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Math/Art Projects

Projects joining mathematics and art

This project is an outgrowth of activities at the workshop “Innovations in Mathematics Education via the Arts” at the Banff International Research Station.

Proposed Editors: Kevin Hartshorn, Blake Mellor, Doris Schattschneider, Carolyn Yackel

Illustrator: Gwen Fisher

Overview: The purpose of this book

We are developing a collection of ready-to-run activities.  While the primary target for these projects is an undergraduate mathematics course for students in the humanities (art, english, history, etc.), projects should be adaptable to 

· classes or workshops for advanced high school students, 
· classes or workshops for pre-service or in-service teachers, 
· explorations in some upper level courses (e.g.: higher geometry, discrete math, combinatorics),
· activities in conjunction with museum exhibits.
Projects in this book will include group activities, exercises for individual expression, ideas for assessment activities
, and suggestions to pursue deeper mathematical/artistic ideas,

Call for papers: qualities of an excellent project

Mathematical content

While the connection between geometry and art is very strong (particularly similarity and symmetry), we are looking for projects that connect a broad spectrum of mathematical topics to artistic projects.  In our call for projects, we are motivated by topics taught in a “liberal arts math class” – classes aimed at students in the humanities to satisfy a quantitative or mathematical requirement.  

The following list is by no means exhaustive, but  indicates a few mathematical topics to consider illuminating through artistic activities.  Note that many activities will address several ideas simultaneously.

Combinatorial arguments, permutations

Divisibility, GCD, LCM

Fractals

Function notation

Game theory

Graph theory

Isometry/similarity transforms

Knot theory

Modeling by functions (polynomial, exponential, etc.)

Length, area, and volume 

Periodicity

Perspective

Polygons and polyhedra

Presentation of data

Probability

Projections

Ratio and proportion

Sequences and series

Symmetry

Tilings

Working with polynomials

Artistic content

In addition to specific mathematical content and goals, there should be an explicit artistic component to each project.  Students should have an opportunity to experiment with style, medium or other aspects of artistic content.

The following list of projects is by no means exclusive, but provides a sense of the kinds of artistic activities we envision:

Celtic knots

Conceptual art

Dahlia designs

Fractal design

Frieze and wallpaper patterns

Inca quipus

Islamic tilings

Kaleidoscope design

Mosaics

Kirigami/paper cutting

Logos and symbols

Network schematics

Origami/paper folding

Polyhedral sculpture

Sona sand drawings

Temari balls

Guiding principles for activities

Intrinsic mathematics: For all projects, the mathematical content should be intrinsic to the activity.  That is, the mathematics should be a natural, integral part of the artistic project rather than an added, superficial aspect.  For example: knitting a sock with a pattern that includes “a2 + b2 = c2” is an extrinsic mathematical content.  The use of similarity to construct a fractal pattern is intrinsic mathematical content.

Transference: In all cases, there should be a clear indication of why the student should find the mathematical content useful and/or interesting.  There should be an expectation that students will be able to transfer the skills gained from the project to other parts of their lives.

Analysis/creation balance: In all cases, we are looking for a balance between analyzing art and creating art.  Students should have an opportunity for both activities.  The artistic product created by the student should be an uncommon, interesting, aesthetically pleasing, or beautiful.  It should lend itself to multilayered interpretation.  

Connections to professional work: When possible, there should be documented evidence of artistic work related to the activity.  This may be evidence of a general tradition or style (e.g.: Islamic artwork) or work by a particular artist (e.g.: Mondrian’s techniques).

Problem-solving: While the activity may begin with a straightforward “recipe,” students should be called to surmount some sort of a challenge or solve some sort of puzzle during the course of the activity.  

Use of computer tools: Many of these topics can be explored using computer software.  Keep in mind that we are looking for hands-on activities.  As much as possible, students should be creating objects “from scratch” to ensure that mathematical and artistic ideas are explored.  In addition, there may be limited opportunity to teach students the skills necessary for some computer applications.  Required software should be platform-independent and very intuitive (unless time is specifically set aside to introduce students to the computer application).  In many cases, we may recommend including software experimentation in the “extensions” section of the activity.

Extensibility: Each project should include extensions, both mathematical and artistic.  Optimally, extensions should range from questions easily addressed by students to open questions or ideas amenable to student research projects.  Resource lists (including computer software) should be annotated.

Organizing the project: How projects in this text will be structured

We anticipate most projects will include the following features:

· A list of required/suggested materials
· A statement of assumed knowledge: What ideas will need to be known by students before completing the project?  In many cases, a “just in time” approach can be used, introducing or reviewing the requisite knowledge immediately prior to the start of the project (or even during the course of the project).  Both mathematical (e.g.: ruler-and-compass constructions) and artistic (e.g.: knitting) skills/knowledge should be considered.
· An estimated duration of the project: Most projects will be broken down to units that fit within a single class period.  However, some projects may require an investment of a week (or more) while others require only a half-hour (or less) of class time.  In the final exposition, longer projects should have some modularity, allowing teachers to use parts of the project in a single class activity.
· A statement of project goals: There should be a clear indication of what students should take from the project, both mathematically and artistically .  All topics should include a clear statement of what mathematical content is being presented and how it connects to the artistic component of the activity.
· A description of the activity itself:  This should be a clear exposition to guide the instructor through the activity.  While a minute-by-minute breakdown is not required, the instructor should be able to use this activity with minimal preparation.
· A collection of follow-up exercises: These should help students internalize the mathematics and demonstrate their understanding through some artistic outlet.  In many cases, we expect that this will be some generalization or variation on the in-class activity.
· Connections of the activity to work in art, design, or crafts:  When possible, there should be presented specific examples of aesthetic work that illustrate the ideas in the projects.
· A collection of ideas for further study:  In addition to references for further information (readings, exhibits in museums or other venues, computer programs, etc.), we are looking for questions or lines of thought to extend ideas in the activity.  Questions could be purely mathematical, purely artistic, or (optimally) some combination of the two.  They may call for a little additional work in the course, or may point the way to student research projects.
· Plans for assessment:  Each project should also include methods for the instructor to assess student knowledge.  These could be possible test questions, survey questions, or other assessment activities (such as the follow-up exercises) that check for development of students’ factual knowledge, skill set, or mathematical attitude.
Putting it together: The global structure of the resource book 

There will likely be (at least) two materials: a printed collection of fully annotated activities aimed at instructors or workshop coordinators and a collection of activity sheets (either physical or electronic) for use by the students or workshop participants.

The instructors resource collection will include:

· An introduction indicating the philosophy guiding the projects as well as some general resources for the interested teacher.
· A list of tips and suggestions for effectively using the activities in a course.  These suggestions will be short ideas a teacher should keep in mind when presenting ideas or organizing events.
· The collection of activities/projects will form the bulk of the volume.  While we do not have a clear organizational structure for these yet, they will likely be broken down into sections that could be covered in 1 to 1.5 hours
.
· An appendix of important ideas or techniques.  If projects assume a particular skill set – whether mathematical (e.g.: ruler-and-compass constructions) or artistic (e.g.: knitting techniques), a brief exposition will be offered in the appendix.
· A glossary of basic terms.  This will include both mathematical and artistic terms used in the projects. 
· An annotated reference list, with resources keyed to the activities.
· Several indexes to allow the instructor to search by mathematical content, difficulty level, artistic idea, or other criteria.
The student materials will include:

· A glossary of important terms
· Worksheets for the activities/projects
· Samples of artwork connected to the ideas presented in the project
· Resources and ideas for further exploration

Organizing the project: How projects should be structured

As you consider projects to submit for the collection, consider how the following ideas might be applied.  At this point, we are not asking for a complete response to all these points, but there should be a rough indication of how the proposed topic might fit into the collection.

· A list of required/suggested materials
· A statement of assumed knowledge: What ideas will need to be known by students before completing the project?  In many cases, a “just in time” approach can be used, introducing or reviewing the requisite knowledge immediately prior to the start of the project (or even during the course of the project).  Both mathematical (e.g.: ruler-and-compass constructions) and artistic (e.g.: knitting) skills/knowledge should be considered.
· An estimated duration of the project: Most projects will be broken down to units that fit within a single class period.  However, some projects may require an investment of a week (or more) while others require only a half-hour (or less) of class time.  In the final exposition, longer projects should have some modularity, allowing teachers to use parts of the project in a single class activity.
· A statement of project goals: There should be a clear indication of what students should take from the project, both mathematically and artistically .  All topics should include a clear statement of what mathematical content is being presented and how it connects to the artistic component of the activity.
· A description of the activity itself:  This should be a clear exposition to guide the instructor through the activity.  While a minute-by-minute breakdown is not required, the instructor should be able to use this activity with minimal preparation.
· A collection of follow-up exercises: These should help students internalize the mathematics and demonstrate their understanding through some artistic outlet.  In many cases, we expect that this will be some generalization or variation on the in-class activity.
· Connections of the activity to work in art, design, or crafts:  When possible, there should be presented specific examples of aesthetic work that illustrate the ideas in the projects.
· A collection of ideas for further study:  In addition to references for further information (readings, exhibits in museums or other venues, computer programs, etc.), we are looking for questions or lines of thought to extend ideas in the activity.  Questions could be purely mathematical, purely artistic, or (optimally) some combination of the two.  They may call for a little additional work in the course, or may point the way to student research projects.
· Plans for assessment:  Each project should also include methods for the instructor to assess student knowledge.  These could be possible test questions, survey questions, or other assessment activities (such as the follow-up exercises) that check for development of students’ factual knowledge, skill set, or mathematical attitude.

Project proposal form

· What materials will your project require (CDs, yarn, etc.)?
· What knowledge will be required of the students (musical ability, ruler-and-compass techniques, etc.)?
· How long do you think the project will take?  One class period?  One week?
· What are the goals of the project?  Goals may be mathematical or artistic.
· What is a broad description of the project itself?  A detailed description can be provided at a later date.
· What kinds of follow-up activities can students complete on their own?
· Are there connections between this activity and work in the art/design/craft world?
· Are there extensions to the project?  These would be lines of thought industrious students might pursue mathematically or artistically.
· How can we assess whether students have learned the appropriate mathematical material?
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� There is some debate as to whether the product itself will include assessment activities or whether we will employ assessment methods to check the effectiveness of the activities.


� How the collection will be broken down is still subject to debate.  Some projects will easily fit within a single class period.  For longer projects, we would like to have some modularity that allows instructors to scale the projects to fit within their curriculum.






