Area Optimization [image: ]
• Turning Radius of a Path 
• Stop-Sign Approximation (Polygon → Circle) 
Vectors and Linear Algebra Concepts
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[image: ] DEPARTMENT OF MATHEMATICS • Vector Projection Visualization 
• Tangent–Normal–Binormal (TNB) Frame 
Surfaces, Solids, and 3D Visualization [image: ][image: ]
• Torus (Donut) as an Implicit Surface 
• Hyperboloid with Ruling Lines 
• Cone Inside a Sphere 
• Solids of Revolution (Parametric) [image: ]
• Cross-Sections and Volume [image: ]
• Contour Plots and Gradients 
• Tangent Plane Approximation 
• Spiral on a Sphere 
• Apollonian Spheres 
• Mobius Strips 
Discrete and Number-Theoretic Visuals [image: ]
• Farey Fractions Visualization [image: ]
• Peg-and-String Locus Construction (envelopes of curves) 
Integration and Accumulation [image: ]
• Riemann Sum Explorer (2D or 3D) [image: ]
• Arc Length Visualization 
• Accumulation from Motion 
Other: 
• Sand dune formation [image: ]
• Astronomy [image: ]
• Shapes in nature 
• Lines on an cubic surface 
• Steiner Surface
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While a full course book written by the author of the course is not ready, he does have many  chapters and materials ready and will further refine the materials as the course it taught. 
Table of Contents 
Interactive Mathematics with Desmos: Visual Exploration from Precalculus through Calculus 
Part I. Foundations 
1. Visual Exploration as a Mathematical Tool 
2. Getting Started with Desmos 
3. Core Desmos Techniques and Design Patterns 
Part II. Functions and Modeling in Two Dimensions 
4. Lines, Distance, and Coordinate Systems 
5. Quadratic Models and Optimization 
6. Exponential and Rational Models 
7. Composition, Inverses, and Transformations 
Part III. Trigonometry and Periodic Phenomena 
8. Circular Motion and Angle as a Parameter 
9. Rotational and Oscillatory Systems 
10. Waves and Oscillations 
Part IV. Vectors and Geometry 
11. Vectors, Projections, and Dot Products 
12. Motion Along Curves and Curvature 
Part V. Three-Dimensional Visualization 
13. Surfaces Defined by Equations 
14. Parametric Surfaces and Solids of Revolution 
15. Cross-Sections, Volume, and Accumulation 
16. Tangent Planes, Contours, and Local Approximation 
17. Space Curves and Motion in 3D 
Part VI. Extensions and Applications 
18. Modeling from Images and Data 
19. Discrete and Number-Theoretic Visualizations 
Part VII. Teaching and Projects 
20. Reusable Visual Modeling Templates 
21. Student Projects and Explorations
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