APPENDIX A:
LIST OF MATHEMATICS TOPICS AND PRIMARY LEARNING OBJECTIVES FROM SECONDARY MATHEMATICS CAPSTONE COURSE

Unit 1: Number and Operations
Developing a Language for Reasoning-and-Proving 

· Define, describe, and recognize types of proof

· Construct arguments using specified types of proof

· Evaluate arguments produced by others to determine if the given argument is a proof or not, and explain why or show how to correct it
Basics of Number Theory 

· Describe and apply the notions of prime numbers, composite numbers, abundant numbers, deficient numbers, perfect numbers, the division algorithm, greatest common divisor, and least common multiple
· State and prove the divisibility tests for 2, 3, 4, 5, 6, 8, 9, 10, and 11

· Use divisibility tests to investigate problem situations and student conjectures

The Real Number System 

· Use a number line representation to model mathematical operations (addition, subtraction, multiplication, division, absolute value) for real numbers

· Determine if a real number is rational or irrational, and explain why

· Explain properties of real numbers and relationship between number systems 
· Explain why it does or does not make mathematical sense that 0.999…=1
Unit 2: Algebra
Solving Equations 
· Identify students’ mistakes and common errors when solving equations and be able to explain why solutions may “get lost” in the process

· Explain what processes preserve equation equality and how solving equations can change the solution set

 
Theory of Equations

· Explain the consequence of the Fundamental Theorem of Algebra

· Apply the process of completing the square and the quadratic formula to mathematical problems

· Derive the quadratic formula in multiple ways
· Explain and identify potential student misconceptions related to completing the square and the quadratic formula

 

Functions and Modeling 
· Explain why a relationship is or is not a function

· Represent functions using methods from Section 9.2 in the textbook [17], describing how these representations help us understand why a relationship is a function or why a given relationship is not a function

· Find a curve of best fit to model data and explain why that type of curve is “the best fit”
· Explain when to use line of best fit vs. curve of best fit

Unit 3: Measurement
Interesting Results about Areas of Polygons 
· State and prove Pick’s Theorem for triangles

· Apply Pick’s Theorem to solve mathematics problems

 

The Circle
· Be able to prove the area formula in at least two different ways

· Apply the formula for the area of a circle to solve mathematics problems

The Triangle & Trigonometry

· Define Sine, Cosine, Tangent, Secant, Cosecant, and Cotangent of an angle in a right triangle and on a unit circle

· Derive trigonometric relationships and identities both algebraically and on a unit circle 

· Convert between radians and degrees and explain this relationship

· Apply and prove the Law of Sines and the Law of Cosines

Fractals and Fractal Dimension

· Describe and explain the main properties of fractals

· Provide and analyze examples and non-examples of fractals

· Create fractals—Using repeated replacement construct iterations of a fractal based on given instructions, and be able to construct basic fractals including the Sierpinski Triangle, Sierpinski Carpet, Cantor Set, Koch Curve, and Koch Stool

· State the equation for the Hausdorff dimension of a self-similar object; Apply that equation to determine the dimension of a fractal and explain your thinking

Unit 4: Geometry
Transformations: The Secondary School Level, Bringing in the Main Tool, the Matrix Approach, and Connection to Fractals 
· Apply transformations to points in the figure vs. the shape as a whole on the coordinate plane

· Use trigonometry to find the image of a point under a rotation in the coordinate plane and explain the derivation of this trigonometric rotation formula

· Describe real life applications of transformations

· Explain why different combinations of transformations do or do not result in the same final location of the image 

· Explain how the image of line segments and the area of a figure are affected under an invertible matrix transformation 
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· Define homogenous coordinates and transformation matrices

· Create a transformation matrix (or set of matrices) that performs a desired set of transformations (including translations, dilations, reflections, and rotations)
· Explain how fractals can be generated by combining the transformations discussed in Chapter 10 in the textbook [17].
Non-Euclidean Geometry
· Name and describe the three types of Geometry mentioned in the textbook [17], including understanding what axioms hold in each of these geometries

· Describe models for each of these three geometries and describe their utility

· Be able to compare and contrast some properties of shapes in these three geometries

Unit 5: Data Analysis and Probability
Basic Ideas and Approaches of Probability

· Define, compare and apply combinations and permutations

· Use proportionality and a basic understanding of probability to make and test conjectures about the results of experiments and simulations

· Compute probabilities for simple compound events, using such methods as organized lists, tree diagrams, or area models  

· Determine a sample space of outcomes for an event and explain why a sample space is appropriate for an event

· Distinguish conditional events from independent events and vice versa

· Explain normal distribution & describe how the normal distribution curve can simplify probability problems

· Solve problems with conditional probability or involving normal distribution
Classic Problems: Counterintuitive Results in Probability, Fair and Unfair Games, and Lying with Statistics 
· Consider the counterintuitive results discussed in class from ideas related to Section 12.8 [17] (the Birthday Problem, Boy/Girl Paradox problems, and the Monty Hall Problem)

· Explain how to use a simulation and how to use probability theory to understand these three types of problems
· Apply the ideas from these problems to related problem situations
· Identify if a game is fair or unfair, compose a detailed argument of what makes the game fair or unfair, and rewrite a given game to make it fair or unfair 
· Explain why a given claim is erroneous or misleading based on the given information about a study and the study’s results
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