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Abstract.

The purpose of this document is to propose the development of a “math appreciation” course that could be used to satisfy the mathematics requirements at most 2 year schools for people majoring in the humanities. The problem as perceived by the author is presented, as well as a brief tour of mathematics, and  a brief outline of the proposed course content. The proposal concludes with an outline of the work to be undertaken; as well as mileposts, deliverables, and approximate time and staffing considerations. Appendices include sample teaching materials, a detailed course outline, references, as well as the author’s pertinent curriculum vitae.

0. Introduction to the problem.

The mathematics curriculum in current practice requires art students to take developmental maths, followed by algebra. The implication is that this will produce a person with at least the minimal exposure to mathematics. The concept behind this is parallel to the requirements that students should take courses in science, history, as well as other humanities course. Under this café-style plan, the student is supposed to take away an appreciation of the subject at hand. Regardless of how well the content and approach of these other areas is effective, it is the opinion of the author of this proposal that the current approach in the area of maths underserves the real needs of the artist in today’s post-modern world.

As such, this proposal is intended to outline the development of a course that would better serve the needs of today’s artists in the various humanities. 

One part of the problem is that most people do not have a sufficient background in mathematics to understand what is possible. The author, having spent a considerable portion of their life in the pursuit of understanding mathematics, as well as having had the desire to become a maths teacher would seem to indicate that there are unexplored possibilities.

1. Proposed Course Content.

Note: A more expanded version of this is included in Appendix B.

and 

Each topic will be composed of three distinct sections: 

· The Essentials.

· In depth.

· Advanced.

The essentials section is designed for a short course in a particular subject and give the student a good feel for the most important aspects of each area of mathematics. In addition, at the end of the text are additional topics that could be used for an AP or focus mini-course.

The in-depth section delves more deeply into a few topics. The advanced section will provide material about specific areas of importance in mathematics. 

Each section is self contained with the usual review questions, problems for discussion, and suggested readings. 

The workbook is designed to follow the flow of the textbook, and the lab book is designed to give hands on exercises to help drive home the points.

 a brief outline of the proposed course content. The proposal concludes with an outline of the work to be undertaken; as well as mileposts, deliverables, and approximate time and staffing considerations. Appendices include sample teaching materials, references, as well as the author’s pertinent curriculum vitae.

2 Outline of Work to be Undertaken.

2.1   Scope.

The primary purpose of the work is to develop a complete course that can be taught, and that the course content and materials will make it possible for teachers to learn how to teach the class. More importantly, that the teachers will have at their disposal a set of tools and resources that will allow them to adapt any portions of it for short mini-courses, workshops, semester projects, etc.

Essential to this is the development of the philosophy, teaching tools and resources that will make the course useful and relevant.

2.2 Philosophy of the Project; relevance to modern life.

and   the teaching materials should include teachers guides to help instructors to learn how to teach the course, get answers to questions concerning content, etc.  relevant to the times we live in, useful to the artist, teacher, and general public interested in art.

2.3 Content Research.

Although, it should be clear from this proposal, that much thought has gone into the work before it has even been begun, the exact content of the course should be open-ended. As such, some research will be required to bring certain concurrent trends in mathematics, philosophies and ideas of currently practicing mathematicians, as well as real-life examples of how mathematics is changing.

This is similar to the concept that in art appreciation, it would be of little use to the student if they weren’t at least partially exposed to how art is being done to day, to actual practicing studio artists, current trends in curatory practice, performance, etc.  Thus, the course should expose the students to the current problems facing mathematicians in the world today.

Further, it would be relevant to bring in computer-based programs that extend the text material and presentation. The author is aware that there are a number of tutorial systems already available on the network. Part of the goal of the proposal must be to create a website with resources that can be used by students and educators alike.

2.4 Mileposts.

2.4.1 Peer-review of the Content.

This would involve a review of the proposed areas of mathematics to be covered, as well as how those areas are covered, possible additions, reductions, etc.

2.4.2 Peer-review of the materials and methodology.

2.4.3 Peer-review of the Project.

It is proposed to form a tiger team of people with varied backgrounds; the areas of expertise would include: Maths teachers currently involved in trying to cram the traditional “algebra equals maths” course into the various heads of non-mathematicians, mathematicians who would evaluate the approach taken and suggest words of caution such as “this isn’t really how it works, but it gives you and idea – see the advanced section for exact details”, as well as humanities teachers who can see where such a course would actually benefit the studies of their particular areas of the non-sciences.

Obviously in many of the social sciences, the student will be exposed to statistical reasoning and methods, but it is felt that this broad-based approach would be usefully even to maths majors, since for them it would provide an over-all umbrellas of ideas of the area that will consume them for the rest of their lives.

One intention is to not provide the depth of maths that will be pursued in the individual humanities classes. For example, the ratio of tones in music is to be given brief attention, but the depth to which the ratios (especially in terms of combining tones, timing and tempo, etc) are far outside the range of interest and capabilities of most non-music people. What is “obvious” in terms of beat and pattern to the musician is as much a mystery to the visual artist as the concept of negative space is to the musician who can only “visualize” what is or is not heard. 

Another aspect is that of history, it is intended to provide parallel time events in history against the background of the mathematical theories of the times. This is important for such ideas as relativity and uncertainty. Where-ever possible, the course content will be linked to the sciences and various areas of the non-sciences. Examples will include: 

Astronomy: Large Numbers, Patterns of Galaxies.

Biology: Evolution as algorithmic/historical approach. 

Chemistry: Combining properties as database rules.

Geology: Large Numbers, “Deep Time”, Techntonics as the break-down of logic.

Physics:  Uncertainty Principle, Relativity, and Cosmology of Space-Time.

Sociology: Simpson’s Paradox. (taken from a tele-course episode)

Another major emphasis of the work is that of moral responsibility. The author is only too well aware of the dangers inherent in “a little knowledge”. In the now-classic mis-interpretation of Darwin’s theory of evolution, Spencer came up with “survival of the fittest implies that the lesser races must necessarily be swept aside” (not actually, but that is the road that was then built and then traversed using the standard-bearer of “Cultural Superiority”). The consequences of this mis-application of the power of scientific thinking are still with us today. One intention of the work is to show how powerful maths is and to bring to the minds of humanities students that they should question everything. For if indeed (as will be stressed again and again), if the very pillars of mathematics were essentially destroyed by its own precepts, one simply can’t just accept any area of study on faith, appeal to authority, or un-questioned/un-examined reasoning. It is hoped that this healthy skepicism so necessary in maths will be carried over by the student in their own pursuits in the humanities, as well as their everyday life.

2.4.4 Beta Test of Materials & Methodology (field test).

2.4.5 Web Site Testing.

2.4.6 Feedback and Follow-up.

2.5 Deliverables.

The deliverables (products) of this work are the following:

· Teacher’s Leaning Guide (TLG)

· Teacher’s Notes & Toolkit (TNT)

· Textbook: Math Appreciation (TEXT)

· Student Workbook and Study Guide (W/B)

· Laboratry Guide (LAB)

· Web Site (WEB)

· Final Report: Conclusions and Future Possibilities. 

These are now discussed in greater detail.

2.5.1 Teacher’s Learning Guide (TLG).

The Teacher’s Learning Guide (TLG) is the key to the remaining portions of the course. It provides the high-level discussion of what each component is designed to do, as well as “essays” on the philosophy on each component. In addition, the toolkit will contain any updates to the package added after the original release; eg, suggestions from teachers using the package, etc.

The primary purpose of the TLG is to provide a step by step guide to mastering the material, but also to provide resources and information as to how to adapt the package to their own particular needs. 

2.5.2 Teacher’s Notes & Toolkit (TNT).

The Teacher’s Notes & Toolkit (TNT) is the equivalent of the classic “Teacher’s Annotated Edition”. It provides suggested essay topics, class assignments, as well as lesson objectives, etc.

2.5.3 Textbook:  Math Appreciation (TEXT).

The textbook (TEXT) is a document that contains the material that the student should come to own as their own knowledge. The text should be such that it can be read in several different ways. It should operate in the manner of a textbook with information, review quizzes, simple-answer questions, as well as topics for essays and research. If the student simply wants to become familiar with a particular topic, then the text should allow for detailed information about a particular topic. These topics will go beyond the usual course content, and these in-depth topics can be used by the teacher as special assignments; eg, to make up a missed test grade.

2.5.4 Student Workbook and Study Guide (W/B).

The Student Workbook and Study Guide (W/B) is designed to provide the student with a way to take class notes and jot down notes as the course material is presented. This is in keeping with current educational practice.

2.5.5 Laboratory Guide (LAB)

The Laboratory Guide (LAB) is a set of “hands on” experiments in mathematics. These often call for the construction of different items used to illustrate a particular point; eg, construction of a mobius strip and then cutting it in half, and into thirds. The experiments are meant to intrigue the interest of the student in maths. Many of the “experiments” are intended as group exercises. And it suggested that students gather together in groups of 4 or 5 to work on and present a particular 

2.5.6 Web Site (WEB).

2.5.7 Final Report: Conclusions and Future Possibilities.

2.6 Schedual.

and  

2.7 Peer Evaluation, Field Trials, and the First Release.

and  a brief outline of the proposed course content. The proposal concludes with an outline of the work to be undertaken; as well as mileposts, deliverables, and approximate time and staffing considerations. Appendices include sample

Appendix A: Sample Teaching Materials

A.0   Sample Course Materials: The Introduction
This section is an example of the way that the information would be presented for each topic in the TLG, TNT, TEXT, W/B, and LAB documents. The topic for this example is the Introduction

A.1.1  Teacher’s Learning Guide.

A.1.1  Teacher’s Notes & Toolkit.

A.1.1  The Text.

A.1.1  Student Workbook/Study Guide.

A.1.1  The Lab Manual.

INTRODUCTION

This lab manual is designed to help make the topics in mathematics more real and easier to understand. The focus here is to actually do mathematics. Don’t think that this some sort of watered down “busy work” project. The examples here are the kinds of things that mathematicians do in order to understand maths. For example, when you get to the section on topology, you will be using pieces of paper and things to explore how geometry works when we go full “throatle”. It’s almost certain that when the mathematicians Felix Kline and Moebius began their expeiements, the probably did the EXACT same experiments that you are performing. In fact, recently, a student taking the SAT examinations came up with a new solution to a geometry problem that had been on the test for years. Each of us has an intuitive grasp of maths, and if we let our imagination take flight, then there is no telling what we will discover. 

But. 

I must caution you:  Mathematics one of the most powerful forces in the universe (the other is Language). To take a page from Albert Einstein (Uncle Al):


A.1   Sample Course Materials for PRIME NUMBERS.

This section is an example of the complete information that would be presented for each topic in the TLG, TNT, TEXT, W/B, and LAB documents. The topic for this example is that of PRIME NUMBERS.

A.1.1  Teacher’s Learning Guide.

There are two primary areas of research in prime numbers: The distribution of prime numbers, as well as theorems as to factoring and determination of prime numbers. Prime numbers seem to be distributed at random but, there are “islands” of prime numbers and “deserts” where there are few primes.

A.1.2  Teachers Notes & Toolkit.

A.1.3  Textbook.

A.1.4  Workbook/Study Guide

A.1.5  Lab Guide.

PRIME NUMBERS: Prime Factors

This exercise is designed to show the way that a problem in maths can be split up among several groups. This is especially easy to with the internet. Several groups can all be working on a part of the same problem and the results fed into a group of mathematicians who then use the information to make progress in a particular area of theory. 

Appendix B: Detailed Textbook Outline.

This section of the proposal is intended to give something of a flavour for the various areas of mathematics that exist and how they would apply to the education of the modern art student. Also, each chapter would feature interviews with mathematicians, as well as essays taken from “the classics” (see Appendix C: References).
1.  Math History, Logic, and Civilisation.

1.1 Introduction.

From the earliest times, mathematics has been on the mind of every living person on the Earth. We learn the concept of number before anything. Else, even if we can’t count’ we know how old we are; we learn to assign a number to ourselves – this trend continues throughout our lives with driver license numbers, our street address, and even postal codes, bank account numbers, and pins. We are literally surrounded by a universe of numbers. And yet for the most part we are barely aware of this fact.

Central to understanding mathematics is the history of mathematics, which again is tied into the progress of the human race. From the simplest concept of counting steps to lay out a garden, to the terrible implications in such a seemingly innocent equation as: 

                                         [image: image1.jpg]



mathematics pervades the history of civilisation itself. That is why it is essential for anyone who considers themself educated to become familiar with at least part of the story mathematics and the history that it has helped to create.

Central to mathematics is it’s use of logic. When we think of mathematics, we often think of Euclid’s Geometry text which teaches the concepts of deductive reasoning and it is often held out as the pinnacle of logical reasoning. It would surprise many to know that the very basis of mathematical reasoning was rocked to its very core early in the 20th century. And all of the underpinnings of logic were brought into question; a battle still rages today at the very center of mathematics. And yet people blithely go about saying things such as “well, it’s as obvious as 1+1 = 2.” In point of fact, if there is one thing that modern mathematics has had to deal with is that it is not obvious at all.

What is mathematics?

Geometry, Algebra, and Analysis.

Math Time Line

Events in arts, history, and maths

2.0 Logic.

A popular introduction to logic. A bit of Mr. Spock and such.

2.1  The Triumph of Logic

All men are mortal, Socrates is a man, therefore Socrates is Mortal.

The Socratean “dialectical method”,

Aristotle.

Essay: Logic and Plate Tectonics. A case study.

2.2 Deduction.

If A then B.

A therefore B.

RULE SET:  If A, then B.

                     If B, then C.

Transverse ?? property:  If A, then C.

The problem of circular logic.

2.3 A bit of Euclid.

Enter the axiomatic method.

Undefined terms,

Axioms,

Theorems,

Lemmas –small helper theorems.

Pons Assinorum

2.4 Induction

Prove it for n=1,

Prove that if it is true for n=N, then we can show that

It is true for N+1. The inductive mentod.

(This is what Holmes really used)

BONUS TRACK:  The dread WORD PROBLEM!

As we have seen, we are using language (English or what-ever) to talk about maths, and as such, we are already using a logical system to describe what we tend to think of as the ultimate logical system. But, we all know how twisty language can be.  Word problems tend to use a very specialized vocabulary

(give examples of HOW to interpret and set up a word problem) 

(duplicate this in the ALGEBRA system)

2.5 Formal Logic

2.6 Set Theory (a preview)

2.7 The End of Logic

2.8 HAL-9000.

Algorithmic vs Heuristic

Programming. 

Programming Languages

The basic programming structures 

(probably use C for this)

The Turing Machine
2.9 Bonus Track:  Propaganda.

The 7-classic propaganda techniques.

3.0 Number and Set.

This section of the proposal is intended to give something of a flavour for the various areas of

Counting

Large Numbers

1. In everyday use.

2. In maths.

Kinds of Numbers

   Natural Numbers

   Integers

   Rational Numbers

   Real Numbers

   Imaginary Numbers

   Surreal Numbers

3.x  Concepts of Zero and Infinity.

This section of the proposal is intended to give something of a flavour for the various areas of

Zero and One – Addition, Subtraction, Multiplication and Division.

Sets:  Collections of Objects

Venn Diagrams

Set Operations

The Universal Set-Builder Notation,

Essay:  Prime Numbers
Factors

Prime Numbers, Seethe of Erostothenes ?sp?  

    LAB: PRIME FACTORS
Essay:  Prime numbers & cryptography.
Essay:  Chunking, information organisation, and AI.

4.   Geometry: Line and Shape.

4.1 Again with Euclid.

4.2 The 2-Dimensional World.

Polygons, shapes, and those odd triangles. – somewhere in here have a hint about trig.

4.3 Patterns, Translations, Reflections and Symmetry.

4.4 Fractals

4.5 Lattices & Nets.

4.6 The Cartesian Co-ordinate System.

4.7 Into the 3rd Dimension.

The classical solids (plus cone & sphere)

Essay: Kepler and the Music of the Spheres.

3-D Analytic Geometry

(surfaces in 3 dimensions)

Solids of Rotation.

4.8 Four Dimensions and Beyond.

Make the distinction clear that mathematicians can conceive of 100-dimensional spaces, etc. – has nothing to do with physics.

4.9 Time: The 4th Dimension.

Essay: The impact of the Theory of Relativity on 20th Century Art, Science, and Philosophy.
5.  Algebra.

5.1 Equations.

This section of the proposal is intended to give something of a flavour for the various areas of

5.2 Graphs and Curves.

From table to curve.

The classic 2-d curves (ellipses, parabola, etc)

The ugly monster:  ax^2 + bxy + cy^2 + dx + ey + f = 0

The beauty of the normal forms.

Trigonometry.

Polar Co-ordinates

The polar curves.

5.3 Probability and Statistics.

Essay:  How to lie with diagrams.

Charts & Graphs

Essay: Reasoning in an uncertain universe.

The uncertainty principle – some quantum mechanics.

5.4 Abstract Algebra.

Fields, groups, rungs.

1+12 = 1 (clock arith)

(bell, bar, cherry, etc)

5.5 Matrices.

Matrix maths,

Matrix operations.

A little bit of Quantum Mechanics.

5.6 Trees, Databases, and Programming.

Databases

Dataprocessing

Old-master-file + Transactions ( New-master-file

Essay: How do you compare Apples and Oranges? 

section set theory, relations, databases, and information.

Example:  Chemistry. The way that atoms join together is specific – not all possibilities are possible. This implies that self organizing systems are not only possible, but inevitable.
5.7 Artificial Intelligence

Problem ( AI ( Solution


The Turing Test

What is Intelligence?

Knowledge Databases

Biology – Evolution. What has occurred before is the starting point of the next stage. 


6.  Analysis.

6.1 Functions.

6.2 Differential Calculus.

6.3 Integral Calculus.

6.4 Differential Equations.

6.5 Laplace Transforms.

7.  Topology.


7.1 Point Set Theory.

7.2 Differential Geometry.

Liquid drops, spheres, and minimum energy surfaces.

7.3 Orientable Surfaces.

7.4 ???

8.  The Future of Mathematics

This section of the proposal is intended to give something of a flavour for the various areas of

Great unsolved problems

Current research

9.  Additional Topics

9.1 Chaos Theory.

9.2 Catastrophe Theory.

9.3 Fuzzy Maths.

9.4 Games & Strategies.

9.5 Neural Nets.

9.6 Fourier Series.

9.7 More Number Theory.

9.8 Taxi-cab Geometry.

9.9 Operations Research.

9.10 Geodesic Domes, etc.

Appendix C: References.

The classics.

Over the past 50 years or so, there have been many attempts to bring the world of mathematics to the general public. These are the texts that inspired the author to undertake a career as a maths teacher so many years; alas, an un-fullfilled dream.

Constance Reid

Aaron Baskt:

George Gamow: One Two Three, … Infinity.

Experiments in Topology
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  "It is not enough that you should under-


   stand about applied science in order that your


   work may increase man's blessings.   Concern


   for man himself and his fate must always form


   the chief interest of all technical endeavors.


   ... in order that the creations of our mind


   shall be a blessing and not a curse to mankind.


   Never forget this in the midst your diagrams


   and equations."








Einstein spent the last years of his life as part of a


group of scientists (composed of Leo Silard, Linus Pauling,


and others) working as a group under the name "Atoms for Peace" 


trying to re-cork the genie that he in his youthful innocence 


had had released in 1905 with the simple equation:


E = mc2





He later said,





    "If I had know that the product of my studies


     would have led to the death of people. Then,


     I would have never become a physicist, but would


     have become a gardener and studied the violin


     more assiduously."
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