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Curriculum Overview

Introduction

Integrated
Content

Mathematical
Modeling

Access and
Challenge

Core-Plus Mathematics is a four-year integrated mathematics program
developed by the Core-Plus Mathematics Project (CPMP). The program
includes student and teacher materials for a three-year core curriculum for
all students and for a flexible fourth-year course that continues the
preparation of students for college mathematics. All of the materials were
designed to implement the vision of high school mathematics portrayed in
the National Council of Teachers of Mathematics (NCTM) Curriculum and
Evaluation Standards for School Mathematics (1989) and Professional
Standards for Teaching Mathematics (1991). The completed curriculum and
the instructional and assessment practices it supports align well with
NCTM'’s Principles and Standards for School Mathematics (2000).

The CPMP curriculum builds upon the theme of mathematics as sense-
making. Through investigations of real-life contexts, students develop a rich
understanding of important mathematics that makes sense to them and that,
in turn, enables them to make sense out of new situations and problems. This
theme of sense-making, as well as the pervasive expectation that students
reason about mathematics, aligns with the recently released NCTM document
“Focus in High School Mathematics: Reasoning and Sense Making” (in press
Fall 2009).

Each course in Core-Plus Mathematics shares the following
mathematical and instructional features.

Each year, the curriculum advances students’ understanding of mathematics
along interwoven strands of algebra and functions, geometry and trigonometry,
statistics and probability, and discrete mathematics. These strands are unified
by fundamental themes, by common topics, and by mathematical habits of
mind or ways of thinking.

The curriculum emphasizes mathematical modeling including the
processes of data collection, representation, interpretation, prediction, and
simulation.

The curriculum is designed to make mathematics accessible to more
students, while at the same time challenging the most able students.
Differences in students’” performance and interest can be accommodated by
the depth and level of abstraction to which core topics are pursued, by the
nature and degree of difficulty of applications, and by providing
opportunities for student choice of homework tasks and projects.

CURRICULUM OVERVIEW 1
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Technology

Active Learning

Multi-

dimensional
Assessment

P~

Numeric, graphic, and symbolic manipulation capabilities such as those
found on many graphing calculators are assumed and appropriately used
throughout the curriculum. The curriculum materials also include a suite of
computer software called CPMP-Tools® that provide powerful aids to
learning mathematics and solving mathematical problems. (See pages 14-20
for further details.) This use of technology permits the curriculum and
instruction to emphasize multiple representations (verbal, numerical,
graphical, and symbolic) and to focus on goals in which mathematical
thinking and problem solving are central.

Instructional materials promote active learning and teaching centered
around collaborative investigations of problem situations followed by
teacher-led whole-class summarizing activities that lead to analysis,
abstraction, and further application of underlying mathematical ideas and
principles. Students are actively engaged in exploring, conjecturing,
verifying, generalizing, applying, proving, evaluating, and communicating
mathematical ideas.

Comprehensive assessment of student understanding and progress through
both curriculum-embedded assessment opportunities and supplementary
assessment tasks supports instruction and enables monitoring and
evaluation of each student’s performance in terms of mathematical
processes, content, and dispositions.

Core-Plus Mathematics is designed to make mathematics accessible and
more meaningful to more students. Developing mathematics along
multiple strands nurtures the differing strengths and talents of students
and simultaneously helps them to develop diverse mathematical insights.
Developing mathematics from a modeling perspective permits students to
experience mathematics as a means of making sense of data and problems
that arise in diverse contexts within and across cultures. Engaging students
in collaborating on tasks in small groups develops their ability to both deal
with, and find commonality in, diversity of ideas. Using technology as a
means for learning and doing mathematics enables students to develop
versatile ways of dealing with realistic situations and reduces the
manipulative skill filter which has prevented large numbers of students
from continuing their study of significant mathematics. In addition,
technology-produced graphics offer powerful new ways of visualizing
mathematics across each of the strands.

The Core-Plus Mathematics program has been designated an Exemplary
Program by the U.S. Department of Education, is recommended as a
program that works by the Business-Higher Education Forum, and served
as a model for the 2007 College Board Standards for College Success as
adapted for integrated secondary school mathematics curricula.

IMPLEMENTING CORE-PLUS MATHEMATICS



Integrated Mathematics

Algebra and
Functions

Geometry and
Trigonometry

Statistics and
Probability

Discrete
Mathematics

Core-Plus Mathematics is a four-year integrated curriculum that replaces an
Algebra-Geometry-Advanced Algebra/Trigonometry-Precalculus sequence
of high-school mathematics courses. Each course features concurrent and
connected development of important mathematics drawn from four
strands: algebra and functions, geometry and trigonometry, statistics and
probability, and discrete mathematics.

Each of these strands is developed within focused units connected by
fundamental ideas such as symmetry, matrices, functions, and data
analysis and curve fitting. The strands also are connected across units by
mathematical habits of mind such as visual thinking, recursive thinking,
searching for and explaining patterns, making and checking conjectures,
reasoning with multiple representations, describing and using algorithms,
and providing convincing arguments and proofs.

The strands are unified further by fundamental themes of data,
representation, shape, and change. Important mathematical ideas are
frequently revisited through this attention to connections within and across
strands, enabling students to develop a robust and connected view of
mathematics.

The Algebra and Functions strand develops student ability to recognize,
represent, and solve problems involving relations among quantitative
variables. Central to the development is the use of functions as
mathematical models. The key algebraic models in the curriculum are
linear, exponential, power, polynomial, logarithmic, rational, and
trigonometric functions. Each algebraic model is investigated in at least four
linked representations—verbal, graphic, numeric, and symbolic—with the
aid of technology. Modeling with systems of equations, both linear and
nonlinear, is developed. Attention is also given to symbolic reasoning

and manipulation.

The primary goal of the Geometry and Trigonometry strand is to develop
visual thinking and the ability to construct, reason with, interpret, and
apply mathematical models of patterns in visual and physical contexts.

The focus is on describing patterns with regard to shape, size, and location;
representing patterns with drawings, coordinates, or vectors; predicting
changes and invariants in figures under transformations; and organizing
geometric facts and relationships through deductive reasoning.

The primary role of the Statistics and Probability strand is to develop student
ability to analyze data intelligently, to recognize and measure variation, and to
understand the patterns that underlie probabilistic situations. The ultimate
goal is for students to understand how inferences can be made about a
population by looking at a sample from that population. Graphical methods

of data analysis, simulations, sampling, and experience with the collection
and interpretation of real data are featured.

The Discrete Mathematics strand develops student ability to model and solve
problems using vertex-edge graphs, recursion, matrices, and systematic
counting methods (combinatorics). Key themes are discrete mathematical
modeling, optimization, and algorithmic problem solving.

CURRICULUM OVERVIEW 3



Organization of the Curriculum

Courses 1-3

Each of the first three courses of Core-Plus Mathematics consists of eight
units. Each unit contains two to four multi-day lessons in which major
mathematical ideas are developed through investigations focused on
sense-making and reasoning. Most investigations are developed from

rich applied problems. Some are developed from examining mathematical
patterns and procedures. Each unit also includes a “Looking Back” lesson to
help students review and organize their thinking related to the mathematics
learned in the unit. The time needed to complete a unit (in class periods of
about 55 minutes) ranges from approximately two to six weeks. Unit titles for
the three-year core curriculum are listed in the following table. Goals and
mathematical topics for each of these units can be found on pages 7-9.

Unit Titles for Courses 1-3

Unit Course 1 Unit Course 2 Unit Course 3
1 Patterns of Change 1 Functions, Equations, and 1 Reasoning and Proof
Systems
. ) Inequalities and Linear
2 Patterns in Data 2 Matrix Methods 2 :
Programming
. . . Similarity and
3 Linear Functions 3 Coordinate Methods 3
Congruence
4 Vertex-Edge Graphs 4 Regressp n and 4 Samples and Variation
Correlation
5 Exponential Functions 5 Nonlipear Functions and 5 Polynpmial and Rational
Equations Functions
6 Patt in Sh e Circles and Circular
atterns 1n shape 6 Network Optimization 6 Functions
7 Quadratic Functions 7 Trigonometric Methods 7 Recursion and Iteration
8 Patterns in Chance 8 Probability Distributions 8 Inverse Functions

In developing Core-Plus Mathematics, the developers chose
mathematical content that they believe is the most important mathematics
that all high school students should have the opportunity to learn. In
particular, the content of the last units in the texts is not viewed as optional.
The developers believe that this content is so important and so broadly
useful that it should be completed by students before embarking on the
next course of the program.

The organization of the student texts differs in several other ways from
most conventional textbooks. Boxed-off definitions, “worked out” examples,
and content summaries are not as prevelant as in conventional texts.
Students learn mathematics by doing mathematics. Concept images are
developed as students complete investigations; later concept definitions are
formalized. Mathematical ideas are developed and then shared by groups of
students at strategically placed points, called Summarize the Mathematics,
within the lessons. These class discussions then lead to a class summary of
shared understandings.

4 IMPLEMENTING CORE-PLUS MATHEMATICS




Course 4

It is important that each student constructs a Math Toolkit consisting
of mathematical concepts, methods, and theorems as they are developed.
By organizing these important class-generated ideas from a unit, from
occasional lesson summary responses or from a unit summary in the
student’s own words, the student will gather a valuable set of tools that
can be used throughout the course and in subsequent courses.

Core-Plus Mathematics Course 4 formalizes and extends the core program
with a focus on the mathematics needed to be successful in undergraduate
programs requiring calculus. This course shares many of the design features
of Courses 1-3. Course 4 unit titles are given in the following table. Goals
and mathematical topics for each of these units can be found on pages 10-11.

Unit Titles for Course 4

1 Families of Functions

2 Vectors and Motion

3 Algebraic Functions and Equations

4 Trigonometric Functions and Equations

5 Exponential Fun.ctions, Logarithms,
and Data Modeling

6 Surfaces and Cross Sections

7 Concepts of Calculus

8 Counting Methods and Induction

Alignment with the Common Core State Standards
for Mathematics

In June 2010, the Common Core State Standards for Mathematics (CCSSM) were
released and, to date, adopted by 43 states and the District of Columbia.
Included are standards for mathematical content to be learned and for
mathematical practices (outlined below) to be cultivated.

Mathematical Practices

Make sense of problems and persevere in solving them.

Reason abstractly and quantitatively.

Construct viable arguments and critique the reasoning of others.
Model with mathematics.

Use appropriate tools strategically.

Attend to precision.

Look for and make use of structure.

O N o N e w =

Look for and express regularity in repeated reasoning.

The Core-Plus Mathematics curriculum, by design, incorporates the
Mathematical Practices into each lesson. A document with page references

CURRICULUM OVERVIEW 5
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that aligns the CCSSM to the Core-Plus Mathematics texts is available at:
www.wmich.edu/cpmp/programoverview.html

In addition to the strong alignment with the CCSSM, Core-Plus
Mathematics is designed to promote the CCSS for English Language Arts
& Literacy, particularly the anchor standards for reading, writing, and
speaking and listening related to informational texts.

Informational Text

Literary Nonfiction and Historical,
Scientific, and Technical Texts

Includes the subgenres of exposition, argument, and functional text in the form of
personal essays, speeches, opinion pieces, essays about art or literature, biographies,
memoirs, journalism, and historical, scientific, technical, or economic accounts
(including digital sources) written for a broad audience

The Common Core State Standards can be found at:
www.corestandards.org/the-standards.

Alignment with Other National and State High School
Recommendations

The mathematical content developed in Core-Plus Mathematics aligns well with
the content described in documents such as NCTM’s Principles and Standards
for School Mathematics (NCTM, 2000), the College Board Standards for College
Success: Mathematics and Statistics (2006, www.collegeboard.com), the
American Diploma Project, Achieve Secondary Mathematics Standards
(www.achieve.org/node969), and most state mathematics standards and
expectations. More detail on topic alignment to Principles and Standards for
School Mathematics is available in the front matter of each Core-Plus
Mathematics Teacher’s Guide and on the TeacherWorks CDs. Alignments by unit
to the College Board and Achieve standards adapted for integrated curricula are
available at www.wmich.edu/cpmp/programoverview.html. You may be able to
obtain correlations of Core-Plus Mathematics to your state standards from the
Glencoe Web site or from your local sales representative.

Alignment with College Recommendations

Curriculum recommendations of the Mathematical Association of America
(MAA) and the American Mathematical Association of Two-Year Colleges
(AMATYC) align well with the goals of the Core-Plus Mathematics program.

You may wish to review the MAA Curriculum Foundations Project
recommendations MAA Curriculum Foundations Project Core Mathematics in
the First Two Years at www.maa.org/features/currfound.html. You may also
wish to read the booklet Changing Core Mathematics (Small, D., MAA 2002)
that outlines a revitalization of undergraduate mathematics in the first two
years through integrated courses with a focus on inquiry and mathematical
modeling.

The American Mathematical Association of Two-Year Colleges
(AMATYC) has developed a second standards document entitled Beyond
Crossroads: Implementing Standards in the First Two Years of College. This is
available at www.beyondcrossroads.com.

IMPLEMENTING CORE-PLUS MATHEMATICS



Course 1 Units and Descriptions

Unit 1

Patterns of Change develops student ability to recognize and describe important patterns that relate
quantitative variables; to use data tables, graphs, words, and symbols to represent the relationships; and
to use reasoning and calculating tools to answer questions and solve problems.

Topics include variables and functions, algebraic expressions and recurrence relations, coordinate graphs,
data tables and spreadsheets, and equations and inequalities.

Unit 2

Patterns in Data develops student ability to make sense of real-world data through use of graphical
displays, measures of center, and measures of variability.

Topics include distributions of data and their shapes, as displayed in dot plots, histograms, and box plots;
measures of center including mean and median and their properties; measures of variability including
interquartile range and standard deviation and their properties; and percentiles and outliers.

Unit 3

Linear Functions develops student ability to recognize and represent linear relationships between variables
and to use tables, graphs, and algebraic expressions for linear functions to solve problems in situations that
involve constant rate of change or slope.

Topics include linear functions, slope of a line, rate of change, modeling linear data patterns, solving linear
equations and inequalities, and equivalent linear expressions.

Unit 4

Vertex-Edge Graphs develops student understanding of vertex-edge graphs and ability to use these graphs
to represent and solve problems involving paths, networks, and relationships among a finite number of
elements, including finding efficient routes and avoiding conflicts.

Topics include vertex-edge graphs, mathematical modeling, optimization, algorithmic problem solving,
Euler circuits and paths, matrix representation of graphs, and vertex coloring and chromatic number.

Unit 5

Exponential Functions develops student ability to recognize and represent exponential growth and decay
patterns, to express those patterns in symbolic forms, to solve problems that involve exponential change,
and to use properties of exponents to write expressions in equivalent forms.

Topics include exponential growth and decay functions, data modeling, growth and decay rates, half-life
and doubling time, compound interest, and properties of exponents.

Unit 6

Patterns in Shape develops student ability to visualize and describe two- and three-dimensional shapes,
to represent them with drawings, to examine shape properties through both experimentation and careful
reasoning, and to use those properties to solve problems.

Topics include Triangle Inequality, congruence conditions for triangles, special quadrilaterals and
quadrilateral linkages, Pythagorean Theorem, properties of polygons, tilings of the plane, properties of
polyhedra, and the Platonic solids.

Unit 7

Quadratic Functions develops student ability to recognize and represent quadratic relations between
variables using data tables, graphs, and symbolic formulas, to solve problems involving quadratic functions,
and to express quadratic polynomials in equivalent factored and expanded forms.

Topics include quadratic functions and their graphs, applications to projectile motion and economic
problems, expanding and factoring quadratic expressions, and solving quadratic equations by the quadratic
formula and calculator approximation.

Unit 8

Patterns in Chance develops student ability to solve problems involving chance by constructing sample
spaces of equally likely outcomes or geometric models and to approximate solutions to more complex
probability problems by using simulation.

Topics include sample spaces, equally likely outcomes, probability distributions, mutually exclusive
(disjoint) events, Addition Rule, simulation, random digits, discrete and continuous random variables, Law
of Large Numbers, and geometric probability.

CURRICULUM OVERVIEW
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Course 2 Units and Descriptions

Unit 1

Functions, Equations, and Systems reviews and extends student ability to recognize, describe, and use
functional relationships among quantitative variables with special emphasis on relationships that involve
two or more independent variables.

Topics include direct and inverse variation and joint variation; power functions; linear equations in
standard form; and systems of two linear equations with two variables, including solution by graphing,
substitution, and elimination.

Unit 2

Matrix Methods develops student understanding of matrices and ability to use matrices to represent and
solve problems in a variety of real-world and mathematical settings.

Topics include constructing and interpreting matrices, row and column sums, matrix addition, scalar
multiplication, matrix multiplication, powers of matrices, inverse matrices, properties of matrices, and
using matrices to solve systems of linear equations.

Unit 3

Coordinate Methods develops student understanding of coordinate methods for representing and analyzing
properties of geometric shapes, for describing geometric change, and for producing animations.

Topics include representing two-dimensional figures and modeling situations with coordinates, including
computer-generated graphics; distance in the coordinate plane, midpoint of a segment, and slope;
coordinate and matrix models of rigid transformations (translations, rotations, and line reflections), size
transformations, and similarity transformations; animation effects.

Unit 4

Regression and Correlation develops student understanding of the characteristics and interpretation of
the least squares regression equation and of the use of correlation to measure the strength of the linear
association between two variables.

Topics include interpreting scatterplots; least squares regression, residuals and errors in prediction, sum of
squared errors, influential points; Pearson’s correlation coefficient and its properties, lurking variables, and
cause and effect.

Unit 5

Nonlinear Functions and Equations introduces function notation, reviews and extends student ability to
construct and reason with functions that model parabolic shapes and other quadratic relationships in
science and economics with special emphasis on formal symbolic reasoning methods, and introduces
common logarithms and algebraic methods for solving exponential equations.

Topics include formalization of function concept, notation, domain and range; factoring and expanding
quadratic expressions, solving quadratic equations by factoring and the quadratic formula, applications to
supply and demand, break-even analysis; common logarithms and solving exponential equations using
base 10 logarithms.

Unit 6

Network Optimization develops student understanding of vertex-edge graphs and ability to use these
graphs to solve network optimization problems.

Topics include optimization, mathematical modeling, algorithmic problem solving, digraphs, trees,
minimum spanning trees, distance matrices, Hamilton circuits and paths, the Traveling Salesperson
Problem, critical paths, and the PERT technique.

Unit 7

Trigonometric Methods develops student understanding of trigonometric functions and the ability to use
trigonometric methods to solve triangulation and indirect measurement problems.

Topics include sine, cosine, and tangent functions of measures of angles in standard position in a coordinate
plane and in a right triangle; indirect measurement; analysis of variable-sided triangle mechanisms; and
Law of Sines and Law of Cosines.

Unit 8

Probability Distributions further develops student ability to understand and visualize situations involving
chance by using simulation and mathematical analysis to construct probability distributions.

Topics include Multiplication Rule, independent and dependent events, conditional probability, probability
distributions and their graphs, waiting-time (or geometric) distributions, expected value, and rare events.

8 IMPLEMENTING CORE-PLUS MATHEMATICS




Course 3 Units and Descriptions

Unit 1

Reasoning and Proof develops student understanding of formal reasoning in geometric, algebraic, and
statistical contexts and of basic principles that underlie those reasoning strategies.

Topics include inductive and deductive reasoning strategies; principles of logical reasoning—Affirming the
Hypothesis and Chaining Implications; relation among angles formed by two intersecting lines or by two
parallel lines and a transversal; rules for transforming algebraic expressions and equations; design of
experiments including the role of randomization, control groups, and blinding; sampling distribution,
randomization test, and statistical significance.

Unit 2

Inequalities and Linear Programming develops student ability to reason both algebraically and graphically
to solve inequalities in one and two variables, introduces systems of inequalities in two variables, and
develops a strategy for optimizing a linear function in two variables within a system of linear constraints
on those variables.

Topics include inequalities in one and two variables, number line graphs, interval notation, systems of
linear inequalities, and linear programming.

Unit 3

Similarity and Congruence extends student understanding of similarity and congruence and their ability
to use those relations to solve problems and to prove geometric assertions with and without the use of
coordinates.

Topics include connections between Law of Cosines, Law of Sines, and sufficient conditions for similarity
and congruence of triangles, centers of triangles, applications of similarity and congruence in real-world
contexts, necessary and sufficient conditions for parallelograms, sufficient conditions for congruence of
parallelograms, and midpoint connector theorems.

Unit 4

Samples and Variation extends student understanding of the measurement of variability, develops student
ability to use the normal distribution as a model of variation, introduces students to the binomial distribution
and its use in decision making, and introduces students to the probability and statistical inference involved
in control charts used in industry for statistical process control.

Topics include normal distribution, standardized scores, binomial distributions (shape, expected value,
standard deviation), normal approximation to a binomial distribution, odds, statistical process control,
control charts, and the Central Limit Theorem.

Unit 5

Polynomial and Rational Functions extends student ability to represent and draw inferences about
polynomial and rational functions using symbolic expressions and manipulations.

Topics include definition and properties of polynomials, operations on polynomials; completing the square,
proof of the quadratic formula, solving quadratic equations (including complex number solutions), vertex
form of quadratic functions; definition and properties of rational functions, operations on rational
expressions.

Unit 6

Circles and Circular Functions develops student understanding of relationships among special lines,
segments, and angles in circles and the ability to use properties of circles to solve problems; develops
student understanding of circular functions and the ability to use these functions to model periodic change;
and extends student ability to reason deductively in geometric settings.

Topics include properties of chords, tangent lines, and central and inscribed angles of circles; linear and
angular velocity; radian measure of angles; and circular functions as models of periodic change.

Unit 7

Recursion and Ilteration extends student ability to represent, analyze, and solve problems in situations
involving sequential and recursive change.

Topics include iteration and recursion as tools to model and analyze sequential change in real-world
contexts, including compound interest and population growth; arithmetic, geometric, and other sequences;
arithmetic and geometric series; finite differences; linear and nonlinear recurrence relations; and function
iteration, including graphical iteration and fixed points.

Unit 8

Inverse Functions develops student understanding of inverses of functions with a focus on logarithmic
functions and their use in modeling and analyzing problem situations and data patterns.

Topics include inverses of functions; logarithmic functions and their relation to exponential functions,
properties of logarithms, equation solving with logarithms; and inverse trigonometric functions and their
applications to solving trigonometric equations.

CURRICULUM OVERVIEW
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Course 4 Units and Descriptions

Unit 1

Families of Functions extends student understanding of linear, exponential, quadratic, power, and
trigonometric functions to model data patterns whose graphs are transformations of basic patterns; and
develops understanding of operations on functions useful in representing and reasoning about quantitative
relationships.

Topics include linear, exponential, quadratic, power, and trigonometric functions; data modeling;
translation, reflection, and stretching of graphs; and addition, subtraction, multiplication, division, and
composition of functions.

Unit 2

Vectors and Motion develops student understanding of two-dimensional vectors and their use in modeling
linear, circular, and other nonlinear motion.

Topics include concept of vector as a mathematical object used to model situations defined by magnitude
and direction; equality of vectors, scalar multiples, opposite vectors, sum and difference vectors, dot
product of two vectors, position vectors and coordinates; and parametric equations for motion along a
line and for motion of projectiles and objects in circular and elliptical orbits.

Unit 3

Algebraic Functions and Equations reviews and extends student understanding of properties of polynomial
and rational functions and skills in manipulating algebraic expressions and solving polynomial and
rational equations, and develops student understanding of complex number representations and
operations.

Topics include polynomials, polynomial division, factor and remainder theorems, operations on complex
numbers, representation of complex numbers as vectors, solution of polynomial equations, rational
function graphs and asymptotes, and solution of rational equations and equations involving radical
expressions.

Unit 4

Trigonometric Functions and Equations extends student understanding of, and ability to reason with,
trigonometric functions to prove or disprove two trigonometric expressions are identical and to solve
trigonometric equations; to geometrically represent complex numbers and complex number operations
and to find roots of complex numbers.

Topics include 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 complex numbers.

Unit 5

Exponential Functions, Logarithms, and Data Modeling extends student understanding of exponential
and logarithmic functions to the case of natural exponential and logarithmic functions, solution of
exponential growth and decay problems, and use of logarithms for linearization and modeling of data
patterns.

Topics include exponential functions with rules in the form f(x) = Ae*, natural logarithm function,
linearizing bivariate data, and fitting models using log and log-log transformations.

Unit 6

Surfaces and Cross Sections extends student ability to visualize and represent 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; and surfaces of revolution
and cylindrical surfaces.

Unit 7

Concepts of Calculus develops student understanding of fundamental calculus ideas through explorations
in a variety of applied problem contexts and their representations in function tables and graphs.

Topics include instantaneous rates of change; linear approximation; area under a curve; and applications
to problems in physics, business, and other disciplines.
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Course 4 Units and Descriptions (continued)

Unit 8 Counting Methods and Induction 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 listing and counting, counting trees, the Multiplication Principle of Counting,
Addition Principle of Counting, combinations, permutations, selections with repetition; the binomial
theorem, Pascal’s triangle, combinatorial reasoning; the general multiplication rule for probability; the
Principle of Mathematical Induction; and the Least Number Principle.
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Instructional Model

The manner in which students encounter mathematical ideas can contribute
significantly to the quality of their learning and the depth of their
understanding. Core-Plus Mathematics units are designed around multi-day
lessons centered on big ideas. Each lesson includes 2-4 focused mathematical
investigations that engage students in a four-phase cycle of classroom activities,
described in the following paragraphs—Launch, Explore, Share and Summarize,
and Apply. This cycle is designed to engage students in investigating and
making sense of problem situations, in constructing important mathematical
concepts and methods, in generalizing and proving mathematical relationships,
and in communicating, both orally and in writing, their thinking and the results
of their efforts. Most classroom activities are designed to be completed by
students working collaboratively in groups of two to four students.

LAUNCH class discussion

Think About This Situation

The lesson launch promotes a teacher-led discussion of a problem situation and
of related questions to think about. This discussion sets the context for the
student work to follow and helps to generate student interest. It also provides
an opportunity for the teacher to assess student knowledge and to clarify
directions for the investigation to follow.

EXPLORE group investigation

Investigation

Classroom activity then shifts to investigating focused problems and questions
related to the launching situation by gathering data, looking for and explaining
patterns, constructing models and meanings, and making and verifying
conjectures. As students collaborate in pairs or small groups, the teacher
circulates among students providing guidance and support, clarifying or asking
questions, giving hints, providing encouragement, and drawing group members
into the discussion to help groups collaborate more effectively. The
investigations and related questions posed by students and teachers drive the
learning.

SHARE AND SUMMARIZE class discussion

Summarize the Mathematics

This investigative work is followed by a teacher-led class discussion (referred to
as Summarize the Mathematics) in which students summarize and explain the
reasoning supporting mathematical ideas developed in their groups, providing
an opportunity to construct a shared understanding of important concepts,
methods, and approaches. This discussion leads to a class summary of
important ideas or to further exploration of a topic if competing perspectives
remain. Varying points of view and differing conclusions that can be justified
should be encouraged.

APPLY individual tasks
Check Your Understanding

Students are given a task to complete on their own to check and reinforce their
initial understanding of concepts and methods.
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Homework

In addition to the classroom investigations, Core-Plus Mathematics provides sets
of On Your Own tasks, which are designed to engage students in applying,
connecting, reflecting on, extending, and reviewing their evolving mathematical
knowledge. On Your Own tasks are provided for each lesson in the materials
and are central to the learning goals of each lesson. These tasks are intended
primarily for individual work outside of class. Selection of homework tasks
should be based on student performance and the availability of time and
technology. Also, students should exercise some choice of tasks to pursue, and,
at times should be given the opportunity to pose their own problems and
questions to investigate. The chart below describes the types of tasks in a
typical On Your Own set.

On Your Own: Homework Tasks

Applications These tasks provide opportunities for students to use and
strengthen their understanding of the ideas they have learned in
the lesson.

Connections These tasks help students to build links between mathematical
topics they have studied in the lesson and to connect those
topics with other mathematics that they know.

Reflections These tasks provide opportunities for students to re-examine
their thinking about ideas in the lesson.

Extensions These tasks provide opportunities for students to explore further
or more deeply the mathematics they are learning.

Review These tasks provide opportunities for just-in-time review and
distributed practice of mathematical skills to maintain
procedural fluency.

Review and Practice

Core-Plus Mathematics includes review tasks in the homework sets. The purpose
of the review tasks is two-fold. Some tasks are just-in-time review of concepts
and skills needed in the following lesson. These tasks will be designated by a
clock icon near the solution. Some tasks provide distributed practice of
mathematical skills to maintain procedural fluency. These tasks should be
completed outside of class by students. If a few students are identified as
needing additional assistance with specific skills, they should be given
additional assistance outside of class.

Practicing for Standardized Tests

Opportunities for additional review and practice are provided in the Practicing
for Standardized Tests masters in each Unit Resources booklet. Each Practicing
for Standardized Tests master presents 10 questions that draw on all content
strands. The questions are presented in the form of test items similar to how
they often appear in standardized tests such as state assessment tests, the
Preliminary Scholastic Aptitude Test (PSAT), SAT, ACT PLAN, or ACT. We
suggest using these practice sets following the unit assessment so students can
become familiar with the formats of standardized tests and develop effective
test-taking strategies for performing well on such tests.

CURRICULUM OVERVIEW 13



Technology

Additional Summarizing Activities

In Core-Plus Mathematics, students learn mathematics by doing
mathematics. However, it is important that students prepare and maintain
summaries of important concepts and methods that are developed. Students
should create a Math Toolkit that organizes important class-generated ideas
and selected Summarize the Mathematics responses as they complete
investigations. Math Toolkit Prompts are provided in this Teacher’s Guide to
assist in identifying and summarizing key concepts and methods as they are
developed by students.

In addition, the final lesson in each unit is a Looking Back lesson that
helps students review and synthesize the key mathematical concepts and
techniques developed in the unit. The Summarize the Mathematics
questions in this lesson are focused on key ideas of the unit. The Check
Your Understanding asks students to prepare a summary of the important
concepts and skills developed in the unit. Templates to guide preparation of
these unit summaries can be found in the Unit Resource Masters. Completed
Unit Summaries should become part of students” Math ToolKits.

Students should retain their Math Toolkits as they continue on to later

courses. In some districts, teachers collect these resources at the end of the
school year and return them to students in the fall.

In the 21st century, anyone who faces the challenge of learning mathematics or
using mathematics to solve problems can draw on the resources of powerful
information technology tools. Calculators and computers can help with
calculations and table-building, graphing and equation solving, drawing and
measuring, and data analysis.

Graphing Calculators

Graphing calculators with iteration capabilities are assumed for class work and
homework. Technology tips are available in the Unit Resource Masters. For
schools using the TI-Nspire™, a keystroke specific booklet of tips is available.
(See page 30.)

Computers

Periodically, it would be valuable to have one classroom computer for whole
class discussions, 4-6 classroom computers for groups to use at stations during
investigations, portable classroom sets of computers, or computer lab access.
For some homework tasks, school or home computer availability is also
desirable.

Computer Software

Appropriate use of spreadsheet, interactive geometry, data analysis, and vertex-
edge graph software, and computer algebra systems (CAS) is incorporated into
Core-Plus Mathematics units. The curriculum materials include computer
software called CPMP-Tools specifically designed to support student learning
and problem solving. CPMP-Tools is available under a Gnu-public license at
www.wmich.edu/cpmp/CPMP-Tools. A version of CPMP-Tools that does not
require Internet access is on each Core-Plus Mathematics StudentWorks™ Plus
and TeacherWorks™ Plus CD produced by Glencoe/McGraw-Hill. An extensive
Help system is built into the software.
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General All
Purpose Tools

Core-Plus

Mathematics

CPMP-Tools® Software

Announcements CPMP-Tools is a suite of both general purpose and custom software tools designed to support
< student investigation and problem solving in the 2nd edition Core-Plus Mathematics texts. Software
Program Overview for Courses 1, 2, 3, and 4 has been completed.
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The CPMP-Tools software toolkit was developed from the ground up with
specific curriculum applications in mind. Tools were developed for each
strand of the curriculum.

With the goal of reducing the steepness of the learning curve for students,
the tools and their functionality are organized by course to focus on the
intended mathematics of each of the four courses of Core-Plus Mathematics.
To promote learning transfer from one tool to another, the tools share similar
menu screens and, in some cases, interface with each other.

The suite of Java-based mathematical software includes four families of
programs.

® Algebra—The software for work on algebra problems include an
electronic spreadsheet and a computer algebra system (CAS) that
produces tables and graphs of functions, manipulates algebraic
expressions, and solves equations and inequalities.
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e Geometry—The software for work on geometry problems include an

interactive drawing program for constructing, measuring, manipulating,

and analyzing geometric figures in either coordinate or synthetic

environments.

)

e Statistics—The software for work on data analysis and probability
problems provides tools for graphic display and analysis of data,
including finding function models for bivariate data and simulation of

probability experiments. It also includes a randomization distribution and

distributions of sample means, medians, and standard deviations.
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® Discrete Mathematics—The software for work on graph theory problems
provide tools for constructing, manipulating, and analyzing vertex-edge
graphs and their adjacency matrices.

0606 Vertex-Edge Graph
File Edit Options Tests Algorithms Sample Graphs Custom Tools Help

=2 L} BIEIEIE Y -E3
(@06 Untitled

©® O O Hamilton Circuit

Graph has 8 minimum Hamilton circuits.
Select a circuit to highlight.

[(A,8B), (8,C), (C.,D), (D.E), (EF), (F.A) [#)

(Gre) @0

Select [ 19/21Mb ["Untitled 31 [[100%

In addition to the general purpose tools provided for work on tasks in
each strand of Core-Plus Mathematics, CPMP-Tools includes files that provide
electronic copies of most data sets essential for work on problems in each
Core-Plus Mathematics course. When students see an opportunity to use
computer tools for work on a particular investigation, they can select the
CPMP-Tools menu corresponding to the content involved in the problem.
Then they can select the submenu items corresponding to the required
mathematical operations and data sets. Each unit overview in the Teacher’s
Guide provides general information related to CPMP-Tools use in the unit.
Technology notes at point of use alert teachers to applicable software and
specific data sets included in the software.

In addition to the general purpose software, custom tools have been
developed for each mathematical strand. These custom tools were
developed to allow exploration and analysis of specific mathematical or
statistical concepts and topics. For examples, students study geometric
models of physical mechanisms, tessellations, and special shapes. A few of
the custom tools are shown on the next page.
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Course 1, Geometry, “Quadrilateral Linkage” Custom Tool:

Tools This custom tool allows students to experiment with 4-bar linkages to
determine the relationship between lengths of sides of the linkage that
allow one side (follower crank) to rotate partially or completely.
(Grashof’s Principle)
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Course 2, Discrete Mathematics, “Willow Forest Ecosystem” Custom Tool:
This tool was developed to facilitate student exploration of how
pollution can cause part or all of a food web in an ecosystem to become
contaminated. The digraph and a partially completed adjacency matrix
are built into the tool.
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Course 3, Statistics, “Binomial Distributions” Custom Tool:
This custom tool allows students to vary the number of successes and
the probability of a success on each trial to see how the shape, center,
and spread of binomial distributions are affected.

Binamial Distributions
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Course 3, Algebra, “Function Iteration” Custom Tool:

This custom tool illustrates the graphical iteration process for functions.
Students enter a function to iterate and choose an initial value.

0086 Function iteration
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Common Core

State Standards

Further Reading
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on Technology

Course 4, Geometry, “Contour” Custom Tool:

This custom tool was developed to facilitate student connections among
various representations of surfaces: data, coordinates, contour diagrams,
three-dimensional shapes, and relief lines.

Tool Contour 3DView Help

[olalmE

Mathematical Practice #5: Use appropriate tools strategically.

CPMP-Tools public domain software as described above provides students access
to powerful technology tools at school and at home. The accessibility offers
flexible ways for students to develop the Mathematical Practice described
below.

“Mathematically proficient students consider the available tools when
solving a mathematical problem. These tools might include pencil and
paper, concrete models, a ruler, a protractor, a calculator, a spreadsheet,

a computer algebra system, a statistical package, or dynamic geometry
software. Proficient students are sufficiently familiar with tools appropriate
for their grade or course to make sound decisions about when each of these
tools might be helpful, recognizing both the insight to be gained and their
limitations. ... They are able to use technological tools to explore and
deepen their understanding of concepts.” (CCSSM p. 7)

Alejandre, S. “The Reality of Using Technology in the Classroom.”
Technology-Supported Mathematics Learning Environments Sixty-Seventh
Yearbook. NCTM, 2005.

NCTM Position Paper. “The Use of Technology in the Learning and Teaching of
Mathematics.” (www.nctm.org/uploadedFiles/About_NCTM/Position_
Statements/Technology % 20final.pdf)
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Evaluation Results

Summary of Key
Research Findings
(1993-2010)

Formative and
Summative
Evaluation of
the 1st Edition
(1993-2002)
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\J y athematics

The field-test evaluation of the 1st edition of Core-Plus Mathematics
involved 36 high schools in 11 states, over 3,000 students, and over 125
teachers in rural, suburb