
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exploring Mathematics 
Stage 5 Elective Course 

Cherrybrook Technology High School 

 

 

 

 

 

 

 

 

Program designed by Eddie Woo, July 2014 

edward.woo@det.nsw.edu.au 

 
 



 

CTHS Exploring Mathematics (Stage 5 Elective Course) Program Page 2 

 | 0: Contents 

 

1 Introduction 

1.1 Synopsis 

1.2 Course rationale 

 

2 Course Content 

2.1 Beauty & Mathematics 

2.2 Fractals: The Mathematics of Self-Similarity 

2.3 Set Theory: The Families of Mathematics 

2.4 Drawing Boundaries & Pushing On Them: Definitions and Undefinables 

2.5 Matrices: The Workhorses of Mathematics 

2.6 Cryptography: The Mathematics of Secrecy 

2.7 Paradoxes: When Mathematics Doesn't Make Sense 

2.8 Play: The Mathematics Behind Games 

 

3 Assessments 

3.1 A note about XM assessments 

3.2 Overview of tasks 

 

4 Resources 

4.1 Written resources 

4.2 Online resources 

4.3 Other resources 

 

5 Appendix 

5.1 Extra material 

5.2 Remarks for teachers 

 

  



 

CTHS Exploring Mathematics (Stage 5 Elective Course) Program Page 3 

 | 1: Introduction 

 

1.1 Synopsis 

Exploring Mathematics (hereafter XM) is an elective semester course offered to Stage 5 (Year 9-10) 

students at Cherrybrook Technology High School. This document provides an over view of the XM 

course, its topics, and the formal assessments it includes. 

 

 

1.2 Course rationale 

To understand what the nature of this course, it helps to understand what it is not: 

◊ This course is not about acceleration (learning content from years 11-12 in advance so that 

you will be more familiar with it when you encounter it in the future). In fact, topics in the 

Stage 6 mathematics subjects have been intentionally avoided so that they can be given their 

proper introduction in the Preliminary and HSC courses. 

◊ This course consciously avoids the content and style of the enrichment courses designed by 

the Australian Mathematics Trust (Euler, Gauss, Noether and Polya). The content has been 

avoided since the majority of students enrolling into XM will have already completed these 

courses. The style has been avoided as XM intends to show that mathematics in general has 

much broader goals than being able to answer questions posed in a largely artificial context. 

◊ This course is not like regular mathematics classes in its classroom activities or its 

assessments. In fact, there is a very conscious emphasis on branches of mathematics that are 

not understood through repetitive exercises, nor assessed in traditional examination formats.  

  

By contrast, the goals of this course are:  

◊ To introduce students to different areas of mathematics that they would not otherwise 

encounter or experience 

◊ To cultivate students’ ability to think in mathematically abstract terms 

◊ To assist students in seeing and appreciating the ubiquity of mathematics  

 

In other words, the purpose of this course is to explore mathematics in a cognitively intensive and 

engaging environment. 
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Orientation 

Since students have been so accustomed to studying mathematics in one particular format and style 

(as prescribed by the BOS mathematics courses), it is worthwhile devoting time to reorienting 

students to the fundamentally different approach of the course. Orientation should be included at the 

very beginning of the course to help students understand the unique goals of this course and the 

specific ways that those goals will be achieved. 

 

 

2.1 Beauty & Mathematics 

The title of this topic is intentionally ambiguous, intending to communicate both that “beauty is 

inherently mathematical” and “mathematics is undeniably beautiful”.  

 

Subtopics 

√ The Golden Ratio 

› The Golden Ratio 

› The Golden Rectangle 

› Fibonacci numbers, recursive sequences, Lucas numbers and Phi  

√ Music: Ratios and the Western Scale  

√ Four-Colour Theorem 

√ Symmetry (Line, Point, Helical, Scale) 

› Central inversion (point reflection = rotation) 

› Combining symmetries (2D spiral “rose”, pinwheel tiling) 

 

 

2.2 Fractals: The Mathematics of Self-Similarity 

Scale symmetry and the golden spiral both pave the way to understand fractals. Many of the most 

beautiful fractals require computer generation to appreciate them fully, but there are several that are 

feasible and enjoyable to construct by hand. This topic will investigate some of these patterns. 

 

Subtopics 

√ Fractals in nature 

› Rivers and ferns 

› The coastline paradox 

√ Simple fractal construction (detailed instructions kept separately from this program) 

› Sierpinski’s triangle 

› Koch snowflake 

› Pythagoras tree 

√ Complicated fractal construction 



 

CTHS Exploring Mathematics (Stage 5 Elective Course) Program Page 5 

› Barycentric subdivision  

› Sierpinski’s triangle through isosceles trapezia 

› Dragon curve 

√ Mandelbrot set (dynamic sequences / iterated function systems) 

√ Appolonian gasket 

 

 

2.3 Set Theory: The Families of Mathematics 

The infinitely repeating patterns of fractals lead into a discussion of things that do not end, but 

continue forever. To mathematically approach and articulate such abstract ideas, we need to first 

develop a robust understanding of the different categories of numbers that exist, as well as a 

language for describing the relationships between them. These categories are called sets, and the 

language describing them is set theory. 

 

Subtopics 

√ Set terminology and notation 

√ Venn and Carroll diagrams 

› Two set arrangements 

› Poly-set arrangements 

√ Natural numbers, integers, rational numbers, real numbers, complex numbers, algebraic 

numbers, transcendental numbers… 

 

 

2.4 Drawing Boundaries & Pushing On Them: Definitions and Undefinables 

Equipped with a deeper understanding of the various kinds of numbers that mathematicians have 

defined, we can now address the topic of infinity. 

 

Subtopics 

√ Is mathematics invented or discovered? 

› Philosophies of mathematics throughout history 

√ What is infinity? 

› A concept, not a number 

› Countable infinities versus uncountable infinities 

√ Cantor’s diagonalisation proof 

√ Why are things “defined” or “undefined”? (e.g. division by zero) 

√ Counting Systems 

› Unary (tally) 

› Roman numerals 

› Arabic numerals and place value 

› Non-decimal bases (e.g. Binary, Hexadecimal) 
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2.6 Matrices: The Workhorses of Mathematics 

In the previous topic, we traced the development of mathematics as a tool for communication and 

transaction. This introduces the idea of mathematics and calculation being used in the context of 

work. One of the most important structures for mathematical work is the matrix. 

 

Subtopics 

√ Definition: abstracting a system of equations 

√ Elementary row operations and Gaussian elimination 

√ Matrix Multiplication 

√ Inverse of a matrix 

√ Determinant of a matrix 

 

 

2.7 Cryptography: The Mathematics of Secrecy 

One of the chief uses of mathematics in modern society is to keep secrets – namely, through the 

encryption of data. While these processes are intentionally concealed from users of credit cards and 

websites, they touch on a variety of interesting mathematical concepts and tricks which will be 

investigated in this topic. 

 

Subtopics 

√ Caesar cipher 

√ One-time pads 

√ Symmetric (private key) vs. Asymmetric (public key) encryption 

√ Prime numbers 

› Euclid’s proof for infinite primes 

› Primality tests (Fermat’s Little Theorem, Wilson, AKS test) 

√ Enigma in WW1 

√ Random numbers 

› Pseudorandom and True random number generators 

› Linear Congruential Generator 
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2.8 Paradoxes: When Mathematics Doesn't Make Sense 

In life, there are many things that seem counter-intuitive at first – but, once thought about carefully, 

do actually make sense (and often reveal something very interesting in the process). Mathematics is 

the same, and this topic will focus on mysterious and perplexing scenarios within it. 

 

Subtopics 

√ Fallacies (false proofs) 

› 2 = 1 (through division by zero) 

› −1 = 1 (through Pythagorean trigonometric identity) 

› √−1 = 1 (through roots of unity) 

› All triangles are equilateral (through construction) 

√ Monty Hall problem 

√ Bridges of Konigsberg 

√ Unexpected geometry 

› The Shoemaker’s Knife 

› Three intersecting circles 

› Morley’s Trisection Theorem 

› Three square / right-angle problem 

› Missing squares 

√ Chaos Theory 

› Minutelabs interactive demos 

√ Benford’s Law 

√ Look & Say Numbers 

√ Conway’s Game of Life 

√ Coastline Paradox 

√ Zeno’s Paradox 

√ Pisano Period 

√ Potato Paradox 
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2.9 Play: The Mathematics Behind Games 

A fitting end to the course is to focus on a pastime that is universally enjoyed: games. Games are 

amazing in that they appeal to many people who dislike mathematics – despite the fact that it is 

virtually impossible to find a game without mathematics deeply woven into its rules and strategies. 

 

Subtopics 

√ Sudoku 

√ Kenken 

√ Connect Four 

√ 2048  

√ Chess  

√ Rubik's Cube  

√ Monopoly 

√ Computer games  

√ Card games  

√ Prime Climb 

√ Set 

√ Minesweeper 

√ Watch out for Voldemort 

√ 2 on 1 

√ Dice Difference 
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3.1 A note about XM assessments 

Mathematics assessments are predominated by limited-time limited-resource algorithm/skill-

focused tasks (in other words, formal examinations). The open nature of XM enables students to 

pursue areas of mathematics that do not fit so readily into these kinds of tasks. Therefore, the tasks 

below are intended to provide a contrast to the normal types of assessment found in a standard 

mathematics course. 

 

For further details on these tasks (including specific task components and detailed marking rubrics), 

see the Assessment Outline. 

 

3.2 Overview of tasks 

Code Name Description Weight 

AT1 Electronic Journal Students compose metacognitive reflections on 

topics covered during lessons. 

15% 

AT2 Artwork This task is designed to follow the topics Beauty & 

Mathematics and Fractals. Students design and 

create a two-dimensional piece that illustrates their 

understanding of the role that mathematics plays in 

visual aesthetics. 

20% 

AT3 Set Theory Quiz Short-response topic test designed to assess 

students’ understanding of the concepts found in 

Set Theory. 

20% 

AT4 Video Composition In groups, students design, direct and create a short 

video that explains a mathematical concept in an 

interesting and engaging way. 

20% 

AT5 Matrices Quiz Short-response topic test that assesses students’ 

ability to interpret and manipulate Matrices. 

20% 

 Class Participation  5% 

   100% 
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4.1 Written resources 

The table below lists some useful textbooks. 

 

Title Details 

Inside Mathematics (10 Advanced) 

Sattler & White 

Chapter 16 on “More Mathematical Investigations” 

includes some interesting tasks. 

 

Mathematics for Australian Schools (10) 

Ganderton 

Chapter 13 has useful material and exercises for 

teaching Matrices. 

 

The “construction sections” appended to each 

chapter are also varied and interesting. 

 

New Century Maths (10 Advanced) 

Bootsma, Badger & Skene 

 

Spectrum Mathematics (10 Advanced) 

Priddle & Osborne 

 

Insight Mathematics (10 Advanced) 

Ley & Fuller 

 

Before the introduction of the 5.1/5.2/5.3 Pathways 

syllabus, the Standard/Intermediate/Advanced 

courses in Stage 5 offered option topics for 

Advanced students. One of these options was 

Fractals. These textbooks have useful sections 

covering this topic. 

 

 

 

4.2 Online resources 

The table below lists websites that were used during the development or delivery of the XM course. 

 

Address Description 

www.misterwootube.com/tag/exploremaths This is the companion website that I created for the 

course. Here, I posted tasks for the class and 

students responded with their own thoughts and 

reflections. 

 

www.youtube.com/numberphile Numberphile produces videos covering a broad 

range of mathematical curiosities, explained by a 

variety of academics and mathematicians (primarily 

based in the UK). The channel provides a rich 

source of inspiration for a variety of interesting 

numbers and theorems. 
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Address Description 

www.youtube.com/vihart Vi Hart’s videos basically consist of her drawing 

doodles or comics that illustrate mathematical ideas 

with her voiceover in the background. Like 

Numberphile (above), her videos provided the 

starting point for several of the lessons I included in 

the course. 

 

http://paulbourke.net/fractals Paul Bourke has created hundreds of graphics and 

collated many photos that illustrate fractals.  

 

www.itsokaytobesmart.com/post/371580979

71/infinity-imagined-fractal-river-networks 

Striking satellite photography of fractal river 

networks. 

 

http://www.sosmath.com/matrix/matrix.html Overview of Matrix Algebra 

 

http://www.mathsisfun.com/algebra/matrix-

introduction.html 

 

Subtopics within Matrices (includes questions) 

http://ocw.mit.edu/courses/special-

programs/sp-268-the-mathematics-in-toys-

and-games-spring-2010/ 

This online program run by MIT Open Courseware 

is generally too complex for a Stage 5 class, but it 

guided a lot of the thinking in the “Play: The 

Mathematics Behind Games” topic. 

 

http://www.youthcarefoundation.org/trainin

g.htm 

Set Theory exercises 

http://www.math-aids.com/Venn_Diagram/ Venn diagram quiz generator 

 

http://www.theguardian.com/science/series/a

-short-history-of-equations 

A Short History of Equations – a great series of 

articles posted on the Guardian that explains many 

interesting mathematical formulae in reasonably 

simple terms (though they are still quite 

complicated). 

 

https://www.youtube.com/playlist?list=PLE

3376FF44087B17B 

 

An impressive playlist of videos by TED-Ed, 

mostly animations but also some live presentations 

(all with very high production values). 
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4.3 Other resources 

The following materials were also used in the preparation and implementation of the course: 

◊ Donald Duck in Mathemagic Land (video) 

◊ Videos by Marcus du Sautoy produced by Teachers.TV 

› Zero to Infinity 

› Lucky Numbers 

› Safety in Numbers 

› Patterns in Nature 
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5.1 Extra material 

Numerous topics were considered for inclusion in the course, but eventually rejected due to a 

variety of factors (e.g. insufficient knowledge in the area, uncertainty about how to approach the 

topic in a classroom context, deemed inappropriate for students with only stage 5 background 

knowledge). They may or may not be included in future iterations of the course. 

◊ Topology 

◊ Knot theory 

◊ Graph theory 

◊ Computational mathematics (as envisioned in Conrad Wolfram’s CBM course, viewable at: 

www.computerbasedmath.org) 

◊ Formal game theory 

◊ Informatics 

◊ The history and personalities of mathematics 

 

5.2 Remarks for teachers 

One of the primary challenges in teaching this course is to help students see the cohesion and 

overlap between wildly different fields of mathematics. However, XM makes no apology for 

covering topics that are deliberately excluded from the standard sequence of high school maths 

programs due to the fact that they do not connect substantially to the other more well-established 

areas of mathematical study. 

 

 


