ALGEBRA/GEOMETRY/STATISTICS 5
LENGTH OF TIME: 

every day for one semester
GRADE LEVEL: 

11-12
COURSE STANDARDS:

Students will:

1.  Works productively in collaborative groups. 

2.  Investigates mathematical ideas through experimenting, by making conjectures and by justifying conclusions using mathematically correct communication styles. (PA Std 2.2.11.F, 2.4.11.A, 2.4.11.B, 2.4.11.E, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D)

3.  Solves real-world problems, both routine and non-routine, and communicates the process and the solution using correct mathematical terminology and procedures. (PA Std 2.2.11.F, 2.4.11.E, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D) 

4.  To develop the skill of careful counting in a variety of contexts and to understand and apply a variety of counting techniques, including the Multiplication Principle of Counting, tree diagrams, and systematic lists (PA Std 2.2.11.F, 2.4.11.E, 2.5.11.A, 2.7.11.A, 2.7.11.B, 2.7.11.C, 2.7.11.D, 2.7.11.E)

5.  To solve counting problems involving combinations and permutations.  (PA Std 2.2.11.F, 2.4.11.E, 2.7.11.A, 2.7.11.B, 2.7.11.C, 2.7.11.D, 2.7.11.E)

6.  To understand and apply the General Multiplication Rule for probability.  (PA Std 2.2.11.F, 2.4.11.E, 2.7.11.A, 2.7.11.B, 2.7.11.C, 2.7.11.D, 2.7.11.E)

7.  To understand and apply the Binomial Theorem and to understand and apply connections among combinations, the Binomial Theorem, and Pascal’s triangle.  (PA Std 2.2.11.F, 2.4.11.E, 2.7.11.A, 2.7.11.B, 2.7.11.C, 2.7.11.D, 2.7.11.E, 2.8.11.B, 2.8.11.D, 2.8.11.S)

8.  To develop the ability to prove statements using combinatorial reasoning and the Principle of Mathematical Induction.  (PA Std 2.2.11.F, 2.4.11.A, 2.4.11.B, 2.4.11.C, 2.4.11.E, 2.7.11.C, 2.8.11.C, 2.8.11.J)

9.  To describe and use the concepts of zeroes and end behavior of functions in mathematical, scientific, and everyday situations and to use polynomial and rational functions to model physical observations. (PA Std 2.1.11.A, 2.2.11.F, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D, 2.8.11.A,  2.8.11.D,  2.8.11.E,  2.8.11.G,  2.8.11.H,  2.8.11.I, 2.8.11.O, 2.8.11.P, 2.8.11.S, 2.8.11.T, 2.11.11.A, 2.11.11.B)

10.  To describe and illustrate the relationship between the graph of a polynomial or rational function and its symbolic representation and to develop facility with manipulation and reasoning about polynomial and rational symbolic representations. (PA Std 2.1.11.A, 2.2.11.F, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D, 2.8.11.A,  2.8.11.D,  2.8.11.E,  2.8.11.G,  2.8.11.H,  2.8.11.I, 2.8.11.O, 2.8.11.P, 2.8.11.S, 2.8.11.T, 2.11.11.A, 2.11.11.B)

11.  To determine all complex number roots of polynomials and to add, subtract, multiply, and divide complex numbers.  (PA Std 2.1.11.A, 2.2.11.A, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.8.11.D)

12.  To use laws of exponents to transform exponential expressions into equivalent exponential expressions.  (PA Std 2.1.11.A, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D, 2.8.11.D)

13.  To solve exponential equations and to use relationships between logarithms and exponentials to write logarithmic equations in forms without logarithms.  (PA Std 2.2.11.B, 2.2.11.E, 2.2.11.F, 2.4.11.E, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D, 2.8.11.A, 2.8.11.B, 2.8.11.D, 2.8.11.N, 2.8.11.O,  2.8.11.Q, 2.8.11.R, 2.8.11.S, 2.8.11.T, 2.11.11.C)

14.  To know and be able to use the definitions of the six trigonometric functions of angles in standard position, to know and be able to use the fundamental trigonometric identities and to prove a statement of equality is an identity.  (PA Std 2.1.11.A, 2.2.11.B, 2.2.11.E, 2.2.11.F, 2.4.11.E, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D, 2.8.11.A, 2.8.11.B, 2.8.11.D, 2.8.11.O,  2.8.11.Q, 2.8.11.R, 2.8.11.S, 2.8.11.T, 2.9.11.E, 2.10.11.A, 2.10.11.B)

15.  To solve trigonometric equations.  (PA Std 2.1.11.A, 2.2.11.B, 2.2.11.E, 2.2.11.F, 2.4.11.E, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D, 2.8.11.B, 2.8.11.D, 2.8.11.N, 2.8.11.Q, 2.8.11.R, 2.9.11.E, 2.10.11.A, 2.10.11.B)

16.  To represent complex numbers geometrically, to interpret multiplication of complex numbers geometrically, and to use DeMoivre’s Theorem to find all the roots of a complex number.  (PA Std 2.1.11.A, 2.2.11.F, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D, 2.8.11.D, 2.8.11.Q, 2.8.11.R, 2.8.11.S, 2.9.11.I, 2.10.11.A)

17.  To develop the binomial probability formula and know when it can be used. (PA Std 2.2.11.F, 2.6.11.I, 2.7.11.B, 2.7.11.D)/

18.  To examine the formulas for the mean and standard deviation of a binomial distribution and to use the normal approximation to estimate binomial probabilities. (PA Std 2.2.11.F, 2.4.11.E, 2.5.11.A, 2.6.11.A, 2.6.11.I, 2.7.11.B, 2.7.11.D)

19.  To understand the logic of the z-test for a proportion and to apply the z-test for the difference of two proportions to experiments. (PA Std 2.2.11.F, 2.4.11.E, 2.5.11.A, 2.6.11.A, 2.6.11.E, 2.6.11.G, 2.7.11.B, 2.7.11.C, 2.7.11.D)

20.  To distinguish between an experiment, a survey, and an observational study and to know the characteristics of a well-designed experiment. (PA Std 2.2.11.F, 2.4.11.E, 2.5.11.A, 2.6.11.A, 2.6.11.E, 2.6.11.G, 2.7.11.B, 2.7.11.C)

21.  To represent shapes in space with contour lines or horizontal and vertical cross sections and to interpret and describe shapes or surfaces in space represented with contour lines.  (PA Std 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D, 2.9.11.A, 2.9.11.I, 2.9.11.J)

22.  To use the three-dimensional coordinate system to locate points and represent shapes and surfaces in space.  (PA Std 2.2.11.F, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D, 2.8.11.E, 2.8.11.G, 2.9.11.A, 2.9.11.I, 2.9.11.J)

23.  To identify and sketch graphs of conic sections represented algebraically and write equations matching graphs of conics. (PA Std 2.2.11.F, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D, 2.8.11.E, 2.8.11.G, 2.9.11.A, 2.9.11.I, 2.9.11.J)

24. To use information inherent in an equation of a shape or surface to visualize, characterize, and sketch the shape or surface and to identify and sketch surfaces of revolution and cylindrical surfaces.  (PA Std 2.2.11.F, 2.5.11.A, 2.5.11.B, 2.5.11.C, 2.5.11.D, 2.8.11.E, 2.8.11.G, 2.9.11.A, 2.9.11.G, 2.9.11.I, 2.9.11.J)

RELATED PA ACADEMIC STANDARDS FOR MATHEMATICS

2.1
Numbers, Number Systems and Number Relationships

2.2
Computation and Estimation

2.3
Measurement and Estimation

2.4
Mathematical Reasoning and Connections

2.5
Mathematical Problem Solving and Communication

2.6
Statistics and Data Analysis

2.7
Probability and Predictions

2.8
Algebra and Functions

2.9
Geometry

2.10
Trigonometry

2.11
Concepts of Calculus

PERFORMANCE ASSESSMENTS:

Students will demonstrate achievement of the standards by:

1. Daily homework assignments  (all course standards)

2. Contribution to group and whole-class discussions (all course standards)

3. Class work activities  (all course standards)

4. Oral presentations  (all course standards)

5. Quizzes  (all course standards)

6. Unit assessments  (all course standards)

7. End-of-Semester examinations  (all course standards)

8. Portfolios and Math Toolkit (all course standards)

9. C4 U4 p232-233 Modeling #3 Given estimates for the number of possible combinations of pizzas (2 pizzas, any toppings up to 5, and 11 different toppings), determine whether or not the estimates, and the reasoning applied to obtain them, are correct.  (Course standards: 2, 3, 4, 5, 6)

10. C4 U4 p255 Extending #4 Explain how the rule for Pascal’s triangle and the Combination property are related and verify with specific values.  Prove that the combination property is true.  (Course standards: 2, 7, 8)

11. C4 U4 p401 Reflecting #1 Use the proof of the Factor Theorem to explain the Remainder Theorem. (Course standards: 2, 9, 10)

12. C4 U4 p481-419 Modeling #4 Design for a cereal box that limits waste while maximizing the volume.  Use a net of the box, write modeling equations for surface area and volume.  Given constraint of a fixed area, find the layout that produces a maximum volume and justify that it is the optimal design.  Adjust the solution method to take an added restriction into account. (Course standards: 2, 3, 9)

13. C4 U7 p452 Modeling #4 Given (year, people per square mile) data for the U.S., use logarithmic transformations to model population density.  Use the model to make predictions.  (Course standards: 3, 12, 13)

14. C4 U7 p472 Modeling #1  Using a rule for the horizontal distance that a projectile will travel, prove that the maximum distance is attained when the angle is 45 degrees.  (Course standards: 3, 14)

15. C4 U7 p488 Modeling #5 Using a modeling function for the rabbit population in a forest, find the times (or time periods) at which the population will reach a certain number of rabbits.  (Course standards: 3, 14, 15)

16. C4 U5 311 Modeling #1 Given U.S. Census results of the percent of the population between the ages of 18 and 24, and a random sample of 1500 residents, determine if the binomial distribution will be approximately normal.  Find the mean and standard deviation, sketch the distribution and determine if 130 people between the ages of 18 and 24 is a rare event.  (Course standards: 3, 17, 18)     

17. C4 U5 326 Modeling #1 Given U.S. Census results of the percent of the population between the ages of 18 and 24, and possible results if you were to take a random sample in a particular city, determine if the proportions are reasonable.  Also find the numbers of people between the ages of 18 and 24 that would be considered rare events. (Course standards: 3, 19)     

18. C4 U8 540-541 Organizing #4 and #5 Write the equations of different conic sections in standard form and identify the characteristics of the curves.  Then, given graphs of different conic sections, write the equations.  (Course standards: 2, 23)       

DESCRIPTION OF COURSE:

This is final course in the program.  The main goals of IAGS 5 are to revisit and extend thinking on all of the concepts studied in the previous IAGS courses and to fully prepare students to study high levels of mathematics including but not limited to Calculus, AP Calculus and AP Statistics.  In IAGS 5, the traditional strands of mathematics become even more integrated.  The first two units are integrated statistics and probability and algebra units: Counting Models (combinations and permutations, the Binomial Theorem, Pascal’s triangle, and combinatorial reasoning) and The Binomial Distributions and Statistical Inference (binomial probability formula; analyzing binomial distributions; normal approximation to a binomial distribution; hypothesis test for a proportion; design of an experiment; randomization test; and hypothesis testing). The Polynomial and Rational Functions unit focuses on connections between equivalent symbolic forms and graphical representations, multiplicity of zeroes, end behavior; complex numbers, and the Fundamental Theorem of Algebra.  It is followed by another integrated unit on Functions and Symbolic Reasoning, including: equivalent forms of exponential expressions, definition of e and natural logarithms, solving equations using logarithms and solving logarithmic equations; the tangent, cotangent, secant, and cosecant functions; trigonometric identities; solving trigonometric equations and expression of periodic solutions; rectangular and polar representations of complex numbers, DeMoivre’s Theorem, and the roots of a complex number.  Optional investigations, depending upon student interest, may include investigations in the areas of Space Geometry (three-dimensional coordinate geometry, conic sections, locus of points, surfaces of revolution), Informatics (set theory; modular arithmetic) and Problem Solving, Algorithms, and Spreadsheets: (use of standard spreadsheet operations for mathematical problems in real-life contexts.)

TITLES OF UNITS:

1.  Course 4 Unit 4 Counting Models     12 days

Counting Models extends student ability to count systematically and solve enumeration problems, and develops understanding of, and ability to do, proof by mathematical induction.  Topics include systematic counting, the Multiplication Principle of Counting, combinations, permutations; the Binomial Theorem, Pascal’s triangle, combinatorial reasoning; the General Multiplication Rule for Probability; and the Principle of Mathematical Induction.

2.  Course 4 Unit 6 Polynomial and Rational Functions     20 days

Polynomial and Rational Functions extends student ability to use polynomial and rational functions to represent and solve problems from real-world situations while focusing on symbolic and graphical patterns.  Topics include factored and expanded symbolic forms, computational complexity, connections between symbolic and graphical representations, multiplicity of zeroes, end behavior; Factor Theorem, Remainder Theorem, complex numbers and their use in the solution of polynomial equations, Fundamental Theorem of Algebra; equivalent forms of rational expressions; horizontal, vertical, and oblique asymptotes; and optimization.

3.  Course 4 Unit 7 Functions and Symbolic Reasoning   28 days

Functions and Symbolic Reasoning extends student ability to manipulate symbolic representations of exponential, logarithmic, and trigonometric functions; to solve exponential and logarithmic equations; to prove or disprove that two trigonometric expressions are identical and to solve trigonometric equations; to reason with complex numbers and complex number operations using geometric representations and to find roots of complex numbers.  Topics include equivalent forms of exponential expressions, definition of e and natural logarithms, solving equations using logarithms and solving logarithmic equations; the tangent, cotangent, secant, and cosecant functions; fundamental trigonometric identities, sum and difference identities, double-angle identities; solving trigonometric equations and expression of periodic solutions; rectangular and polar representations of complex numbers, absolute value, DeMoivre’s Theorem, and the roots of a complex number.

4.  Course 4 Unit 5 Binomial Distributions and Statistical Inference     15 days

Binomial Distributions and Statistical Inference extends student understanding of the binomial distribution, including its exact construction and how the normal approximation to the binomial distribution is used in statistical inference to test a single proportion and to compare two treatments in an experiment.  Topics include binomial probability formula; shape, mean, and standard deviation of a binomial distribution; normal approximation to a binomial distribution; hypothesis test for a proportion; design of an experiment; randomization test; and hypothesis test for the difference of two proportions.

5.  Course 4 Unit 8 Space Geometry    15 days

Space Geometry extends student ability to visualize and represent non-regular three-dimensional shapes using contours, cross sections, and reliefs and to visualize and represent surfaces and conic sections defined by algebraic equations.  Topics include using contours to represent three-dimensional surfaces and developing contour maps from data; sketching surfaces from sets of cross sections; conics as planar sections of right circular cones and as locus of points in a plane; three-dimensional rectangular coordinate system; sketching surfaces using traces, intercepts, and cross sections derived from algebraically-defined surfaces; surfaces of revolution and cylindrical surfaces.

6.  (optional) Course 4 Unit 10 Problem Solving, Algorithms, and Spreadsheets  (if time)

Problem Solving, Algorithms, and Spreadsheets develops student understanding and skill in use of standard spreadsheet operations for mathematical problems, while at the same time reviewing and extending many of the basic topics in Courses 1–3.  Topics include mathematics of finance, modeling population growth, apportionment of power in representative governments, sequences and series, and numerical solution of equations.

SAMPLE INSTRUCTIONAL STRATEGIES:

1. Use of guiding questions, learning for understanding through problem solving and investigations.

2. Direct instruction/lecture

3. Team teaching.

4. Extended problems and long-term, open-ended investigations.

5. Student-centered classrooms.

6. Cooperative learning techniques, group learning and peer tutoring.

7. Use of graphing calculator and computer technology.

8. Monitoring the writing process, including process and solution.

9. Teacher and peer editing of writing and presentation pieces.

10. Collaboration with other Core-Plus professionals.

MATERIALS:

1. TI-82, TI-83, TI-83 Plus TI-82, TI-84, and TI-84 Plus Graphing Calculators.

2. Student Text: Contemporary Mathematics in Context, A Unified Approach, Course 4, Part A, Arthur Coxford et al, Glencoe/McGraw-Hill, 2003.

3. Student Text: Contemporary Mathematics in Context, A Unified Approach, Course 4, Part B, Arthur Coxford et al, Glencoe/McGraw-Hill, 2003.

4. Teacher/References/Texts: Contemporary Mathematics in Context, A Unified Approach, Course 4, Part A, Arthur Coxford et al, Glencoe/McGraw-Hill, 2003.

5. Teacher/References/Texts: Contemporary Mathematics in Context, A Unified Approach, Course 4, Part B, Arthur Coxford et al, Glencoe/McGraw-Hill, 2003.

6. Course 4 Materials:

Graph paper, 53 beads or counters of one color and 22 beads or counters of a different color terrain models (constructed from shoe box, newspaper, aluminum foil, plaster of paris) and bamboo skewers three-dimensional axis (constructed from Tower of Hanoi game watch with second hand for timing optional: CBL optional: globe optional: set of dominoes optional: model of a cone illustrating the conic sections optional: three-dimensional graphing software or calculator, nautical mile rulers (see Master 39) centimeter ruler protractor chalk or tape semi-log graph paper (see Master 67) 4 index cards.

7. Course 4 Calculator Software: Spreadsheet computer or calculator software.

METHODS OF ASSISTANCE AND ENRICHMENT:

1. Guest teachers

2. Collaboration with Core-Plus Professionals and neighboring districts 

3. Internet

4. NCTM problem solving materials and activities

5. The New Standards projects and performance assessments

6. PSSA materials and performance assessments

PORTFOLIO DEVELOPMENT:

For each unit:

1. Unit outlines

2. Mathematics Toolkit

3. Selection of pieces that help to explain the unit.

4. Selection of projects that help to explain the unit.

METHODS OF EVALUATION:

At the time each activity/investigation, project or performance assignment is given, students receive detailed instructions, together with a scoring rubric.  Rubrics are tailor-made to the assignment.  In addition to scoring rubrics, peer editing is used to analyze written presentation pieces before they are graded.  Also, students are assessed on specific content attainment through the use of quizzes, in-class exams and take-home exams.  Students are given pre-assessments for various lessons and investigations and are also assessed informally to direct future instructional activities.

INTEGRATED ACTIVITIES:

1. Concepts

Interactive activities to develop interpersonal communication skills:


Message formation


Listening for Understanding

2. Communication

Writing reports on activities/investigations, explorations and problem solving summaries.

Oral presentations

3. Thinking/Problem Solving

Peer review of written documents and presentations

Critiquing other students work

4. Application of Knowledge

Oral presentations

Written documents

5. Interpersonal Skills

Working together with peers to solve problems, complete investigations, edit presentations, and produce written documents.

Peer tutoring
AGS 5 semester
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