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South Carolina College- and Career-Ready Standards for Mathematics
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Overview

The purpose of this document is to provide guidance regarding how all the standards in Algebra 1, Foundations in Algebra, Intermediate Algebra,
Algebra 2, Geometry, and Probability and Statistics may be grouped into units and how those units might look. Since this document is merely
guidance, a district should implement the standards in a manner that addresses its curriculum and the specific needs of its students.

The Table of Contents below arranges the South Carolina College- and Career-Ready Standards for Mathematics for high school into Course
Coversheets and Units.

e Each high school Course Coversheet organizes the high school course standards into possible instructional units and provides links to specific
high school course Units.
e Each high school course Unit contains:

(@]

O 0O O O O

o

Clarifying notes related to the standards within the unit

New academic vocabulary in the unit

Prior and subsequent knowledge related to the unit

Description of the relationship between the standards in the unit

Possible instructional strategies and lessons organized by possible teaching sequence
Resources for the unit

Sample formative assessment tasks and questions organized by possible teaching sequence.

e Important notes about all Units:

o

Strikethroughs identify which piece(s) of a standard is not covered in a specific unit. Strikethrough portions should, however, be
covered in a different Unit before the end of the course.

Including references content that must be mastered, while e.g. references possible illustrative examples. The phrase i.e. references
the only examples or terms that should be used.

Asterisks (*) indicate Graduation Standards. Graduation Standards are not optional.
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High School Courses

Units Algebra 1 Foundations in Algebra Intermediate Algebra
Algebra 1 Coversheet Foundations in Algebra Coversheet Intermediate Algebra Coversheet
Relationships Between Quantities Relationships Between Quantities Functions: Arithmetic/Geometric
e and Expressions and Expressions Sequences and Absolute Value,
Step, and Piece-Wise Functions
) Reasoning with Linear Equations Reasoning with Linear Equations Linear Equations/Inequalities and
and Inequalities and Inequalities Systems of Equations/Inequalities
Modeling and Analyzing Quadratic | Modeling and Analyzing Quadratic .
3 ) . Polynomials
Functions Functions
a Modeling and Analyzing Modeling and Analyzing Quadratic Functions, Equations, and
Exponential Functions Exponential Functions Inequalities
5 Comparing and Contrasting Comparing and Contrasting Radical and Simple Rational
Functions Functions Functions and Equations
6 Describing Data Describing Data Exponential Functions and

Equations
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High School Courses

Units Algebra 2 Geometry Probability and Statistics
Probability and Statistics
Algebra 2 Coversheet Geometry Coversheet ¥
Coversheet
Functions: Arithmetic/Geometric . . . .
/ Points, Lines, Planes, Angles, and Categorical Data (Venn Diagrams
1 Sequences and Absolute Value, Proofs and Contingency Tables)
Step, and Piece-Wise Functions — s
) Linear Equations/Inequalities and Triaheles Quantitative Data (Graphing and
Systems of Equations/Inequalities Arangles Exploring Univariate Data)
3 Polynomials Quadrilaterals Normal Distribution
4 Quadratic Functions, ECRtNE Similarit Bivariate Data and Scatterplots
and Inequalities e -
Radical and Simple Rational . . . . . . .
5 - P ) Right Triangles and Trigonometry Sampling and Simulation Design
Functions and Equations
Exponential Functions and Basic Probability Concepts and
6 - Area and Volume .
Equations Applications
. Sampling Distributions and
7 Circles
— Expected Value
8 Statistics Extension Topics

South Carolina Department of Education | Office of Standards and Learning

May 2016

Page 4




South Carolina College- and Career-Ready Standards for Mathematics
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Algebra 1 Coversheet
Return to High School Overview or High School Table of Contents.

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6
Relationships Between | Reasoning with Linear Modeling and Modeling and .
. : . . : . Comparing and -
Quantities and Equations and Analyzing Quadratic Analyzing Exponential ) ) Describing Data
) . . ; Contrasting Functions
Expressions Inegualities Functions Functions
Standards Standards Standards Standards Standards Standards
A1.NRNS.1* A1.ACE.2* A1.NRNS.1* Al1l.FLQE.1* Al.FLQE.1* Al.FLQE.5*
A1.NRNS.2* A1.AREI.3 A1.ASE.2* Al1.FLQE.2* Al1.FLQE.1a A1.SPID.6*
A1.NRNS.3 A1.AREI.5 A1.ASE.3* A1.ACE.1* Al1.FLQE.2* A1.SPID.7*
A1.NQ.1* A1.AREL.6* A1.ASE.3a A1.ACE.2* Al1.FLQE.3* A1.SPID.8*
A1.NQ.2* A1.AREl.6a A1.ACE.1* A1.FBF.3* Al1l.FLQE.5*
A1.NQ.3* A1.AREI.6b A1.ACE.2* A1.FIF.1a A1.FBF.3*
A1.ASE.1* A1.AREIL.10* A1.ACE.4* A1.FIF.1b A1.FIF.1*
A1.AAPR.1* A1.AREl.11* A1.AREI.1* A1.FIF.1c A1.FIF.1a
A1.ACE.1* A1.AREI.12* A1.AREI.4* Al1.FIF.2* Al1.FIF.1b
A1.ACE.2* A1.FIF.1* A1.AREl.4a Al.FIF.4* Al1.FIF.1c
A1.ACE.4* Al1.FIF.1a A1.AREl.4b A1.FIF.5* A1.FIF.2*
A1.AREI.1* Al1.FIF.1b Al1.FBF.3* Al.FIF.6* A1.FIF.4*
A1.AREI.3* Al1.FIF.1c Al1.FIF.1* Al1.FIF.7* A1.FIF.5*
A1.AREI.10* A1.FIF.2* A1.FIF.1a A1.FIF.8* Al1.FIF.6*
Al1.FIF.4* Al1.FIF.1b Al1.FIF.7*
Al.FIF.5* Al1.FIF.1c Al1.FIF.9*
Al.FIF.6* Al.FIF.2*
Al.FIF.7* A1.FIF.4*
Al.FIF.8* Al.FIF.5*
Al1.FIF.9* Al.FIF.6*
Al1.FLQE.2* Al1.FIF.7*
Al.FIF.8*
Al1.FIF.8a
Al1.FIF.9*
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Algebra 1 Coversheet
Return to High School Overview or High School Table of Contents.

Mathematical Process Standards: The South Carolina College- and Career-Ready (SCCCR) Mathematical Process Standards demonstrate the ways
in which students develop conceptual understanding of mathematical content and apply mathematical skills. As a result, the SCCCR Mathematical
Process Standards should be integrated within the SCCCR Content Standards for Mathematics for each grade level and course. Since the process
standards drive the pedagogical component of teaching and serve as the means by which students should demonstrate understanding of the
content standards, the process standards must be incorporated as an integral part of overall student expectations when assessing content

understanding.

1. Make sense of problems and persevere in solving them. 5. Use a variety of mathematical tools effectively and strategically.
a. Relate a problem to prior knowledge. a. Select and use appropriate tools when solving a mathematical problem.
b.  Recognize there may be multiple entry points to a problem and more than one b. Use technological tools and other external mathematical resources to explore and
path to a solution. deepen understanding of concepts.
c. Analyze what is given, what is not given, what is being asked, and what strategies
are needed, and make an initial attempt to solve a problem.
d. Evaluate the success of an approach to solve a problem and refine it if necessary.
2. Reason both contextually and abstractly. 6. Communicate mathematically and approach mathematical situations with precision.
a. Make sense of quantities and their relationships in mathematical and real-world a. Express numerical answers with the degree of precision appropriate for the
situations. context of a situation.
b. Describe a given situation using multiple mathematical representations. b. Represent numbers in an appropriate form according to the context of the
Translate among multiple mathematical representations and compare the situation.
meanings each representation conveys about the situation. c. Use appropriate and precise mathematical language.
d. Connect the meaning of mathematical operations to the context of a given d. Use appropriate units, scales, and labels.
situation.
3. Use critical thinking skills to justify mathematical reasoning and critique the reasoning of 7. Identify and utilize structure and patterns.

others.
a. Construct and justify a solution to a problem.
b. Compare and discuss the validity of various reasoning strategies.
c.  Make conjectures and explore their validity.
d. Reflect on and provide thoughtful responses to the reasoning of others.

a. Recognize complex mathematical objects as being composed of more than one
simple object.

b. Recognize mathematical repetition in order to make generalizations.

c. Look for structures to interpret meaning and develop solution strategies.

4. Connect mathematical ideas and real-world situations through modeling.
a. ldentify relevant quantities and develop a model to describe their relationships.
b. Interpret mathematical models in the context of the situation.
c. Make assumptions and estimates to simplify complicated situations.
d. Evaluate the reasonableness of a model and refine if necessary.
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Algebra 1 Unit 1: Relationship Between Quantities and Expressions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

Algebra 1 Unit 1 Title

Relationships Between Quantities and Expressions

Content Standards with Clarifying Notes

Prior Knowledge Required for this Unit

Possible Instructional Strategies/Lessons

New Academic Vocabulary for This Unit

Subsequent Knowledge Related to this Unit

Resources

Relationship Among Standards in this Unit

Sample Formative Assessment Tasks/Questions
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Algebra 1 Unit 1: Relationship Between Quantities and Expressions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e A1.NRNS.1* Rewrite expressions involving simple radicals and rational exponents in different forms.
o Apply properties of exponents to write equivalent expressions that include simple radicals (e.g., square roots and cube roots) and
integer exponents.
o Expand properties of exponents to write equivalent expressions that include rational exponents.
e A1.NRNS.2* Use the definition of the meaning of rational exponents to translate between rational exponent and radical forms.
o Convert expressions with fractional exponents to equivalent radical forms and vice-versa.
e A1.NRNS.3 Explain why the sum or product of rational numbers is rational; that the sum of a rational number and an irrational number is
irrational; and that the product of a nonzero rational number and an irrational number is irrational.
o Use the property of set closure to include rational and irrational numbers under addition and multiplication.
e A1.NQ.1* Use units of measurement to guide the solution of multi-step tasks. Choose and interpret appropriate labels, units, and scales
when constructing graphs and other data displays.
o Convert units of measure, as appropriate (e.g., using like units to compare or combine lengths), to solve multi-step performance
tasks.
o Apply dimensional analysis to convert units of measure.
o Analyze the context of problems to determine the appropriate unit(s) of measure.
o Select and interpret appropriate units of measure when solving real-world contexts involving formulas.
e A1.NQ.2* Label and define appropriate quantities in descriptive modeling contexts.
o Identify the variables or quantities from data displayed in a given model (e.g., text, graph, picture, or algebraic formula)
o Select the appropriate unit of measure for variables or quantities presented in a given model.
e A1.NQ.3* Choose a level of accuracy appropriate to limitations on measurement when reporting quantities in context.
o Report solutions to problems with the appropriate level of accuracy, and with precision if necessary, for the unit of measure given in
the context of the problem and/or the measuring tool used.

South Carolina Department of Education | Office of Standards and Learning
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Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

e A1.ASE.1* Interpret the meanings of coefficients, factors, terms, and expressions based on their real-world contexts. Interpret complicated
expressions as being composed of simpler expressions.

(@]

@)
@)
@)

Limit to linear expressions for Unit 1; expand to quadratic in Unit 3 and exponential in Unit 4.

Rational functions are not taught in Algebra 1.

Recognize that an algebraic expression can be composed of multiple terms and represent unknown real number value(s).

Simplify or factor complicated expressions by combining like terms or extracting the Greatest Common Monomial (factor) to show
equivalent expressions (e.g., 2x + 2y = 10 is equivalentto x + y = 5).

e AI1.AAPR.1* Add, subtract, and multiply polynomials and understand that polynomials are closed under these operations.

o

@)
@)
@)

Limit to linear in Unit 1.

Expand the properties and operations of real numbers to include polynomial expressions.

Introduce the term polynomial.

Develop foundational knowledge regarding algebraic terms and polynomial expressions and the properties of operations applied to
polynomials.

e A1.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving linear, guadratic;simple
rationaland-exponential relationships. Interpret the solutions and determine whether they are reasonable.

@)
@)
@)
@)
©)

©)

Limit to linear in Unit 1

Expand to quadratic in Unit 3 and exponential in Unit 4.

Rational functions are not taught in Algebra 1.

Use real-world contexts to generate and solve equations and inequalities in one variable.
Analyze solutions for their meaning and rationale within the given context.

Interpreting solutions includes solutions graphed on a number line.

e A1.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales.

©)

O O O O O

Limit to linear and introduce the terms direct variation and indirect variation in Unit 1.

Expand to quadratic in Unit 3 and exponential in Unit 4.

Rational functions are not taught in Algebra 1.

Understand that linear equations define the relationship between two variables.

Generate and graph equations to represent the relationship between two variables.

Use appropriate labels, units, and scales to represent the relationship of two variables in a given real-world context.
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South Carolina College- and Career-Ready Standards for Mathematics
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Algebra 1 Unit 1: Relationship Between Quantities and Expressions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

e A1.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.
o Apply the properties and operations of real numbers to solve for a specified variable (e.g., solve a linear equation in standard form
for y; solve A = lw for w, and include other formulas from a variety of disciplines).
e A1.AREL1* Understand and justify that the steps taken when solving simple equations in one variable create new equations that have the
same solution as the original.
o State the property or operation being applied that explains why each step of solving an equation generates an equivalent equation.
o Verify by substitution that the variable’s solution in the last step solves the equation for the given problem.
e A1.AREL3* Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters.
o Apply the properties and operations of real numbers to equations and inequalities to solve for a specified variable (e.g., solve for x in
3x — 9 = 15; solve the slope-intercept equation y = mx + b for m; solve y = mx + b for x).
e A1.AREL10* Explain that the graph of an equation in two variables is the set of all its solutions plotted in the coordinate plane.
o Use algebraic and graphical formats to justify that the set of solutions is a one-to-one relationship, which can be graphed with
ordered pairs (i.e., domain, range).

South Carolina Department of Education | Office of Standards and Learning
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Algebra 1 Unit 1: Relationship Between Quantities and Expressions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

New Academic Vocabulary for This Unit

e Compound Inequalities (notation only)
e Direct Variation

e [ndex (Root)

e Indirect Variation

e Polynomial

e Radical

e Radicand

e Rational Exponents

South Carolina Department of Education | Office of Standards and Learning
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Algebra 1 Unit 1: Relationship Between Quantities and Expressions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

Prior Knowledge Required for this Unit

In earlier grades, students have developed conceptual knowledge and have had the opportunity to learn how to:

e Understand and apply the constant of proportionality (7.RP.2).

e Determine and apply the constant rate of change (8.F.3; 8.F.4).

e Understand the relationship between independent and dependent variables (6.EEI.9; 8.F.1).

e Be able to evaluate square and cubic roots, and recognize perfect and non-perfect squares as rational and irrational correspondingly
(8.EEL2).

e Transform and apply the Pythagorean Theorem particularly as it relates to rational and irrational squares (8.EEI.2a, b, and d).

e Understand fundamental concepts of functions, including one-to-one relationships, particularly as communicated as domain to range within
ordered pairs (8.F.1).

e Understand and apply the properties of exponents (8.EEI.1).

e Graph the solution of one variable inequality on the number line (7.EEl.4c).

e Understand that slope is a rate of change from one quantity in relation to another quantity within real world and mathematical situations
(8.EEL5b).

e Understand the critical attributes of linear and nonlinear functions (8.F.3).

e Represent linear functions, particularly in the form of y = mx + b through table, equation, and graphical form, and identify value and
meanings of slope/rate and y-intercept/initial value as found within real-world and mathematical situations (8.F.3, 8.F.4, 8.F.5, 8.EEEL.6).

e Solve for a single variable in a multiple variable equation and inequalities in real-world and mathematical situations (8.EEEI.7a and d).

e Generate and graph linear equations (8.F.1c and e; 8.F.4b; 8.F.5).

e Understand and apply the properties of operations, equality, and inequality.

South Carolina Department of Education | Office of Standards and Learning
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Algebra 1 Unit 1: Relationship Between Quantities and Expressions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

Subsequent Knowledge Related to this Unit

e Algebra 1 Unit 1 develops one- and two-variable linear equation concepts (A1.ASE.1*; A1.ASE.2*).
o Will apply and expand to include quadratic (Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions) and exponential
equations (Algebra 1 Unit 4: Modeling and Analyzing Exponential Functions).
e Algebra 1 Unit 1 recognizes an early form of factoring is to identify and extract the greatest common numeric or algebraic term, such as
2x + 2y = 10 can be represented as x + y = 5 (Al. ACE.4*; A1.ASE.1*; A1.ASE.2*).
o Will be extended to factor and simplify polynomials, specifically quadratics (Algebra 1 Unit 3: Modeling and Analyzing Quadratic
Functions).
e Algebra 1 Unit 1 simplifies or factors complicated expressions by combining like terms or extracting the Greatest Common Monomial (factor)
to show equivalent expressions (A1.ASE.1%*).
o Will apply to primarily common monomial factoring (Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions).
e Algebra 1 Unit 1 graphs one-variable inequalities on a number-line (A1.FIF.5%).
o Will extend as a possible means to express the domain and range in compound inequality notation in future units.
e Algebra 1 Unit 1 compares functions’ graphical, symbolic, or tabular forms (A1.NQ.2*; A1.AREI.10*).
o Will utilize the application of the functions’ graphical, symbolic, or tabular form, particularly to measure the average rate of change
(A1.FIF.6* in Algebra 1 Units 2, 3, 4, and 5).
e Algebra 1 Unit 1 introduces direct and indirect variation in linear applications (A1.ACE.2%*).
o Will expand study of linear relationships (Algebra 1 Unit 2: Reasoning with Linear Equations and Inequalities).
e Algebra 1 Unit 1 simplifies radicals and rationalizes denominators involving square roots and extending to cube roots as appropriate
(A1.NRNS.1*).
o Will be applied in simplifying and solving literal equations and quadratics, and rationalizing will be applied in subsequent course of
Geometry, such as applications with 30 — 60 — 90 triangles (Geometry Unit 5: Right Triangles and Trigonometry).
e Algebra 1 Unit 1 defines, rewrites and explores the relationship between rational exponents and simple radicals, and the relationship of
irrational numbers as subset of the entire real number systems (A1.NRNS.1*; A1.NRNS.2*; A1.NRNS.3*).
o Will develop skills found within finding square roots, completing the square, applying the quadratic formula and factoring of
guadratic functions using other methods (Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions).
e Algebra 1 Unit 1 rewrites and simplifies simple radicals (A1.NRNS.1%*).
o Will be extended, such as simplifying square roots and rationalizing a denominator (Algebra 1 Unit 3: Modeling and Analyzing
Quadratic Functions).

South Carolina Department of Education | Office of Standards and Learning
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e Algebra 1 Unit 1 develops fluency in variable manipulation (A1.ACE.4*).
o Will solve for specified variables and substitute equivalent algebraic value(s) to rewrite functions of linear equations (Unit 2;
Reasoning with Linear Equations and Inequalities) and quadratic functions (Algebra 1 Unit 3: Modeling and Analyzing Quadratic
Functions) and to compare such functions (Algebra 1 Unit 5: Comparing and Contrasting Functions).
e Algebra 1 Unit 1 writes equations of linear functions with two variables (A1.ACE.2*).
o Will be extended with the point-slope form and its various applications (Unit 2: Reasoning with Linear Equations and Inequalities);
o Will expand to quadratics (Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions) and exponential functions (Unit 4:
Modeling and Analyzing Exponential Functions).
e Algebra 1 Unit 1 develops fluency of polynomial operations and foundational knowledge of algebraic terms and polynomial expressions
(A1.AAPR.1%).
o Will facilitate linear applications (Algebra 1 Unit 2: Reasoning with Linear Equations and Inequalities), quadratic applications and
factoring (Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions), and other functions in units to follow.
e Algebra 1 Unit 1 develops understanding of functions in two variables and the variables’ relationship expressed in table, equation and
graphical forms (A1.AREL.10%*).
o Will connect to linear functions (Algebra 1 Unit 2: Reasoning with Linear Equations and Inequalities), quadratic functions (Algebra 1
Unit 3: Modeling and Analyzing Quadratic Functions), and exponential functions (Algebra 1 Unit 4: Modeling and Analyzing
Exponential Functions) as students begin to use function notation.
e Algebra 1 Unit 1 (and Grade 8) limits the algebraic form of a linear function to y = mx + b.
o Will apply function notation f(x) in subsequent units and courses.

South Carolina Department of Education | Office of Standards and Learning
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Algebra 1 Unit 1: Relationship Between Quantities and Expressions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

Relationship Among Standards in this Unit

The standards in Unit 1 provide the foundational knowledge for concepts developed in Algebra 1 in subsequent units. Students will interpret the
structure of expressions, equations, and inequalities involving one or more variables and solve problems related to unit analysis. Students will
construct meaning about the relationships among variables, including direct and indirect variations, through real-world contexts and through
algebraic, verbal, graphic, and tabular models. Tasks will progress from simple equations and inequalities to complex equations in two or more
variables. Real-world contexts, relevant to STEM-related or other career fields, will engage students in mathematical practices while applying
properties and performing operations with quantities involving given units of measure. Measurement units in these contexts may necessitate a
conversion, which will require students to attend to precision and accuracy. Students will write, graph, and solve linear equations or inequalities to
represent the relationship between independent and dependent variables. Graphing relationships will require students to use appropriate labels,
units, and scales on the axes. They will employ logic and reasoning to interpret and explain the meaning of a solution or a set of solutions. From
solving linear equations or inequalities in one-variable to rewriting or solving a formula involving two or more variables, students will fluently solve
for given variables. Investigation of compound inequalities (written, symbolic, and number line graphing) will empower students to express domain
and range using compound inequality notation. The properties of rational and irrational numbers and operations with polynomials are included as a
preparation for working with quadratic functions later in the course. Students will simplify radicals and rationalize denominators involving square
roots and extending to cube roots as appropriate.

South Carolina Department of Education | Office of Standards and Learning
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Algebra 1 Unit 1: Relationship Between Quantities and Expressions
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 1.

Exponent Foundations (A1.NRNS.1*; A1.NRNS.2*; A1.NRNS.3)

a. Basic Exponent Properties Review
Khan Academy: Basic Exponent Properties Review

b. Relationship Between Rational Exponents and Simple Radicals
Khan Academy: Rational and Irrational
Math Practices: Rational and Irrational
MathBitsNotebook: Exponents
Purple Math: Relationship Notes

c. Simplifying Radicals and Rationalizing Denominators
Khan Academy: Rationalizing a Denominator Video
Math Open Reference: Simplifying Radicals
MathBitsNotebook: Simplifying and Rationalizing Denominators

NRICH: Tilted Squares
Virtual Nerd: Simplifying with Square Roots

Understanding and Representing Quantity (A1.NQ.1*; A1.NQ.2*; A1.NQ.3)
a. Understand the Appropriateness of Unit Size in a Real-World Context
The Scale of Universe: Scale of Universe
Alysion: Dimensional Analysis:Notes and Summary.
b. Unit Conversion Analysis
Virginia: Choosing Appropriate Unit of Measurement
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https://www.khanacademy.org/math/pre-algebra/exponents-radicals/exponent-properties
https://www.khanacademy.org/math/algebra/rational-and-irrational-numbers/rational-and-irrational-expressions/v/proof-that-sum-of-rational-and-irrational-is-irrational
http://mathpractices.edc.org/content/sum-rational-and-irrational-irrational
http://mathbitsnotebook.com/Algebra1/Exponents/EXFractional.html
http://www.purplemath.com/modules/exponent5.htm
https://www.khanacademy.org/math/algebra/exponent-equations/simplifying-radical-expressions/v/how-to-rationalize-a-denominator
http://mathbitsnotebook.com/Algebra1/Radicals/RADSimplifyingRadicals.html
http://mathbitsnotebook.com/Algebra1/Radicals/RADSimplifyingRadicals.html
http://nrich.maths.org/2293
http://www.virtualnerd.com/tutorials/?id=Alg1_13_01_0003
http://scaleofuniverse.com/
http://www.alysion.org/dimensional/fun.htm
http://www.doe.virginia.gov/instruction/mathematics/middle/algebra_readiness/curriculum_companion/units.pdf

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document

Algebra 1 Unit 1: Relationship Between Quantities and Expressions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

Interpret the Meanings of Expressions (A1.ASE.1%)

a.

b.

Interpreting Expressions

Mathematics Assessment Project — Mathematics Assessment Resource Service: Interpreting Algebraic Expressions: Online Lesson Plan

Translation of Expressions
MathBitsNotebook: Expression Translation
MathBitsNotebook: Expression Practice
Evaluation of Expressions

Mathematics Assessment Project — Mathematics Assessment Resource Service: Classroom Challenges (Formative Assessment Lessons)

MathBitsNotebook: Expression Evaluation
Khan Academy: Expression Evaluation
Virtual Nerd: Variable Substitution

Polynomial Operations (A1.AAPR.1%)

a.

Polynomial Definition and Concepts

Mathematics Assessment Project — Mathematics Assessment Resource Service: Generating Polynomials from Patterns

MathBitsNotebook: Defining and Classifying Polynomials

Polynomial Addition and Subtraction

MathBitsNotebook: Polynomial Addition and Subtraction

Virtual Nerd: Adding Polynomials

Virtual Nerd: Subtracting Polynomials

Virtual Nerd: Subtracting Polynomials (Difference in Length and Width)

Monomial by Polynomials

MathBitsNotebook: Monomial by Polynomial Multiplication
Virtual Nerd: Monomial by Polynomial Multiplication
Binomial Multiplication

MathBitsNotebook: Binomial Multiplication

Virtual Nerd: Binomial Multiplication

Virtual Nerd: FOIL Binomial Multiplication

Virtual Nerd: Grid Method Multiplication
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http://map.mathshell.org/lessons.php?unit=9225&collection=8
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEtranslations.html
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEequationPractice.html
http://map.mathshell.org/background.php
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEevaluating.html
https://www.khanacademy.org/math/algebra/introduction-to-algebra/variable-and-expressions/v/variables-and-expressions-1
http://www.virtualnerd.com/algebra-1/algebra-foundations/variables-expressions/algebraic-expressions/plugging-variables-into-expressions
http://map.mathshell.org/lessons.php?unit=9230&collection=8
http://mathbitsnotebook.com/Algebra1/Polynomials/POpolys.html
http://mathbitsnotebook.com/Algebra1/Polynomials/POaddsubtract.html
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/add-subtract/add/addition-example
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/add-subtract/subtract/subtraction-example
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/add-subtract/subtract/subtraction-word-problem
http://mathbitsnotebook.com/Algebra1/Polynomials/POmultiply.html
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/monomials-polynomials/polynomials/monomial-by-polynomial-multiplication
http://mathbitsnotebook.com/Algebra1/Polynomials/PObinomial.html
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/distributive-multiplicaton/binomial-multiplication-distributive-property
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/foil-multiplicaton/foil-method-example-problem
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/foil-multiplicaton/grid-multiplication-method

South Carolina College- and Career-Ready Standards for Mathematics
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e. Polynomial (more) Multiplication
MathBitsNotebook: Special Binomial Multiplication
MathBitsNotebook: Polynomial Multiplication
Virtual Nerd: Polynomial Multiplication
Virtual Nerd: Polynomial Grid Multiplication Application
Georgia Department of Education: Mathematics Framework — Polynomials Multiplication Unit

Creating and Solving Equations (A1.ACE.1*; A1.ACE.2*; A1.ACE.4*; A1.AREIL.1*; A1.AREI.3%*)
a. Direct and Indirect Variation Discussion
Cliffs Notes Notebook: Direct and Inverse Variation Notes and Practice Quiz
Virtual Nerd: Video Discussion on Direct Variation and How to Write an Equation in a Problem Situation
Khan Academy: Video Discussion on Direct and Inverse Variation
b. Solving One-Variable Equations
MathBitsNotebook: Solving Multi-Step Equations
MathBitsNotebook: Solving Multi-Step Equations: Practice
Virtual Nerd: Solving Multi-Step Equations: With Distributive Property
Virtual Nerd: Solving Multi-Step Equations: Clearing Fractions
Virtual Nerd: Solving Multi-Step Equations: With No Solution
Virtual Nerd: Solving Multi-Step Equations: Word Problem
Khan Academy: Solving Multi-Step Equations: Intuition Exercise
Khan Academy: Exercise Activity
c. Analyzing Multi-Step Equations
Mathematics Assessment Project — Mathematics Assessment Resource Service: Building and Solving Complex Equations
d. Linear Rates
EngageNY: Linear Rates
Mathematics Assessment Project — Mathematics Assessment Resource Service: Building and Solving Linear Equations: Online Lesson Plan
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http://mathbitsnotebook.com/Algebra1/Polynomials/PObispecial.html
http://mathbitsnotebook.com/Algebra1/Polynomials/POpolynomial.html
http://mathbitsnotebook.com/Algebra1/Polynomials/POpolynomial.html
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/distributive-multiplicaton/trinomial-multiplication
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/distributive-multiplicaton/trinomial-multiplication-word-problem
https://www.georgiastandards.org/Frameworks/GSO%20Frameworks/9-12%20Math%20I%20Student%20Edition%20Unit%202%20Algebra%20Investigations.pdf
http://www.cliffsnotes.com/math/algebra/algebra-i/functions-and-variations/variations
http://www.cliffsnotes.com/math/algebra/algebra-i/functions-and-variations/quiz-variations
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/direct-variation/direct-variation-examples/find-direct-variation
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/direct-variation/direct-variation-examples/direct-variation-equation-word-problem
https://www.khanacademy.org/math/algebra2/rational-expressions/direct_inverse_variation/v/direct-and-inverse-variation
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEsolveequations.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEPracEquations.html
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/variables-both-sides-solution/variables-grouping-symbols-both-sides
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/variables-both-sides-solution/variables-and-fraction-both-sides-example
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/identity-and-no-solution-equations/no-solution-equation-example
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/variables-both-sides-solution/word-problem-solve-equation-variables-both-sides
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/why-of-algebra/v/one-step-equation-intuition-exercise-intro
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/why-of-algebra/e/one_step_equation_intuition
http://map.mathshell.org/lessons.php?unit=9215&collection=8
https://www.engageny.org/resource/algebra-i-module-1-topic-d-lesson-25
https://www.engageny.org/resource/algebra-i-module-1-topic-d-lesson-25
http://map.mathshell.org/lessons.php?unit=8245&collection=8
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e.

Solving Literal Equations

MathBitsNotebook: Solving Literal Equations
MathBitsNotebook: Solving Literal Equations: Practice Problems
Virtual Nerd: What is a Literal Equation

Virtual Nerd: Solving Literal Equations

Khan Academy: Solving Literal Equations

Khan Academy: Solving Literal Equations: Practice

Khan Academy: Celsius and Fahrenheit

Solving, Interpreting, and Graphing Inequalities in One-Variable (A1.ACE.1*; A1.AREI.3%)

a.

Inequality Concepts

Interpreting Solutions by Graphing One-Variable Solution
MathBitsNotebook: MathBitsNotebook: Basic Inequalities Information
MathBitsNotebook: MathBitsNotebook: Compound Inequalities
Solving One-Variable Inequalities

MathBitsNotebook: Solving One-Variable Inequalities
MathBitsNotebook: Solving One-Variable Inequalities Practice
Virtual Nerd: Solving One-Variable Inequalities: Two Steps
Virtual Nerd: Solving One-Variable Inequalities: Multiple Steps
Inequality Applications

MathBitsNotebook: Inequalities Word Problem: Practice

Graphing Linear Equations (A1.ACE.2*; A1.AREI.10%)

a.

Linear Equations

Virtual Nerd: What Is A Linear Equation

Table Method

Virtual Nerd: Graphing Table Method

MathBitsNotebook: Graphing Linear Equations Using Table Method
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http://mathbitsnotebook.com/Algebra1/LinearEquations/LEliteral.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEliteral.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://www.virtualnerd.com/algebra-1/linear-equations-solve/isolate-variables-formulas-examples/isolate-variable/literal-equation-definition
http://www.virtualnerd.com/algebra-1/linear-equations-solve/isolate-variables-formulas-examples/isolate-variable/literal-equation-definition
http://www.virtualnerd.com/algebra-1/linear-equations-solve/isolate-variables-formulas-examples/isolate-variable/isolate-variables-in-terms-of-variables
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/v/solving-for-a-variable
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/v/solving-for-a-variable
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/e/solving_for_a_variable
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/e/solving_for_a_variable
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/v/solving-for-a-variable-2
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/v/solving-for-a-variable-2
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://www.virtualnerd.com/algebra-1/linear-inequalities/multi-step-examples/multi-step-solutions/inequality-two-step-solution-and-graph
http://www.virtualnerd.com/algebra-1/linear-inequalities/multi-step-examples/multi-step-solutions/multi-step-reverse-order-of-operations
http://mathbitsnotebook.com/Algebra1/Inequalities/IQAppliedPractice.html
http://mathbitsnotebook.com/Algebra1/Inequalities/IQAppliedPractice.html
http://www.virtualnerd.com/algebra-1/relations-functions/graphing-linear-equations/identifying-linear-equations/linear-equation-definition
http://www.virtualnerd.com/algebra-1/relations-functions/graphing-linear-equations/graphs-examples/linear-equation-graphing-method
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
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c. Slope-Intercept Method
Virtual Nerd: Graphing By Slope-Intercept
MathBitsNotebook: Graphing Linear Equations Using Slope Intercept Method
MathBitsNotebook: Graphing Linear Equations Using Slope Intercept Method - Practice Problems
Math Open Reference: Lines On Coordinate Plane
Math Open Reference: Slope-Intercept
Math Open Reference: Slope-Intercept Applet
Shodor: Slope-Intercept Slider
d. Intercepts Method
Virtual Nerd: Graphing By Intercepts Method
MathBitsNotebook: Graphing Linear Equations Using Intercept Methods (including calculator guide)
e. Modeling and Applications
MathBitsNotebook: Graphing Linear Equations - Mixed Practice Problems
NCTM llluminations: Bathtub Water Levels (Slope-Intercept: Negative Slope)
f. Rate of Change
Virtual Nerd: Rate Of Change

a. Inside Mathematics: Performance Assessment Tasks
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http://www.virtualnerd.com/algebra-1/linear-equation-analysis/slope-intercept-form/slope-intercept-form-examples/graph-line-given-slope-intercept
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://www.mathopenref.com/coordlineintro.html
http://www.mathopenref.com/linearexplorermxb.html
http://www.mathopenref.com/common/appletframe.html?applet=linearexplorermxb&wid=640&ht=480
http://www.shodor.org/interactivate/activities/SlopeSlider/?version=1.5.0_06&browser=MSIE&vendor=Sun_Microsystems_Inc.
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/intercept/intercept-examples/x-y-intercepts-graph-standard-line
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://illuminations.nctm.org/Lesson.aspx?id=1469
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/slopes/rate-of-change-definition
http://www.insidemathematics.org/performance-assessment-tasks
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Resources

Application Resources (Downloadable Lessons, Video, Applets, and Online Algebra Notes)
a. Algebra 1 Skills: Algebra 1 Skills
Cliff Notes: Algebra 1
Emergent Math: Emergent Math
EngageNY: Algebra 1 Module 1
Georgia Department of Education: 9 - 12 Standards Framework
Khan Academy: Introduction to Algebra
Math Open Reference Math Open Reference
MathBitsNotebook: Algebra 1
Mathematics Assessment Project — Mathematics Assessment Resource Service: Assessing 21st Century Mathematics

T T@m oo 0o

j.  Virtual Nerd: Algebra 1

Dictionaries, Calculators, and Templates (Graphs and Graphic Organizers)
a. A Maths Dictionary for Kids: Math Charts
A Maths Dictionary for Kids: Math Dictionary
Math Open Reference: Calculator
Math Open Reference: Full-Size Calculator
North Central Regional Educational Laboratory: Graphic Organizers
University of Georgia Mathematics Education Program: Interactive Mathematics Dictionary
g. Web 2.0: Calculator

N

Teaching Strategies
a. Creative Educator: Authentic Tasks - Write a Great Authentic Task
Creative Educator: Project-Based Learning

c. llustrative Mathematics: |llustrative Mathematics Homepage
d. Math Video Instructional Development Source: Authentic Contexts
e. Power Up What Works: Math Strategies that Work Research
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https://commoncorealgebra1.wikispaces.hcpss.org/
http://www.cliffsnotes.com/math/algebra/algebra-i
http://emergentmath.com/
https://www.engageny.org/resource/algebra-i-module-1
https://www.georgiastandards.org/Frameworks/Pages/BrowseFrameworks/math9-12.aspx
https://www.khanacademy.org/math/algebra/introduction-to-algebra
http://www.mathopenref.com/index.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://map.mathshell.org/
http://www.virtualnerd.com/algebra-1/all
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/common/calcappletframe.html?applet=calculator&wid=600&ht=400
http://www.ncrel.org/sdrs/areas/issues/students/learning/lr2grap.htm
http://intermath.coe.uga.edu/dictnary/homepg.asp
http://web2.0calc.com/
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
https://www.illustrativemathematics.org/
http://fcit.usf.edu/mathvids/strategies/ac.html
http://powerupwhatworks.org/resource/research-math-practices
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Sample Formative Assessment Tasks/Questions

Arithmetic with Polynomials and Expressions (A1.AAPR.1%)
a. lllustrative Mathematics Task: Powers of 11
b. NRICH: Quadratic Patterns
c. NRICH: Square Number Surprises

Building Functions, Solving Equations and Inequalities, and Describing Relationships (A.NQ.2*; A1.ACE.1*; A1.ACE.2*; A1.AREI.10%*)
a. lllustrative Mathematics: Cash Box

Illustrative Mathematics: Equations and Formulas

Illustrative Mathematics: Reasoning with Linear Inequalities

Illustrative Mathematics: Rewriting Equations

Illustrative Mathematics: Same Solutions

=000 o

Illustrative Mathematics: Traffic Jam
g. MathBitsNotebook: Solving One-Variable Equations - Summary Practice

Graphing Equations (A1.ACE.2*; A1.AREI.10%*)
a. MathBitsNotebook: MathBitsNotebook - Practice Graphing Linear Equations

Interpret the Meanings of Expressions (A.ASE.1%*)
a. lllustrative Mathematics: Animal Populations
Illustrative Mathematics: Delivery Trucks
[llustrative Mathematics: Delivery Trucks (this is a different approach)
Illustrative Mathematics: Equivalent Expressions
lllustrative Mathematics: Mixing Candies
Illustrative Mathematics: Seeing Dots

i

MathBitsNotebook: Basic Algebraic Expression Assessment
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https://www.illustrativemathematics.org/content-standards/HSA/APR/A/1/tasks/1654
http://nrich.maths.org/11011
http://nrich.maths.org/11194
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/tasks/462
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/4/tasks/393
https://www.illustrativemathematics.org/content-standards/HSA/REI/A/1/tasks/807
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/4/tasks/1828
https://www.illustrativemathematics.org/content-standards/HSA/REI/A/tasks/613
https://www.illustrativemathematics.org/content-standards/HSN/Q/A/tasks/84
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/436
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/531
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/1343
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/2/tasks/87
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/389
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/2/tasks/21
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
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Real Number System (A1.NRNS.1*; A1.NRNS.2*; A1.NRNS.3)

a.

S®m o o0 T

Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:

Calculating the Square Root of 2

Checking a Calculations of a Decimal Point

Evaluating a Special Exponential Expression

Evaluating Exponential Expressions

Operations with Rational and Irrational Numbers

Rational or Irrational?

Sums of Rational and Irrational Numbers

New Zealand Maths: |t Sounds Like Mah Jong
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https://www.illustrativemathematics.org/content-standards/HSN/RN/B/tasks/764
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/2/tasks/1220
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/1/tasks/1823
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/1/tasks/1866
https://www.illustrativemathematics.org/content-standards/HSN/RN/B/3/tasks/690
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/2/tasks/608
https://www.illustrativemathematics.org/content-standards/HSN/RN/B/3/tasks/1817
http://nzmaths.co.nz/resource/it-sounds-mah-jong
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Algebra 1 Unit 2 Title

Reasoning with Linear Equations and Inequalities

Content Standards with Clarifying Notes

Prior Knowledge Required for this Unit

Possible Instructional Strategies/Lessons

New Academic Vocabulary for This Unit

Subsequent Knowledge Related to this Unit

Resources

Relationship Among Standards in this Unit

Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e A1.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales.
o Limit to linear in Unit 1. Expands to quadratic in Unit 3 and exponential in Unit 4. Rational functions are not taught in Algebra 1.
o Understand that linear equations define the relationship between two variables, and graph equations to represent that.
o Write an equation of a line given a point and slope, both algebraic in model and application
o Write an equation of a line given at least two points, both algebraic in model and application
e A1.AREL3 Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters.
o Apply the properties and operations of real numbers to equations and inequalities to solve for a specified variable (e.g., to solve a
slope-intercept equation or point-slope equation for x or another specified variable; or y > mx + b for x).
o Apply the properties and operations of real numbers to the standard form of a linear equation to find the x-intercept, the y-intercept,
or the slope of the function.
e A1.ARELS5 Justify that the solution to a system of linear equations is not changed when one of the equations is replaced by a linear
combination of the other equation.
o Define system of equations and solution of a system.
o Multiply by the same number on both sides of the equal sign to produce equivalent equations.
o Replace one equation with the sum of that equation and a multiple of the other to create a system with the same solutions as the
original equation.
o Substitute the common solution (if there is one) into a system to validate every equation.
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e A1.AREL6* Solve systems of linear equations algebraically and graphically focusing on pairs of linear equations in two variables.
o Determine the approximate solution to a system of linear equations by graphing both equations and estimating the point of
intersection.
Solve a system of linear equations algebraically (by substitution or elimination/linear combinations) to find an exact solution.
Explain why some linear systems have no solutions and identify linear systems that have no solutions.
Explain why some linear systems have infinitely many solutions and identify linear systems that have infinitely many solutions.
Understand that linear systems can be solved multiple ways and that one method might be more efficient than others. (e.g.,
y;, = mx + b and y, = mx + b suggests the graphing or substitution method, y; = mx + b and Ax + By = C suggests the
substitution method).
o Graph the linear equations of a system to determine if the system has one, none, or infinitely many common solutions (points of
intersection).
o Manipulate the equations within a linear system algebraically (through substitution or elimination) to determine the common
solution, if any exists.
o Verify by substitution that the variables’ solutions (x, y) solve the original equations.
e A1.AREl.6a Solve systems of linear equations using the substitution method.
o Solve and verify the exact solution of a system of equations using substitution.
e A1.AREL6b Solve systems of linear equations using linear combination.
o Eliminate a variable algebraically to find an exact solution for a system of linear equations.
o Verify by substitution that the variable’s solutions (x, y) solve the original equations.
e A1.AREL10* Explain that the graph of an equation in two variables is the set of all its solutions plotted in the coordinate plane.
o Verify that any point on a graph will result in a true equation when their coordinates are substituted into the equation.
e A1.AREL11* Solve an equation of the form f(x) = g(x) graphically by identifying the x-coordinate(s) of the point(s) of intersection.
o Understand that point of intersection on the graph of a system of equations, y = f(x) and y = g(x), represents a solution to both
equations.
o Inferthatsincey = f(x) andy = g(x), f(x) = g(x) by the substitution property.
o Verify that the x-coordinate of the points of intersection for y = f(x) and y = g(x) are also the solutions for f(x) = g(x).
o Use a graphing calculator to determine the approximate solutions to a system of equations f(x) and g(x).
e A1.AREL12* Graph the solutions to a linear inequality in two variables.
o Graph a linear inequality on a coordinate plane, resulting in a boundary line (solid or dashed) and a shaded half-plane.

o O O O
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e Al.FIF.1a Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of the
domain exactly one element of the range.

@)
@)
@)

Define a function as a relation in which each input (domain) has exactly one output (range).
Determine if a graph, table, or set of ordered pairs represents a function.
Determine if stated rules (both numeric and nonnumeric) produce ordered pairs that represent a function.

e AL.FIF.1b Represent a function using function notation and explain that f(x) denotes the output of function f that corresponds to the input

X.
@)
@)

Introduce the function notation f(x) to represent the output or range values of a function.
Understand that f (x)represents the corresponding output of the function when x is an element of the input of a function.

e AL.FIF.1c Understand that the graph of a function labeled as f is the set of all ordered pairs (x, y) that satisfy the equation y = f(x).

(@]

Explain the relationship between the graph of f and the graph of the equation y = f(x).

e A1.FIF.2* Evaluate functions and interpret the meaning of expressions involving function notation from a mathematical perspective and in
terms of the context when the function describes a real-world situation.

©)
@)
@)
@)

o

Decode function notation and explain how the output of a function is matched to its input. (e.g., the function f(x) = 3x%2 + 5
squares the input, triples the square, and adds five to produce the output).

Use order of operations to evaluate a function for a given domain (input) value.

Analyze the input and output values of a function based on a problem situation.

Identify the real numbers that are not in the domain of a function.

Recognize that the domain may change depending upon the context of problem.

e AL.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showmg key features Key features include mtercepts mtervals where the functlon

is increasing, decreasing, constant, positive, or negative;

@)
@)

Limit to linear in Unit 2. Expand to quadratic in Unit 3 and exponential in Unit 4.
Convert a table, graph, set of ordered pairs, or description into function notation by identifying the rule used to turn inputs into
outputs and writing the rule.
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e AL.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes.
o Limit to linear in Unit 2. Expand to quadratic in Unit 3 and exponential in Unit 4.
o Analyze the input and output values of a function based on a problem situation.
o ldentify the numbers that are not in the domain of a function recognizing that the domain may change depending upon context of
problem.
o Write the domain and range in various formats (e.g., compound inequalities and R).
e AL.FIF.6* Given a function in graphical, symbolic, or tabular form, determine the average rate of change of the function over a specified
interval. Interpret the meaning of the average rate of change in a given context.
o Limit to linear in Unit 2. Expand to quadratic in Unit 3 and exponential in Unit 4.
o Explain the relationship between the average rate of change and m = (y, — y;)/(x, — x;) = 4y/Ax
o Calculate the average rate of change of a function.
o Compare the rates of change of two or more functions.

e AL.FIF.7* Graph functions from their symbolic representatlons Indlcate key features |nclud|ng mtercepts intervals where the function is
increasing, decreasing, positive, or negative; relativ ; ieity. Graph simple
cases by hand and use technology for complicated cases.

o Limit to linear in Unit 2. Expand to quadratic in Unit 3 and exponential in Unit 4.

o ldentify that the parent function for lines as the line f(x) =

o ldentify the point-slope form of a linear functionasy —y; = m(x — x;).

o Graph a line in point-slope form and use the graph to show where the starting point (x4, y;) and the slope (m) are represented on
the graph.

Identify the slope-intercept form of a linear function as f(x) = mx + b.

o Graph a line in slope-intercept form and use the graph to show where the y-intercept (b) and the slope (m) are represented on the
graph.

o Explain the effects of change of slope (i) and y-intercept (b) on linear functions (f(x) = mx + b).

O

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 28




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 1 Unit 2: Reasoning with Linear Equations and Inequalities
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

e AL.FIF.8* Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.
o Limit to linear in Unit 2. Expand to quadratic in Unit 3 and exponential in Unit 4.
Identify the point-slope form of a linear functionasy — y; = m(x — x;).
Identify the slope-intercept form of a linear function as f(x) = mx + b.
Identify the standard form of a linear function as Ax + By = C.
Use definitions of x-intercept and y-intercept to find the intercepts of a standard form line.
o Relate the constants A, B, and C to the values of the x-intercept, y-intercept, and slope.
e AL.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal.
o Limit to linear in Unit 2. Expand to quadratic in Unit 3 and exponential in Unit 4.
o Use equations, verbal descriptions, graphs, and tables to analyze the relationship between quantities or the properties of two
functions.
e AI1.FLQE.2* Create symbolic representations of linear ard-expenential functions, including arithmetic and-geemetricseguences, given
graphs, verbal descriptions, and tables.
o Limit to linear in Unit 2. Expand to exponential in Unit 4.
o Determine if a function is linear given a graph, table of values, or a description of the relationship.
o Write a linear function algebraically from a graph, table of values, or a description.
o Describe the algebraic process used to construct a linear function from two given points.

@)
@)
@)
@)
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High School Support Document

New Academic Vocabulary for This Unit

Average Rate Of Change

Boundary

Combinations Method

Function Notation (f (x) notation for y)
Half-Plane

Interval

Linear Inequality

Point-Slope Form

Relation

Standard Equation Form (for linear functions)
Substitution Property
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Prior Knowledge Required for this Unit

In earlier grades/units, students have developed conceptual knowledge and have had the opportunity to learn how to:

Extend previous understandings of Order of Operations (7.EEI.3).

Expand foundational knowledge of inequality solution sets, including compound equalities (6).

Understand function concepts, including one-to-one domain to range, particularly as communicated within ordered pairs (8.F.1).

Apply linear functions (particularly in the form of y = mx + b)through table, equation, and graphical form, and identify value and meanings
of slope/rate and y-intercept/initial value as found within real-world and mathematical situations (8.F.3; 8.F.4; 8.F.5; 8.EEEI.6).

Extend Grade 8’s conceptual knowledge of linear functions and expand the definition of linear function, which was limited to y = mx + b, to
include function notation f(x).

Solve for a variable in a multiple variable equation or inequality in real-world and mathematical situations (Algebra 1 Unit 1 - A1.ACE.1%;
A1.ACE.2*; A1.ACE.4%*).

Investigate the concept of linear systems through graphs or algebraic (substitution and elimination) methods.

Understand when one, none, and infinitely many solutions arise through application or inspection of linear systems (8.EEI.7b and c; 8.EEI.8).
Unit 2 in Algebra 1 will scaffold this specific concept to improve mastery and extend understanding of linear systems and their solution sets.
For example, in Algebra 1, the difficulty of the solution of a linear system (e.g. non-integer answers) may increase, such as expected in
standard A1.AREIL.11 (which compare f(x) and g(x) functions for linear equations). The additional standards in Unit 2 of Algebra 1 makes
linear systems more rigorous in Algebra 1 than when introduced in Grade 8.

Understand and write the concept of inequalities from within real-world and mathematical situations (7.NS.4b).
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Subsequent Knowledge Related to this Unit

Algebra 1 Unit 2 includes creating one and two variable linear equations extended from Algebra 1 Unit 1, which studied the relationships
among variables (Algebra 1 Unit 1: Relationships Between Quantities and Expressions) (A1.ASE.1; A1.ASE.2).

o Will be applied and expanded to include quadratic (Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions) and exponential
(Algebra 1 Unit 4: Modeling and Analyzing Exponential Functions).

Algebra 1 Unit 2 deepens knowledge of linear functions through graphical, symbolic, or tabular forms and how to measure the average rate
of change (A1.FIF.6).

o Will utilize the application of the functions’ graphical, symbolic, or tabular form, particularly to measure the average rate of change
(A1.FIF.6* in Algebra 1 Units 3, 4, and 5).

Algebra 1 Unit 1 (A1.ACE.4) requires fluent variable manipulation and empowers students in Algebra 1 Unit 2 to rewrite functions of
equations (A1.ACE.2*; A1.AREI.3).

o Will be extended to rewrite quadratic functions (Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions) and to compare such
functions (Algebra 1 Unit 5: Comparing and Contrasting Functions) by solving for and substituting equivalent algebraic value(s).

Algebra 1 Unit 1 (A1.AAPR.1) involves the development of foundational knowledge regarding algebraic terms and polynomial expressions
and the properties of operations applied to polynomials. In Algebra 1 Unit 2, algebraic fluency of these concepts deepens and broadens
while studying linear applications.

o  Will be extended to quadratic applications and factoring (Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions) and other
functions in units to follow.

Algebra 1 Unit 2 explores linear function relationships in two variables expressed in table, equation and graphical forms (A1.AREI.10).

o Will continue to be developed as students explore quadratic (Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions),
exponential (Algebra 1 Unit 4: Modeling and Analyzing Exponential Functions), and other function relationships expressed in table,
equation and graphical forms.

Algebra 1 Unit 2 applies the function notation f(x) (A1.FIF.1%*).

o Will extend the function notation f(x) in all subsequent units and courses.

Algebra 1 Unit 2 integrates linear systems and linear inequality graphing, lending towards extension of linear inequality systems
(A1.AREL12%*).
o Will develop linear inequality systems formally in Algebra 2.
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e Algebra 1 Unit 2 develops skills with writing equations of lines (A1.FIF.7*; A1.FIF.8%).
o Will be extended in Geometry to build on this foundation, such as when writing of lines that are parallel and perpendicular
(G.GGPE.5%*).
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Relationship Among Standards in this Unit

The standards of Unit 2 expand students’ prior knowledge of functions, specifically linear functions. Students learn function notation, analyze
concepts of domain and range, and explore linear relationships through graphic, tabular, and algebraic representations. Students will identify the
critical attributes of linear functions (e.g., rate of change, intercepts, domain, and range) and understand that arithmetic sequences are linear
functions. As students further extend their prior knowledge of systems of linear functions and whether or not they have one, none, or infinitely
many common solutions (8.EEI.7), they transfer conceptual understandings to apply other algebraic methods (i.e., substitution, combination, and
elimination). Students study the relationships between variables and linear functions and linear inequalities in tabular, graphing, and algebraic
formats and in real world and mathematical situations. Students also graph two-variable linear inequalities in preparation for subsequent courses.
They communicate their understanding of the solution sets of inequalities in algebraic, verbal, and graphic representations. Unit 2 limits standards
A1.ACE.2*, A1.FIF.4* through A1.FIF.9%, and A1.FLQE.2* to their linear function applications. This conceptual knowledge, however, is foundational
for studies in subsequent units applied to quadratic functions (Unit 3) and exponential functions (Unit 4); therefore, these standards are located in
multiple units within this Algebra 2 support document.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 2.

Function Notation and Evaluative Meanings (A1.FIF.1*; A1.FIF.2*; A1.FIF.5%)
a. Instructional Materials
Building Functions
Solving Equations and Inequalities
Describing Variables
Mathematics Assessment Project — Mathematics Assessment Resource Service: Best Buy Tickets
b. Exploring Functions
Georgia Department of Education: Fiona Task

Linear Modeling, Creating Equations with Two Variables, and Graphing Linear Functions (A1.ACE.2*; A1.FIF.5*%; A1.FIF.6*)
a. Average Rate of Change
Virtual Nerd: Average Rate of Change Review, Slope, and Table-Method
b. Creating Equations and Graphing Linear Functions
Khan Academy: Linear Function Graphing Videos on Relationships Discussion, Slope Discussion, Equations Example 1, and Equations Example
2

Writing Equations of Lines (A1.FIF.7*; A1.FIF.8%*)
a. Point-Slope Form
Khan Academy: Introduction To Point-Slope Video
Virtual Nerd: Rewriting From Slope-Intercept Into Standard Or Point-Slope Formats
Virtual Nerd: Writing Equations Of Lines In Point-Slope Format, Finding “B” When Given Point And Slope, and Given A Parallel Line And Point
b. Two-Points
Khan Academy: Writing Equation Of A Line Given In Point-Slope Given Two Points
c. Applications
Open Middle: Write A Linear Function
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http://map.mathshell.org/tasks.php?collection=9&unit=HE14
https://www.georgiastandards.org/Frameworks/GSO%20Frameworks/9-12%20Math%20I%20Student%20Edition%20Unit%201%20Function%20Families.pdf
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/rate-of-change-definition.php
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/rate-of-change-two-points-graph.php
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/rate-of-change-definition.php
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/interpreting-linear-graphs
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/slope-example
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/exploring-linear-relationships
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/application-problem-with-graph
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/application-problem-with-graph
https://www.khanacademy.org/math/algebra/two-var-linear-equations-and-intro-to-functions/point-slope/v/idea-behind-point-slope-form
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/slope-intercept-form/slope-intercept-form-examples/slope-intercept-to-standard-and-point-slope-form
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/point-slope-line-direct-example.php
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/y-intercept-from-point-slope-form.php
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/parallel-perpendicular-lines/parallel-lines/slope-intercept-from-point-and-parallel-line
https://www.khanacademy.org/math/algebra/two-var-linear-equations-and-intro-to-functions/point-slope/v/point-slope-and-slope-intercept-form-from-two-points
http://www.openmiddle.com/write-a-linear-function/
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Linear Systems (A1.FIF.9*; A1.AREL.5; A1.AREI.6*; A1.AREl.6a*; A1.AREl.6b*; A1.AREI.10*; A1.AREI.11*; A1.FIF.4*)
a. Linear Systems - General Understanding

Cliffs Notes: Linear Systems General Information
EngageNY: Creating Systems Of Equations
Georgia Department of Education: Methods For Solving Systems Of Equations — Georgia Standards Of Excellence Unit 2 — Graphic Organizer
Georgia Department of Education: Solve Systems Of Linear Equations By Elimination — Graphic Organizer
MathEdPage: Systems With Teacher Notes And Applications
Mathematics Assessment Project — Mathematics Assessment Resource Service: Maximizing Profit - Online Lesson Plan

Mathematics Assessment Project — Mathematics Assessment Resource Service: Solving Linear Equations In Two Variables - Online Lesson
Plan

Graphing Inequalities with Two-Variables (A1.AREI.12%*)
a. Graphing Two-Variable Inequalities
EngageNY: Graphing Inequalities with Two-Variables
Mathematics Assessment Project — Mathematics Assessment Resource Service: Representing Inequalities Graphically - Online Lesson Plan
Virtual Nerd: Graphing Two-Variable Inequalities Videos - Determining Boundary Line and Graphing Two-Variable Inequalities
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http://www.cliffsnotes.com/math/algebra/algebra-i/equations-with-two-variables/solving-systems-of-equations-simultaneous-equations
https://www.engageny.org/resource/algebra-i-module-1-topic-c-lesson-23
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Coordinate-Algebra-Unit-2.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Coordinate-Algebra-Unit-2.pdf
http://www.mathedpage.org/middle-school/pdf/systems.pdf
http://www.mathedpage.org/middle-school/pdf/systems.pdf
http://map.mathshell.org/lessons.php?unit=9205&collection=8
http://map.mathshell.org/lessons.php?unit=9235&collection=8
http://map.mathshell.org/lessons.php?unit=9235&collection=8
https://www.engageny.org/resource/algebra-i-module-1-topic-c-lesson-21
http://map.mathshell.org/lessons.php?unit=9265&collection=8
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/inequalities/graphing-inequalities/boundary-graphing
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/inequalities/graphing-inequalities/coordinate-plane-graphing-example
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Resources

A Maths Dictionary for Kids: Math Charts

Algebra 1 Skills: Algebra 1 Skills

Cliff Notes: Algebra 1

Desmos: Explore Math with Desmos

Emergent Math: Emergent Math

EngageNY: Algebra 1

Georgia Department of Education: 9 - 12 Standards Framework
Georgia Department of Education: Georgia Instructional Framework Teacher's Edition (TE)
Graphing Stories: Graphing Stories Homepage

Illuminations: Resources for Teaching Math By NCTM

Khan Academy: Introduction to Algebra

Math Education Page: Math Education Homepage

Math Open Reference: Math Open Reference Homepage
MathBitsNotebook: Algebra 1 Online Study Resources

Virtual Nerd: Algebra 1

Virtual Nerd: Algebra Skills Videos
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http://www.amathsdictionaryforkids.com/mathsCharts.html
https://commoncorealgebra1.wikispaces.hcpss.org/
http://www.cliffsnotes.com/math/algebra/algebra-i
https://www.desmos.com/
http://emergentmath.com/
https://www.engageny.org/resource/algebra-i-module-1
https://www.georgiastandards.org/Frameworks/Pages/BrowseFrameworks/math9-12.aspx
https://www.georgiastandards.org/Common-Core/Common%20Core%20Frameworks/CCGPS_Math_9-12_CoorAlgebra_Unit2.pdf
http://graphingstories.com/
http://illuminations.nctm.org/Search.aspx?view=search&type=ls&gr=9-12
https://www.khanacademy.org/math/algebra/introduction-to-algebra
http://www.mathedpage.org/constructions/sum/index.html
http://www.mathopenref.com/index.html
http://mathbitsnotebook.com/Algebra1/Algebra1.html
http://www.virtualnerd.com/algebra-1/all
http://www.virtualnerd.com/algebra-1/all
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Sample Formative Assessment Tasks/Questions

Solving Linear Equations and Systems of Equations (A1.ACE.2*; A1.AREIL.1*; A1.AREI.3*; A.AREIL.6*; A.AREI.11* )

Q

AT T TR0 a0 T

Task: A Typical Envelope

Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
New Zealand Maths: Renting a Car

NYC Department of Education: The Cycle Shop

Accurately Weighing Pennies |

Collinear Points (A1.AREI.10%*)

Estimating a Solution Via Graphs

Find a System

Fishing Adventures 3 (systems of linear inequalities)
Pairs of Whole Numbers

Solution Sets (systems of linear inequalities)

Solving Two Equations in Two Unknowns

Taxi (A1.AREI.10%*)
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https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/761
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/10/tasks/1066
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/761
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/1363
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/12/tasks/644
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/1363
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/12/tasks/1205
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/5/tasks/1903
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/10/tasks/243
http://nzmaths.co.nz/resource/renting-car
http://schools.nyc.gov/NR/rdonlyres/0D9AA86E-F601-4F26-9598-CF57C4FA7CAB/0/NYCDOEHSAlgebraTheCycleShop_Final.pdf
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Interpreting Functions (A1.FIF.1a; A1.FIF.1b; A1.FIF.1c; A1.FIF.2*; A1.FIF.4*; A1.FIF.5%; A1.FIF.6*; A1.FIF.7*; A1.FIF.8*; A1.FIF.9*)
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
. lllustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
. lllustrative Mathematics:
Practice Task - Understanding and Using Function Notation (A1.FIF.2)

XE<ETVWITOTOS3ITATIOR SO0 T

10000 is Half of 2000 (A1.FIF.6*)
Cell Phones (A1.FIF.2%*)

Domains

Function Notation | (A1.FIF.1b)
Hoisting the Flag |

Hoisting the Flag Il

How is the Weather? (A1.FIF.5)
Interpreting the Graph

Laptop Battery Charge (A1.FIF.6%)
Mathemafish Population (A1.FIF.6%)
Pizza Place Promotion

Playing Catch

Points on a Graph

Random Walk | (A1.FIF.2%*)
Random Walk Il (A1.FIF.2*)
Temperature Change (A1.FIF.6*)
The Customers (A1.FIF.1a)

The High School Gym (A1.FIF.6%)
The Parking Lot (A1.FIF.1a)
Warming and Cooling
Words-Tables-Graphs (A1.FIF.9%)
Yam in the Oven (A1.FIF.2%*)
Your Father (A1.FIF.1a)

Symbolic Representation of Linear Function (A1.FLQE.2*)

a.

Illustrative Mathematics Task: Do Two Points Always Determine a Linear Function?

b. Open Middle problem - Write a Linear Function

a.

Inside Mathematics: Performance Assessment Tasks
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https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/1897
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/634
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/635
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/598
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2085
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2084
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/649
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/tasks/636
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/1559
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/686
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/tasks/578
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2087
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/630
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/626
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/664
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/1500
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/624
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/577
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/588
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/639
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2089
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/625
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/589
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/377
http://www.openmiddle.com/write-a-linear-function/
http://www.insidemathematics.org/performance-assessment-tasks
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Algebra 1 Unit 3 Title

Modeling and Analyzing Quadratic Functions

Content Standards with Clarifying Notes

Prior Knowledge Required for this Unit

Possible Instructional Strategies/Lessons
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e A1.ASE.2* Analyze the structure of binomials, trinomials, and other polynomials in order to rewrite equivalent expressions.
o Apply models for factoring and multiplying polynomials.
o Justify why equivalent expressions are equivalent applying the laws of algebra.
o Identify patterns in the structure of expressions (e.g., like terms, common factors, difference of squares, perfect squares).
o Write expressions in multiple ways to reveal something about the problem it represents.

e A1.NRNS.1* Rewrite expressions involving simple radicals and rational exponents in different forms.

O Use the operations of addition, subtraction, and multiplication to simplify expressions involving radicals (e.g., square roots and cube
roots).

o Factor out perfect squares to simplify expressions involving radicals.

O Rationalize a denominator.

O Expand properties of exponents to write equivalent expressions that include radicals (e.g., square roots and cube roots) and rational
exponents.

e A1.ASE.3* Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity represented by the
expression.

o lllustrate properties of a function represented through expressions written in multiple ways.

O Predict whether a quadratic will have a minimum or a maximum based on the value of a.

o Identify the maximum and minimum of a quadratic written in the form a(x — h)? + k

o Complete the square to rewrite a quadratic expression (ax? + bx + c) with the form a(x — h)? + k.

e A1.ASE.3a Find the zeros of a quadratic function by rewriting it in equivalent factored form and explain the connection between the zeros of
the function, its linear factors, the x-intercepts of its graph, and the solutions to the corresponding quadratic equation.

o Connect the linear factors of a quadratic expression (ax? + bx + c) to the graphic and algebraic representations of the zeros of the
function.

e A1.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving linear, quadratic, simple
rational, and exponential relationships. Interpret the solutions and determine whether they are reasonable. (Limit to linear; quadratic;
exponentialwith-integerexponents.)

o Identify the variable and quantities in real-world contexts.
O Use context to choose the applicable algebraic model (linear equation, linear inequality, or quadratic equation).
o Write, solve, and interpret the solution of an equation or a linear inequality.
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A1.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate
axes using appropriate labels, units, and scales. (Limit to linear; quadratic; exponential with integer exponents; direct and indirect variation.)
o Identify the variables and quantities in real-world contexts.
O Use context to choose the applicable algebraic model (e.g., linear, quadratic).
o Write and graph equations in two or more variables, and interpret relationships among variables.
A1.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.
O Isolate variables to rewrite equations and formulas in equivalent forms.
A1.AREL1* Understand and justify that the steps taken when solving simple equations in one variable create new equations that have the
same solution as the original.
o Apply order of operations and inverse operations to solve equations.
o Construct an argument to justify a solution process.
o Demonstrate that the solution of the equation solves the equations created for each step of the process.
A1.AREL4* Solve mathematical and real-world problems involving quadratic equations in one variable.
o Identify and interpret the meaning of the y-intercept.
Identify and interpret the meaning of the x-intercepts.
Explain why some functions have more than one x-intercept.
Define “increasing interval” as a set of function inputs for which the output increases as the input increases.
Define “decreasing interval” as a set of function inputs for which the output decreases as the input increases.
Identify and explain the contextual meaning of increasing and decreasing intervals and the relative maximum or minimum of a table
or graph.
o Identify the reflective symmetry in a table or graph.
0 Use the problem situation to explain why the function has symmetry.
A1.AREl.4a* Use the method of completing the square to transform any quadratic equation in x into an equation of the form (x — h)? = k

O O O 0 O

that has the same solutions. Derive the quadratic formula from this form.

Identify a quadratic expression, ax?> + bx + c.

Identify a perfect-square trinomial by noticing if a and c are perfect squares and if b = 2ac.
Factor a perfect-square trinomial.

Complete the square of ax? + bx + c to write the quadratic in the form (x—p)? = q.
Derive the quadratic formula by completing the square of (ax? + bx + c).

O O o0 OO
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e A1.AREl.4b* Solve quadratic equations by inspection, taking square roots, completing the square, the quadratic formula and factoring, as
appropriate to the initial form of the equation. Recognize when the quadratic formula gives complex solutions and write them as a + bi for
real numbers a and b. (Limit to non-complex roots.)

o Determine the best method to solve a quadratic equation in one variable (e.g. by inspection, finding square roots, completing the
square, applying the quadratic formula, or factoring).
o Explain that complex solutions result when the radicand is negative in the quadratic formula (b? — 4ac < 0)

e A1.FBF.3* Describe the effect of the transformations f(x), f(x) + k, f(x + k), and combinations of such transformations on the graph of
y = f(x) for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its
graph. (Limit to linear; quadratic; expenentialwith-integerexponents; vertical shift and vertical stretch.) (Limit to linear and quadratic in unit
3; expands to exponential with integer exponents in units 4 and 5).

o Explain why f(x) + k translates the original graph of f(x) up k units and why f(x) — k translates the original graph of f(x) down
k units.

o Explain why f(x + k) translates the original graph of f(x) left k units and why f(x — k) translates the original graph of f(x) right
k units.

o Describe the transformation that changed a graph of f(x) into a different graph when given pictures of the pre-image and the image.

o Determine the value of k given a graph of a transformed function.

O Graph transformations of the graph of f(x) when given the value(s) of k [f(x)xk, f(xtk), and f(xtk)tk].

O Generate and compare examples of functions with different k values.

A1.FIF.1* Extend previous knowledge of a function to apply to general behavior and features of a function.
e Al.FIF.1a Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of the
domain exactly one element of the range.
o Define a function as a relation in which each input (domain) has exactly one output (range).
o Determine if a graph, table, or set of ordered pairs represents a function.
o Determine if stated rules (both numeric and nonnumeric) produce ordered pairs that represent a function.

e AL.FIF.1b Represent a function using function notation and explain that f(x) denotes the output of function f that corresponds to the input

X.
O Recognize that when x is an element of the input of a function, f(x) represents the corresponding output of the function.
e Al.FIF.1c Understand that the graph of a function labeled as f is the set of all ordered pairs (x, y) that satisfy the equationy = f(x).
O Explain that the graph of f is the graph of the equationy = f(x).
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e AL1.FIF.2* Evaluate functions and interpret the meaning of expressions involving function notation from a mathematical perspective and in

terms of the context when the function describes a real-world situation.

o Decode function notation and explain how the output of a function is matched to its input. (e.g., “The function f(x) = 3x%+5

squares the input, triples the square, and adds five to produce the output”).

o Use order of operations to evaluate a function for a given domain (input) value.

o Analyze the input and output values of a function based on the context of a problem.

o ldentify the real numbers that are not in the domain of a function.

o Recognize that the domain might change depending upon the context of problem.
A1.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries; end-behavierandperiodicity. (Limit
to linear; quadratic; expenential. Limit to linear and quadratic in Unit 3; expands to exponential with integer exponents in Units 4 and 5.)

o Connect this content to the content of A1.AREI.4*,

o Create a graph that matches the description and shows all of the key features of the function, if applicable, the y-intercept, x-

intercept(s), increasing interval, decreasing interval, relative minimum, relative maximum, and symmetry.

O Explain the meaning of all the key features included in a graph or verbal description.
A1.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes. (Limit to
linear; quadratic; expenential: Limit to linear and quadratic in Unit 3; expands to exponential with integer exponents in Units 4 and 5).

o Analyze the input and output values of a function in algebraic, graphic, tabular, and verbal forms.
A1.FIF.6* Given a function in graphical, symbolic, or tabular form, determine the average rate of change of the function over a specified
interval. Interpret the meaning of the average rate of change in a given context. (Limit to linear and quadratic in Unit 3)

o Calculate the average rate of change of a function presented in various forms.

o Compare the rates of change of two or more functions presented in various forms.

o Use appropriate units to interpret the meaning of the average rate of change.
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e AL.FIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. Graph simple
cases by hand and use technology for complicated cases. (Limit to linear and quadratic in Unit 3; expands to exponential only in the form
y =a* + k in Unit 4).

Explain that the parent function for a quadratic function is the parabola f (x) = x2.

Explain that the minimum or maximum of a quadratic is called the vertex.

Identify whether the vertex of a quadratic will be a minimum or maximum by looking at the equation.

Find the y-intercept of a quadratic by substituting O for x and evaluating the function.

Estimate the vertex of a quadratic by evaluating different values of x.

Use calculated values while looking for a maximum or minimum to decide if the quadratic has x-intercepts.

Estimate the x-intercepts of a quadratic by evaluating different values of x.

Graph a quadratic using evaluated points.

o Use technology to graph a quadratic and to find precise values for the x-intercept(s) and the maximum or minimum.

e A1.FIF.8* Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.
(Limit to linear; quadratic; expenential.) (Limit to linear and quadratic in Unit 3; expands to exponential with integer exponents in Units 4
and 5.)

o Compare the relationship between quantities using equations, verbal descriptions, graphs, and tables of the same function.

O OO0 O O0OO0OO0oOO o
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e A1.FIF.8a Use the process of factoring and completing the square in a quadratic function to show zeros, extreme values, and symmetry of
the graph, and interpret these in terms of a context.
O Explain that there are three forms of quadratic functions: standard form, vertex form, and factored form.

o Explain that standard formis f(x) = ax?® + bx + c.

o Explain that the vertex formis f(x) = a(x — h)? + k.

O Explain that factored formis f(x) = a(x — x1)(x — x;).

O Explain that the graph of all three forms is a parabola.

O Explain that all parabolas can be written in standard and vertex form, but that parabolas without x-intercepts can be expressed in
factored form using real numbers.

O Find the x-intercepts of a quadratic written in factored form.

O Use the x-intercepts of a quadratic function to find the axis of symmetry.

O Use the axis of symmetry of a quadratic to find the vertex of a parabola.

o Identify the line of symmetry and vertex of a quadratic written in vertex form.

o Sketch the graph of a parabola written in vertex form.

o Determine if a quadratic written in vertex form has x-intercepts by looking at the equation.

O Use algebra to find the x-intercepts of a quadratic written in vertex form.

o Convert a standard form quadratic to factored form by factoring.

o Convert a standard form quadratic to vertex form by completing the square.

o Demonstrate that the standard, factored, and vertex forms of the same quadratic function produce the same values for the x-

intercepts, the y-intercept, and the vertex.
O Write the function that describes a parabola in all three forms when given a graph with the x-intercepts, y-intercept, and vertex
labeled.
e A1.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal. (Limit to
linear; quadratic; expenential. Limit to linear and quadratic in Unit 3; expands to exponential with integer exponents in Units 4 and 5.)
O Provide insight into the properties of linear and quadratic functions by comparing different representations of two functions.

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 46




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

New Academic Vocabulary for This Unit

e Average Rate of Change
Axis of Symmetry
Complete the Square
Factor Completely
Inspection

Intercept Form

Perfect Square Trinomial
Quadratic Equation
Quadratic Expression
Quadratic Formula
Radicand

Square Root Method
Translate

Vertex

Vertex Form

y-Axis Symmetry

Zero of a Function
Zeros
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Prior Knowledge Required for this Unit

In earlier grades or units, students have developed conceptual knowledge and been expected to:

Create one and two variable linear equations (Unit 1: A1.ASE.1 and A1.ASE.2).

Rewrite simple expressions with radicals (Unit 1: A1.NRNS.1%*)

Find square roots (8.EEI.2)

Apply fluent variable manipulation to rewrite functions (Unit 1: A1.ACE.4).

Deepen algebraic conceptual knowledge and terminology regarding polynomial expressions and the properties of operations applied to

polynomials (Unit 1: A1.AAPR.1).

® Represent functions in two variables in tabular, equation and graphical forms; compare two different functions using different forms (Unit 1:
A1.AREI.10).

e Apply knowledge of linear functions, particularly the function notation of f(x) and how that relates to understanding of function concepts

including 1-to-1 domain to range, particularly as communicated within ordered pairs (Unit 2 standards).
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Subsequent Knowledge Related to this Unit

Algebra 1 Unit 3 models that the graph of any quadratic function is a vertical and/or horizontal shift of a vertical stretch or shrink of the basic
quadratic function f(x) = x2.
o Will expand to the comparison of functions in Algebra 1 Unit 5 and Algebra 2.
Algebra 1 Unit 3 explores the vertices of quadratic functions as the relative maximum or minimum. The ordered pair of a vertex includes the
output value of the function and the input at which change occurs.
o Will expand to the comparison of functions in Algebra 1 Unit 5 and Algebra 2.
Algebra 1 Unit 3 demonstrates that the Quadratic Formula can be used to solve any quadratic equation.
o Will expand to the comparison of functions in Algebra 1 Unit 5 and Algebra 2.
Algebra 1 Unit 3 models and analyzes quadratic functions.
o Will expand to the study of exponential functions in Algebra 1 Unit 4.
Algebra 1 Unit 3 compares and contrasts linear and quadratic functions.
o Will expand to exponential functions in Algebra 1 Unit 4.
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Relationship Among Standards in this Unit

The standards in Unit 3 focus on quadratic functions, equations, and applications. Students will determine if a relation is a quadratic function by
analyzing information gathered from tables, graphs, and expressions. They will explore variable rate of change and determine how the rate of
change for a quadratic function differs from the rate of change for a linear function. Unit 3 explores critical attributes of quadratic functions,
including finding the vertex and axis of symmetry of the graph of any polynomial function; using the graph, table, or factors to identify the zeros;
and determining if the vertex is the maximum or minimum value of the function. Access to a variety of technologies, such as graphing utilities,
spreadsheets, and computer algebra systems, to solve problems will support mastery of these standards. This unit guides students to recognize the
quadratic parent function f(x) = x2, and to explain how a translation of the parent function can stretch the graph, compress it, or move it left,
right, up, or down. Students will factor general quadratic expressions and solve general quadratic equations by factoring to find only real solutions.
Through contextual examples and models of objects that are thrown in the air and allowed to fall subject to the force of gravity, students will
deepen their conceptual understanding to interpret quadratic functions and their solutions. Students will study, apply, and justify the quadratic
formula. They will convert the formula for a quadratic function from standard to vertex form and use the vertex form to find real solutions (zeros)
that cannot be solved by factoring. Students will develop the quadratic formula by completing the square. They will determine the circumstances
when one can take the square root of both sides of an equation. After a thorough analysis of the relative advantages and disadvantages of solving a
guadratic function by factoring, completing the square, quadratic formula, or taking the square root of both sides, students will solve equations by
choosing the most efficient method.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 3.

Rewriting Expressions and Equations (A1.NRNS.1; A1.AREI.1*)
Better Lesson: Simplify and Rewrite Radicals as Rational Exponents and Vice Versa
Better Lesson: Solving Equations

Analysis of Quadratic Functions (FA.FBF.3*; A1.ASE.2; A1.ASE.3(3a); A1.AREL.4; A1.FIF.1*(1a,1b,1c); AL1.FIF.8 (8a); A1.FIF.9%)
a. Transforming the graph of the quadratic parent function f(x) = x?
b. Graphing Quadratics (FA.FIF.4*, FA.FIF.5*, FA.FIF.6*, FA.FIF.7*)
Khan Academy: Quadratics
Purplemath: Graph Quadratics
CoolMath: Graphing Quadratic Parabolas
Virtual Nerd: Graph Quadratics
Better Lessons: Completing the Square Day 2
c. Rewriting Quadratics in Different Forms
MathBitsNotebook: Vertex Form
Khan Academy: Quadratics
d. Solving Quadratics
Khan Academy: Quadratics
Purplemath: Solve Quadratics
CoolMath: Solving Quadratics
Mathematics Assessment Project — Mathematics Assessment Resource Service: Solving Quadratic Equations

Creating and Solving Quadratic Equations in Terms of Context (A1.ACE.1*; A1.ACE.2*; A1.ACE.4*; A1.AREL.4* (4a and 4b); A1.FIF.2*)
Better Lesson: Modeling with Quadratic Functions
LearnZillion: Complete the Square in a Quadratic Expression
Math Is Fun: Real World Quadratic Equations
Math Is Fun: Quadratic Equations
Math Is Fun: Solving Formulas for One Variable
Khan Academy: How To Interpret Quadratic Models
Khan Academy: How To Model a Real-World Quadratic Model
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http://betterlesson.com/lesson/571695/simplify-and-rewrite-radicals-as-rational-exponents-and-vice-versa
http://betterlesson.com/lesson/446484/solving-equations
https://www.khanacademy.org/math/algebra/quadratics
http://www.purplemath.com/modules/grphquad.htm
http://www.coolmath.com/algebra/11-graphing-quadratics-parabolas
http://www.virtualnerd.com/algebra-1/quadratic-equations-functions/graphing/graph-basics
http://betterlesson.com/lesson/600007/moving-toward-mastery-completing-the-square-day-2
http://mathbitsnotebook.com/Algebra1/Quadratics/QDVertexForm.html
https://www.khanacademy.org/math/algebra/quadratics
https://www.khanacademy.org/math/algebra/quadratics
http://www.purplemath.com/modules/solvquad.htm
http://www.coolmath.com/algebra/09-solving-quadratics
http://map.mathshell.org/download.php?fileid=1736
http://betterlesson.com/lesson/558828/modeling-with-quadratic-functions
https://learnzillion.com/lesson_plans/4718-complete-the-square-in-a-quadratic-expression-by-using-an-area-model#fndtn-lesson
http://www.mathsisfun.com/algebra/quadratic-equation-real-world.html
http://www.mathsisfun.com/algebra/quadratic-equation.html
http://www.mathsisfun.com/algebra/equation-formula.html
https://www.khanacademy.org/math/algebra/quadratics/interpret-quadratic-models/v/modeling-mosquitos-with-quadratics
https://www.khanacademy.org/math/algebra2/modeling-with-algebra/one-variable-modeling/v/quadratic-inequality-word-problem
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Resources

Dictionaries, Calculators, and Templates (Graphs and Graphic Organizers)

a.

Explicit Vocabulary Building

A Maths Dictionary for Kids: A Maths Dictionary

Math Open Reference: Math Open Reference

Calculator Tools

Web 2.0: Calculator

Graphing Tools and Other Resources

A Maths Dictionary for Kids: Math Charts Printable Resources
Math Warehouse: Interactive Parabolas

TeacherVision: Graphic Organizer Printables

Teaching Strategies

a.

-0 oo T

Creative Educator: Project-Based Learning

Creative Educator: Authentic Tasks - Write a Great Authentic Task
Google: Project-Based Learning

Illustrative Mathematics: Illustrative Mathematics

Math VIDS: Authentic Contexts

Power Up What Works: Math Strategies that Work Research
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http://www.amathsdictionaryforkids.com/
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/
http://www.mathopenref.com/common/calcappletframe.html?applet=calculator&wid=600&ht=400
http://web2.0calc.com/
http://web2.0calc.com/
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.mathwarehouse.com/quadratic/parabola/interactive-parabola.php
http://www.teachervision.com/lesson-plans/lesson-6293.html
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
https://sites.google.com/site/prblworkshop/problem-based
https://www.illustrativemathematics.org/
https://www.illustrativemathematics.org/
http://fcit.usf.edu/mathvids/strategies/ac.html
http://fcit.usf.edu/mathvids/strategies/ac.html
http://powerupwhatworks.org/resource/research-math-practices
http://powerupwhatworks.org/resource/research-math-practices
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Quadratic Lesson Modules, Teacher Notes, PowerPoints, Videos, Applets, and Activities
Cliff Notes — Math: Algebra

Emergent Math: Current Education Issues in Mathematics, Blog, and Curriculum Map
EngageNY: Algebra 1

EngageNY: Introduction to Quadratic Function and Graphing

Georgia Performance Standards: Math 9 - 12

Howard County Public School System Algebra 1: Algebra 1

Khan Academy: Introduction of Algebra

Math Open Reference: Math Open Reference

MathBitsNotebook: Algebra 1 Online Study Resources

Mathematics Assessment Project — Math Assessment Resource Service: Homepage
The Concord Consortium: Graphing Quadratic Equations

Virtual Nerd: Algebra Skills Videos

o
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http://www.cliffsnotes.com/math/algebra/algebra-i
http://www.cliffsnotes.com/math/algebra/algebra-i
http://emergentmath.com/
https://www.engageny.org/resource/algebra-i-module-1
https://www.engageny.org/resource/algebra-i-module-1
https://www.engageny.org/resource/algebra-i-module-1-topic-lesson-2
https://www.georgiastandards.org/Frameworks/Pages/BrowseFrameworks/math9-12.aspx
https://www.georgiastandards.org/Frameworks/Pages/BrowseFrameworks/math9-12.aspx
https://www.georgiastandards.org/Pages/TermsofUse.aspx
https://www.georgiastandards.org/Pages/TermsofUse.aspx
https://hcpss.instructure.com/courses/99
https://www.khanacademy.org/math/algebra/introduction-to-algebra
https://www.khanacademy.org/math/algebra/introduction-to-algebra
http://www.mathopenref.com/index.html
http://www.mathopenref.com/index.html
http://www.mathopenref.com/site/terms.html
http://mathbitsnotebook.com/Algebra1/Algebra1.html
http://map.mathshell.org/
http://concord.org/stem-resources/graphing-quadratic-equations
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Sample Formative Assessment Tasks/Questions

® Better Lesson: Quadratic Functions In Three Forms

® Better Lesson: Review Or Move On (To The Quadratic Formula)

e Mathematics Assessment Project — Math Assessment Resource Service:
o Mathematics Assessment Project — Math Assessment Resource Service:
o Mathematics Assessment Project — Math Assessment Resource Service:

Graphically

o Mathematics Assessment Project — Math Assessment Resource Service:
o Mathematics Assessment Project — Math Assessment Resource Service:
o Mathematics Assessment Project — Math Assessment Resource Service:
o Mathematics Assessment Project — Math Assessment Resource Service:

and ldentities: Lesson Files

e Mathematics Assessment Project — Math Assessment Resource Service:

Graphically: Lesson Files

Summative Assessment Task: Sorting Functions
Formative Assessment Lesson: Generalizing Patterns: Table Tiles
Formative Assessment Lesson: Representing Quadratic Functions

Formative Assessment Lesson: Sorting Equations and Identities

Solving Quadratic Equations

Lesson Materials: Solving Quadratic Equations: Lesson Files

Lesson Materials: Formative Assessment Lesson - Sorting Equations

Formative Assessment Lesson: Representing Quadratic Functions

o NCTM: MARS Formative Assessment Lesson - Generalizing Patterns: Lesson Files
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http://betterlesson.com/lesson/593265/quadratic-functions-in-three-forms
http://betterlesson.com/lesson/600567/review-or-move-on-to-the-quadratic-formula
http://www.map.mathshell.org/tasks.php?collection=9&unit=HA16
http://map.mathshell.org/lessons.php?collection=8&unit=9245
http://map.mathshell.org/lessons.php?collection=8&unit=9245
http://map.mathshell.org/lessons.php?collection=8&unit=9210
http://map.mathshell.org/lessons.php?collection=8&unit=9250
http://map.mathshell.org/download.php?fileid=1736
http://map.mathshell.org/download.php?fileid=1720
http://map.mathshell.org/download.php?fileid=1720
http://map.mathshell.org/download.php?fileid=1734
http://map.mathshell.org/download.php?fileid=1734
http://www.nctm.org/uploadedFiles/Professional_Development/FHSM_Video_Library_Task_Force/CCRA_Cluster/Tiling%20Activity.pdf
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e A1.FLQE.1* Distinguish between situations that can be modeled with linear functions or exponential functions by recognizing situations in
which one quantity changes at a constant rate per unit interval as opposed to those in which a quantity changes by a constant percent rate
per unit interval.

o Compare slopes between multiple points on of a linear function and slopes between multiple points of an exponential function.
o Compare situations such as hourly wages (linear) vs. population growth (increasing exponentially).

e A1.FLQE.2* Create symbolic representations of lnearand-exponential functions, including arithmetic-and geometric sequences, given
graphs, verbal descriptions, and tables. (Limit to-Hrear; exponential.)

o Write algebraic equations for graphs representing exponential growth (increase) or decay (decrease).
o Write algebraic equations to represent exponential patterns described in words.
o Write algebraic equations to represent a given table of values.

e A1.ACE.1* Create and solve equations and-regualities in one variable that model real-world problems involving linear, quadratic, simple
rational, and exponential relationships. Interpret the solutions and determine whether they are reasonable. (Limit to linear; quadratic;
exponential with integer exponents.)

o Identify the variable and quantities in real-world contexts.

o Use context to choose the applicable algebraic model (linear equation, linear inequality, quadratic equation, or exponential).
o Write, solve, and interpret the solution of an equation.

o Expand what was done in previous units to include exponential functions (f (x) = b¥).

e A1.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes

using appropriate labels, units, and scales. (Limit to linear; quadratic; exponential with integer exponents; direct-and-indirectvariation.)
o ldentify the variables and quantities in real-world contexts.
o Use context to choose the applicable algebraic model (e.g., linear, quadratic, exponential).
o Write and graph equations in two or more variables, and interpret relationships among variables.
o Expand what was done in previous units to include exponential (f (x) = b*).
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e A1.FBF.3* Describe the effect of the transformations kf (x), f(x) + k, f (x + k), and combinations of such transformations on the graph of
y = f(x) for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its

graph. (Limit to Hrearguadratie; exponential with integer exponents; vertical shift and vertical stretch.)
o Explain why f(x)+k translates the original graph of f(x) up k units and why f(x) — k translates the original graph of f(x) down k
units.
o Explain why f(x + k) translates the original graph of f(x) left k units and why f(x — k) translates the original graph of f(x) right
k units.

Describe the transformation that changed a graph of f(x) into a different graph when given pictures of the pre-image and the image.
Determine the value of k given a graph of a transformed function.
Graph transformations of the graph of f(x) when given the value(s) of k [f (x) 2k, f (xzk) and f (x k) zk].
Generate and compare examples of functions with different k values.

o Expand what was done in previous units to include exponential functions (f (x) = b*).
A2.FBF.1* Write a function that describes a relationship between two quantities. (Note that FBF.1a and FBF.1b are Algebra 2 standards.)

o Determine if a model exhibits an exponential growth (increasing) or decay (decreasing) relationship.

o Determine the base of growth (increase) or decay (decrease) (e.g., half-life, population doubling).

o Write a function in the form of f(x) = b* to represent the exponential relationship between variables.
A1.FIF.1a Understand that a function from one set (called the domain) to another set (called the “range”) assigns to each element of the
domain exactly one element of the range.

o Define a function as a relation in which each input (domain) has exactly one output (range).

o Determine if a graph, table, or set of ordered pairs represents a function.

o Determine if stated rules (both numeric and nonnumeric) produce ordered pairs that represent a function.

o Expand knowledge of domain and range from previous units to exponential functions (f (x) = b*).
A1.FIF.1b Represent a function using function notation and explain that f(x) denotes the output of function f that corresponds to the input
X.

O O O O

o When x is an element of the input of a function, f(x) represents the corresponding output of the function.
o Expand knowledge from previous units to exponential functions (f (x) = b*).
A1.FIF.1c Understand that the graph of a function labeled as f is the set of all ordered pairs (x, y) that satisfy the equation y = f(x).
o Explain that the graph of f is the graph of the equation y = f(x).
o Expand knowledge from previous units to exponential functions (f (x) = b*).
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e AL.FIF.2* Evaluate functions and interpret the meaning of expressions involving function notation from a mathematical perspective and in
terms of the context when the function describes a real-world situation.
o Decode function notation and explain how the output of a function is matched to its input. (e.g., The function f(x) = 3(2)* +5
multiplies the 2 to itself x times, triples that value, and adds five to produce the output).
Use order of operations to evaluate a function for a given domain (input) value.
Analyze the input and output values of a function based on the context of a problem.
Identify the real numbers that are not in the domain of a function.
Recognize that the domain might change depending upon the context of problem.
o Expand knowledge from previous units to exponential functions (f (x) = b¥).
o AL.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function

is increasing, decreasing, constant, positive, or negative; relative-maximums-and-minimums-syrmmetries; end behavior and periodicity.
(Limit to Hrear-guadratic; exponential.)
o Create a graph that matches the description and shows all of the key features of the function, if applicable, the y-intercept, x-
intercept(s), increasing interval, decreasing interval, and end behavior.
o Explain the meaning of all the key features included in a graph or verbal description.
e A1.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes. (Limit
to lineargquadratie; exponential.)
o Analyze the input and output values of an exponential function in algebraic, graphic, tabular, and verbal forms.
e AI1.FIF.6* Given a function in graphical, symbolic, or tabular form, determine the average rate of change of the function over a specified
interval. Interpret the meaning of the average rate of change in a given context. (Limit to lneargquadratie; exponential.)
o Calculate the average rate of change of a function presented in various forms.
o Compare the rates of change of two or more functions presented in various forms.
o Use appropriate units to interpret the meaning of the average rate of change.

O O O O
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e AL.FIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative-maximums-and-minimums;-syrmmetries; end behavior and periedicity. Graph simple
cases by hand and use technology for complicated cases. (Limit to Hrear-guadratie; exponential only in the form y = a* + k.)

o Explain that the parent function for an exponential function is the function y = a*.

o Find the y-intercept of an exponential by substituting O for x and evaluating the function.

o Explain that the parent function for an exponential function has a horizontal asymptote at y = 0, and that this is the asymptote no
matter what base is given.

Understand that horizontal asymptotes describe the function’s end behavior.

Explain when a horizontal asymptote is not y = 0 based on the value of k from the form y = a* + k.

Explore exponential growth (increasing) and exponential decay (decreasing) functions.

Understand that exponential functions are strictly increasing or strictly decreasing.

Explain the difference between the graphs of exponentials that have a base where a > 1 and a base where 0 < a < 1.

Graph an exponential using evaluated points.

o Use technology to graph an exponential and to find precise values for the y-intercept.

e A1.FIF.8* Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.
(Limit to Hrearguadratie; exponential.)

o Compare the relationship between quantities using equations, verbal descriptions, graphs, and tables of the same function.

e A1.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal. (Limit to
linear; quadratic; exponential.)

o Provide insight into the properties of linear, quadratic, and exponential functions by comparing different representations of the
functions.

O O O O O O
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New Academic Vocabulary for This Unit

Constant percent rate

End behavior

Exponential

Exponential Function

Exponential growth/decay (increase/decrease)
Geometric sequence

Half-life

Horizontal asymptote

Horizontal translation

Parent exponential function (f (x) = b*)
Vertical translation
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Prior Knowledge Required for this Unit

In earlier grades or units, students have developed conceptual knowledge and been expected to:

identify variables and what they represent (6.EEI.6).

explain what a function is, determine if a table, graph or set of ordered pairs is a function, and compare linear and non-linear functions (8.F.1
and 8.F.3).

apply inverse operations to isolate variables and solve equations, including equations with variables on both sides (6.EEI.7; 7.EEl.4b).

apply the order of operations to simplify expressions (6.EEI.2).

apply the properties and laws of exponents (7.EEL5).

apply the Pythagorean Theorem (8.GM.7).

recognize slope as a rate of change (how the change in one quantity affects the change in another quantity) (8.F.4).

create models to represent and manipulate data (graphs, tables, equations) (6.EEL9).

identify linear or quadratic functions in given contexts, create linear and quadratic equations, and interpret their solutions (Algebra 1 Units 1
and 3; A1.ACE.1%).

write and interpret inequalities using notation and symbols(Algebra 1 Unit 1; A1.ACE.1%).

graph points, equations, and inequalities on the coordinate plane (Algebra 1 Unit 1; A1.AREI.10*; Algebra 1 Unit 2; A1.AREI.12*).

create graphs with appropriate scales and labels for variables (Mathematical Practice 6; 8.F.1).

solve equations applying the distributive property and combining like terms (7.EEI.4).

convert units (e.g. dimensional or unit analysis, rounding, etc.) with accuracy and precision to solve problems involving measurement
(Mathematical Practice 6; 4.MDA.1; 5.MDA.1; 7.GM.1; Algebra 1 Unit 1; A1.NQ.1* and A1.NQ.3*).
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Subsequent Knowledge Related to this Unit

e Unit 4 Algebra 1 applies related knowledge of linear and quadratic equations and the laws of exponents to construct and solve simple
exponential equations.

o Will compare and contrast different types of functions in Unit 5 (Comparing and Contrasting Functions). Subsequent high school
courses (e.g., Algebra 2) build upon this knowledge to deepen understanding and broaden applications.

e Unit 4 Algebra 1 extends and deepens understanding of functions so that they can recognize and explain how f(x) behaves at different
domain intervals (e.g., x approaches 0, x > 0, x < 0, x approaches positive or negative infinity, growth or decay by a constant percent
rate) for any function, and calculate and explain the average rate of change for a given interval.

o Will compare and contrast different types of functions in Unit 5 (Comparing and Contrasting Functions). Subsequent high school
courses (e.g., Algebra 2) build upon this knowledge to deepen understanding and broaden applications.

o Will expand the study of content standard A1.FLQE.1* (linear functions change at a constant rate in any interval compared to other
functions that change at a constant percent rate for a given interval) in Unit 4 to include A1.FLQE.1a in Unit 5, which requires
students to prove that linear functions grow by equal differences over equal intervals and that exponential functions grow by equal
factors over equal intervals.

e Unit 4 Algebra 1 expands foundational knowledge for identifying the relationship between variables (domain and range) through contextual
conditions as well as algebraic, tabular, or graphic representations of variables.

o Will expand understanding of function parameters in terms of context in Units 5 (Comparing and Contrasting Functions) and Unit 6
(Describing Data) (A1.FLQE.5%*).

e Unit 4 Algebra 1 explores data in different representations and encourages students to draw conclusions and to interpret and determine the
reasonableness of solutions for linear, quadratic, and exponential functions.

o Will expand the exploration of data through the comparison of different types of functions in Unit 5 (Comparing and Contrasting
Functions) and Unit 6 (Describing Data). Subsequent high school courses (e.g., Algebra 2) build upon this knowledge to deepen
understanding and broaden applications.

o Will expand understanding of finding solutions for different types of functions and determining the reasonableness of solutions
within a given context (A1.FLQE.5*).

e Unit 4 Algebra 1 expands knowledge of sequences to include geometric sequences and how they relate to their algebraic function notation.

o Will expand understanding of sequences in subsequent high school courses (e.g., Algebra 2) to build upon this knowledge, deepen
understanding, and broaden applications.
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e Unit 4 Algebra 1 deepens conceptual understanding of key features of functions including intercepts; asymptotes; intervals where functions
are increasing, decreasing, constant, positive, or negative; and end behavior.

o Will expand understanding of function parameters in terms of context in Units 5 (Comparing and Contrasting Functions) and Unit 6
(Describing Data) (A1.FLQE.5%*).

e Unit 4 Algebra 1 provides opportunities to use technology appropriately to explore and experiment with variations of a function, specifically
exponential models (e.g., the effect of replacing f(x) by f(x) + k, k f(x), f(kx), and f(x + k) for specific values of k (both positive and
negative), to determine the effects on the graph.

o Will expand understanding of sequences in subsequent high school courses (e.g., Algebra 2) to build upon this knowledge, deepen
understanding, and broaden applications.

e Unit 4 Algebra 1 compares similarities and differences of two different functions represented in different ways (e.g. tables, graphs, verbal
descriptions or equations).

o Will expand the use of graphs and tables in Unit 5 (Comparing and Contrasting Functions) to observe how a quantity increasing
exponentially eventually exceeds a quantity increasing linearly, quadratically, or more generally as a polynomial function
(A1.FLQE.3*).

e Unit 4 Algebra 1 provides exponential models to find the value of k given the graphs, and to construct meaning of solutions by comparing
different representations.

o Will expand understanding of sequences in subsequent high school courses (e.g., Algebra 2) to build upon this knowledge, deepen
understanding, and broaden applications.
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Relationship Among Standards in this Unit

The standards in Unit 4 expand prior knowledge of integer exponents and focus on exponential functions, equations, and their applications.
Students graph exponential functions, identify key features (intercepts; intervals where the function is increasing, decreasing, constant, positive, or
negative; asymptotes; end behavior) and use appropriate technology to investigate multiplicative change in exponential functions and increase
conceptual understanding. Applying knowledge of exponential functions and knowledge acquired in Units 2 (linear functions) and 3 (quadratic
functions), students determine whether a function is exponential, linear, or quadratic. Students use exponential function notation to model a
variety of contexts and use context to interpret functions in specific applications. Analysis of graphs, verbal descriptions, and tables supports
students in creating symbolic representations of exponential functions, including geometric sequences, to model a relationship between two
quantities. Manipulating the variable k for specific values, students also examine the effects on the graph on the parent function, f(x) = b*, by
replacing f(x) with f(x) + k, kf(x), f(kx),and f(x + k) for specific values of k (both positive and negative). As the unit progresses, students
compare exponential models, solve exponential equations, interpret the solutions of exponential functions, and find the value of k when given
exponential graphs.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 4.

Defining Exponential Relationships (A2.FBF.1*; A1.FLQE.1*; A1.FLQE.2*; A1.FIF.6*; A1.FIF.8*; A1.FIF.9%)
a. Introduction to Exponential Behavior
Algebra 1 Lessons WCCUSD: Exponential Functions - Writing Exponential Functions Based on Data: An Introductory Lesson

GoalBook: Equivalent Exponential Expressions Teaching Strategies
Illustrative Mathematics: Decaying Dice- Investigation
Illustrative Mathematics: Last Person Standing - Investigation
Illustrative Mathematics: Paper Folding - Investigation
Illustrative Mathematics: The Bank Account
Illustrative Mathematics: Valuable Quarter - Investigation
Khan Academy: Introduction to Exponential Functions
Khan Academy: How to Model a Real-World Context with an Exponential Function
RegentsPrep: Geometric Sequences and Series
RegentsPrep: Exponential Growth and Decay
RegentsPrep: Activity for Discovering Exponential Growth and Decay
VirtualNerd: What’s An Exponential Function?
VirtualNerd: What Is Exponential Growth?
Zona Land Education: Exponential Functions
b. Distinguish between Linear and Exponential Relationships
GoalBook: Linear and Exponential Functions Teaching Strategies
Illustrative Mathematics: Boiling Water - Investigation
Illustrative Mathematics: Finding Linear and Exponential Models
Illustrative Mathematics: Do Two Points Always Determine an Exponential Function?
Khan Academy: How to Construct Linear and Basic Exponential Functions From a Table of Values
Khan Academy: How to Construct Linear and Exponential Functions From Their Graphs
Khan Academy: How to Distinguish Between Linear and Exponential Models
VirtualNerd: How Do You Identify Exponential Behavior From a Pattern in the Data?
c. Compare and Contrast Linear, Quadratic, and Exponential Functions
Video: How To Tell if a Table is Linear, Quadratic, or Exponential
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http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/ExponentialFunctionsIntro201516v1.pdf
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/ExponentialFunctionsIntro201516v1.pdf
https://goalbookapp.com/toolkit/goal/equivalent-exponential-expressions
https://goalbookapp.com/toolkit/goal/equivalent-exponential-expressions
https://www.illustrativemathematics.org/content-standards/tasks/2130
https://www.illustrativemathematics.org/content-standards/tasks/2130
https://www.illustrativemathematics.org/content-standards/tasks/2119
https://www.illustrativemathematics.org/content-standards/tasks/2119
https://www.illustrativemathematics.org/content-standards/tasks/2114
https://www.illustrativemathematics.org/content-standards/tasks/2114
https://www.illustrativemathematics.org/content-standards/tasks/390
https://www.illustrativemathematics.org/content-standards/tasks/390
https://www.illustrativemathematics.org/content-standards/tasks/1421
https://www.illustrativemathematics.org/content-standards/tasks/1421
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/exponential-growth-functions
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/exponential-growth-functions
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/constructing-basic-exponential-models/v/modeling-ticket-fines-with-exponential-function
http://www.regentsprep.org/regents/math/algtrig/atp2/geoseq.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayL.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayL.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayR.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayR.htm
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions/function-definition
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions/function-definition
http://www.virtualnerd.com/tutorials/?id=Alg1_06_02_0018
http://www.virtualnerd.com/tutorials/?id=Alg1_06_02_0018
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/exponentialFunctions.html
https://goalbookapp.com/toolkit/goal/linear-and-exponential-functions
https://goalbookapp.com/toolkit/goal/linear-and-exponential-functions
https://www.illustrativemathematics.org/content-standards/tasks/1592
https://www.illustrativemathematics.org/content-standards/tasks/1592
https://www.illustrativemathematics.org/content-standards/tasks/1910
https://www.illustrativemathematics.org/content-standards/tasks/1910
https://www.illustrativemathematics.org/content-standards/tasks/567
https://www.illustrativemathematics.org/content-standards/tasks/567
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/constructing-linear-and-exponential-functions-from-data
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/constructing-linear-and-exponential-functions-from-graph
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/constructing-linear-and-exponential-functions-from-graph
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/v/linear-exponential-models
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/modeling/modeling-exponentials/identify-from-data
https://www.youtube.com/watch?v=6kaTDzuaxWo
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d.

Constant Percent Rate of Change
LearnZillion: Understand the rate of change in exponential growth functions

Solving Exponential Equations and Functions (A1.ACE.1*; A1.ACE.2*; A1.FIF.1a; A1.FIF.1b; A1.FIF.2%;)

a.

Evaluating Exponential Functions utilizing Function Notation
Illustrative Mathematics: Carbon 14 Dating

VirtualNerd: What’s a Function?

VirtualNerd: How Do You Evaluate an Exponential Function?
VirtualNerd: How Do You Solve a Problem With Exponential Growth?
Zona Land Education: Compound Interest

Solving Simple Exponential Equations

Monterey Institute: Introduction to Exponential Functions (Text)
Monterey Institute: Introduction to Exponential Functions (Video & Lesson)
Algebra 1 Lessons WCCUSD: Solving Exponential Equations

Khan Academy: Solving Basic Exponential Models

Graphing Exponential Functions (A1.FBF.3*; AL1.FIF.1c; A1.FIF.4*; A1.FIF.5*%; A1.FIF.7*)

a.

Transformations of the Parent Function

Algebra 1 Lessons WCCUSD: Graphing Exponential Functions
Illustrative Mathematics: Identifying Exponential Graphs - Investigation
MathBitsNotebook: Features of Exponential Functions

RegentsPrep: Transforming Functions

RegentsPrep: Ideas for Working With Transformations

RegentsPrep: Using Transformations to Investigate Functions

Zona Land Education: Transform f(x)=2x

Graph Given the Equation

Khan Academy: How to Graph an Exponential Function Given its Formula
VirtualNerd: How Do You Graph an Exponential Function Using a Table?
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https://learnzillion.com/lesson_plans/5467-understand-the-rate-of-change-in-exponential-growth-functions
https://learnzillion.com/lesson_plans/5467-understand-the-rate-of-change-in-exponential-growth-functions
https://www.illustrativemathematics.org/content-standards/tasks/758
https://www.illustrativemathematics.org/content-standards/tasks/758
http://www.virtualnerd.com/algebra-2/linear-equations-functions/relations-functions/functions/standard-form-definition
http://www.virtualnerd.com/algebra-2/linear-equations-functions/relations-functions/functions/standard-form-definition
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/exponential-function/identify-and-evaluate/evaluate
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/exponential-function/identify-and-evaluate/evaluate
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/growth-word-problem.php
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/growth-word-problem.php
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/compoundInterest.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/COURSE_TEXT2_RESOURCE/U18_L1_T1_text_container.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/COURSE_TEXT2_RESOURCE/U18_L1_T1_text_container.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/SolveExponentialEquationsv1.pdf
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/SolveExponentialEquationsv1.pdf
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/solving-basic-exponential-models
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/solving-basic-exponential-models
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
https://www.illustrativemathematics.org/content-standards/tasks/2115
https://www.illustrativemathematics.org/content-standards/tasks/2115
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponential.html
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponential.html
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson1.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson1.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funcresource.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funcresource.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson.htm
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/transform2ToTheX/transform2ToTheX.html
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/transform2ToTheX/transform2ToTheX.html
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/v/graphing-exponential-functions
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/v/graphing-exponential-functions
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions/graphing-with-tables

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 1 Unit 4: Modeling and Analyzing Exponential Functions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

Resources

Dictionaries, Calculators, and Templates (Graphs, Graphic Organizers)
a. A Maths Dictionary for Kids: Explicit Vocabulary Building
b. A Maths Dictionary for Kids: Math Charts Printable Resources
c. Math Open Reference: Calculator Tools
d. Math Warehouse: Interactive Parabola
e. Teacher Vision: Graphic Organizer Printables
f. Web 2.0: Calculator

Teaching Strategies
a. Creative Educator: Success Begins with Effective Design
b. Creative Educator: Writing Authentic Tasks
c. Google: Problem-Based Learning
d. llustrative Mathematics: |llustrative Mathematics
e. Math VIDS: Authentic Contexts
f.  Power Up What Works: Math Strategies that Work Research

Exponential Lesson Modules, Teacher Notes, PowerPoints, Videos, Applets, and Activities
a. Regents Exam Prep Center: Exponential Functions
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http://www.amathsdictionaryforkids.com/terms%20of%20use
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/
http://www.mathopenref.com/
http://www.mathwarehouse.com/quadratic/parabola/interactive-parabola.php
http://www.mathwarehouse.com/quadratic/parabola/interactive-parabola.php
http://www.teachervision.com/lesson-plans/lesson-6293.html
http://www.teachervision.com/lesson-plans/lesson-6293.html
http://web2.0calc.com/
http://www.mathopenref.com/common/calcappletframe.html?applet=calculator&wid=600&ht=400
file://///MSFS01/Users/LBoozer/Mathematics/Math%20Resources/Phase%202%202015-16%20Support%20Document%20Team/HS%20Team/Success%20Begins%20with%20Effective%20Design
file://///MSFS01/Users/LBoozer/Mathematics/Math%20Resources/Phase%202%202015-16%20Support%20Document%20Team/HS%20Team/Success%20Begins%20with%20Effective%20Design
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
file://///MSFS01/Users/LBoozer/Mathematics/Math%20Resources/Phase%202%202015-16%20Support%20Document%20Team/HS%20Team/Problem-Based%20Learning
file://///MSFS01/Users/LBoozer/Mathematics/Math%20Resources/Phase%202%202015-16%20Support%20Document%20Team/HS%20Team/Problem-Based%20Learning
https://www.illustrativemathematics.org/
https://www.illustrativemathematics.org/
http://fcit.usf.edu/mathvids/strategies/ac.html
http://fcit.usf.edu/mathvids/strategies/ac.html
http://powerupwhatworks.org/resource/research-math-practices
http://powerupwhatworks.org/resource/research-math-practices
http://www.regentsprep.org/regents/math/algtrig/ATP8b/exponentialFunction.htm

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 1 Unit 4: Modeling and Analyzing Exponential Functions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

Defining Exponential Relationships (A1.FLQE.1*; A1.FIF.8%)
a. Introduction to Exponential Behavior
Algebra 1 Lessons WCCUSD: Exponential Functions - Writing Exponential Functions Based on Data: An Introductory Lesson

GoalBook: Equivalent Exponential Expressions Teaching Strategies
Illustrative Mathematics: Decaying Dice- Investigation
Illustrative Mathematics: Last Person Standing - Investigation
Illustrative Mathematics: Paper Folding - Investigation
Illustrative Mathematics: The Bank Account
Illustrative Mathematics: Valuable Quarter - Investigation
Khan Academy: Introduction to Exponential Functions
Khan Academy: How to Model a Real-World Context with an Exponential Function
RegentsPrep: Exponential Growth and Decay
RegentsPrep: Activity for Discovering Exponential Growth and Decay
VirtualNerd: What’s An Exponential Function?
VirtualNerd: What Is Exponential Growth?
Zona Land Education: Exponential Functions
b. Distinguish between Linear and Exponential Relationships
GoalBook: Linear and Exponential Functions Teaching Strategies
Illustrative Mathematics: Boiling Water - Investigation
Illustrative Mathematics: Finding Linear and Exponential Models
Illustrative Mathematics: Do Two Points Always Determine an Exponential Function?
Khan Academy: How to Construct Linear and Basic Exponential Functions From a Table of Values
Khan Academy: How to Construct Linear and Exponential Functions From Their Graphs
Khan Academy: How to Distinguish Between Linear and Exponential Models
VirtualNerd: How Do You |dentify Exponential Behavior From a Pattern in the Data?
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http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/ExponentialFunctionsIntro201516v1.pdf
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/ExponentialFunctionsIntro201516v1.pdf
https://goalbookapp.com/toolkit/goal/equivalent-exponential-expressions
https://goalbookapp.com/toolkit/goal/equivalent-exponential-expressions
https://www.illustrativemathematics.org/content-standards/tasks/2130
https://www.illustrativemathematics.org/content-standards/tasks/2130
https://www.illustrativemathematics.org/content-standards/tasks/2119
https://www.illustrativemathematics.org/content-standards/tasks/2119
https://www.illustrativemathematics.org/content-standards/tasks/2114
https://www.illustrativemathematics.org/content-standards/tasks/2114
https://www.illustrativemathematics.org/content-standards/tasks/390
https://www.illustrativemathematics.org/content-standards/tasks/390
https://www.illustrativemathematics.org/content-standards/tasks/1421
https://www.illustrativemathematics.org/content-standards/tasks/1421
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/exponential-growth-functions
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/exponential-growth-functions
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/constructing-basic-exponential-models/v/modeling-ticket-fines-with-exponential-function
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/constructing-basic-exponential-models/v/modeling-ticket-fines-with-exponential-function
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayL.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayL.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayR.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayR.htm
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions/function-definition
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions/function-definition
http://www.virtualnerd.com/tutorials/?id=Alg1_06_02_0018
http://www.virtualnerd.com/tutorials/?id=Alg1_06_02_0018
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/exponentialFunctions.html
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/exponentialFunctions.html
https://goalbookapp.com/toolkit/goal/linear-and-exponential-functions
https://goalbookapp.com/toolkit/goal/linear-and-exponential-functions
https://www.illustrativemathematics.org/content-standards/tasks/1592
https://www.illustrativemathematics.org/content-standards/tasks/1592
https://www.illustrativemathematics.org/content-standards/tasks/1910
https://www.illustrativemathematics.org/content-standards/tasks/1910
https://www.illustrativemathematics.org/content-standards/tasks/567
https://www.illustrativemathematics.org/content-standards/tasks/567
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/constructing-linear-and-exponential-functions-from-data
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/constructing-linear-and-exponential-functions-from-graph
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/constructing-linear-and-exponential-functions-from-graph
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/v/linear-exponential-models
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/modeling/modeling-exponentials/identify-from-data
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/modeling/modeling-exponentials/identify-from-data

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 1 Unit 4: Modeling and Analyzing Exponential Functions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

Solving Exponential Equations and Functions (A1.ACE.1*; A1.ACE.2*; A1.FIF.1a; A1.FIF.1b; A1.FIF.2*)
a. Evaluating Exponential Functions utilizing Function Notation
Illustrative Mathematics: Carbon 14 Dating
VirtualNerd: What’s a Function?
VirtualNerd: How Do You Evaluate an Exponential Function?
VirtualNerd: How Do You Solve a Problem With Exponential Growth?
Zona Land Education: Compound Interest
b. Solving Simple Exponential Equations
Monterey Institute: Introduction to Exponential Functions (Text)
Monterey Institute: Introduction to Exponential Functions (Video & Lesson)
Algebra 1 Lessons WCCUSD: Solving Exponential Equations
Khan Academy: Solving Basic Exponential Models

Graphing Exponential Functions (A1.FBF.3*; AL1.FIF.1c; A1.FIF.4*; A1.FIF.5*%; A1.FIF.7*)
a. Transformations of the Parent Function
Algebra 1 Lessons WCCUSD: Graphing Exponential Functions
Illustrative Mathematics: Identifying Exponential Graphs - Investigation
MathBitsNotebook: Features of Exponential Functions
RegentsPrep: Transforming Functions
RegentsPrep: Ideas for Working With Transformations
RegentsPrep: Using Transformations to Investigate Functions
Zona Land Education: Transform f(x) = 2x[
b. Graph Given the Equation
Khan Academy: How to Graph an Exponential Function Given its Formula
VirtualNerd: How Do You Graph an Exponential Function Using a Table?

a. Georgia Department of Education: Georgia Performance Standards
Mathematics Assessment Project — Mathematics Assessment Resource Service: Math Assessment Resource Service
Virtual Nerd: Algebra Skills Videos
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https://www.illustrativemathematics.org/content-standards/tasks/758
https://www.illustrativemathematics.org/content-standards/tasks/758
http://www.virtualnerd.com/algebra-2/linear-equations-functions/relations-functions/functions/standard-form-definition
http://www.virtualnerd.com/algebra-2/linear-equations-functions/relations-functions/functions/standard-form-definition
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/exponential-function/identify-and-evaluate/evaluate
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/exponential-function/identify-and-evaluate/evaluate
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/growth-word-problem.php
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/growth-word-problem.php
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/compoundInterest.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/COURSE_TEXT2_RESOURCE/U18_L1_T1_text_container.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/COURSE_TEXT2_RESOURCE/U18_L1_T1_text_container.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/SolveExponentialEquationsv1.pdf
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/SolveExponentialEquationsv1.pdf
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/solving-basic-exponential-models
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/solving-basic-exponential-models
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
https://www.illustrativemathematics.org/content-standards/tasks/2115
https://www.illustrativemathematics.org/content-standards/tasks/2115
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponential.html
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponential.html
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson1.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson1.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funcresource.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funcresource.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson.htm
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/transform2ToTheX/transform2ToTheX.html
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/transform2ToTheX/transform2ToTheX.html
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/v/graphing-exponential-functions
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/v/graphing-exponential-functions
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions/graphing-with-tables
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions/graphing-with-tables
https://www.georgiastandards.org/Frameworks/Pages/BrowseFrameworks/math9-12.aspx
https://www.georgiastandards.org/Frameworks/Pages/BrowseFrameworks/math9-12.aspx
http://map.mathshell.org/
http://map.mathshell.org/
http://www.virtualnerd.com/algebra-1/all

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 1 Unit 4: Modeling and Analyzing Exponential Functions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

Sample Formative Assessment Tasks/Questions

Defining Exponential Relationships (A1.FLQE.1*; A1.FIF.8%)

a. GoalBook: Equivalent Exponential Expressions
GoalBook: Linear and Exponential Functions
Khan Academy: Construct Basic Exponential Functions
Khan Academy: Construct Exponential Functions Given the Graph
Khan Academy: Distinguish Between Linear and Exponential Models
Illustrative Mathematics: Allergy Medication- Performance Task
Illustrative Mathematics: Boom Town - Performance Task
Illustrative Mathematics: Exponential Parameters - Performance Task
i. Illustrative Mathematics: Exponential Growth Versus Linear Growth
j. Ilustrative Mathematics: Linear or Exponential?
k. Illustrative Mathematics: Solving Problems with Linear and Exponential Models - Performance Task
I.  MathBitsNotebook: Exponential Growth and Decay

S®m 0 o0 DT

Writing and Solving Exponential Equations (Includes Geometric Sequences) and Functions (A1.FLQE.2*; A1.ACE.1*; A1.ACE.2*; A2.FBF.1,
A1.FIF.1a; A1.FIF.1b; AL1.FIF.2%)

a. CPALMS: Writing an Exponential Function From a Description

b. Illustrative Mathematics: All Your Base Are Belong to Us - Performance Task

c. llustrative Mathematics: DDT-cay- Performance Task

d. llustrative Mathematics: Predicting the Past - Performance Task

e. lllustrative Mathematics: Uranium 238 - Performance Task

f.  Mathematics Vision Project: Arithmetic and Geometric Sequences

g. Monterey Institute: Introduction to Exponential Functions (Practice & Review Tabs)
h. RegentsPrep: Practice with Applied Exponential Growth/Decay

i

RegentsPrep: Practice with Exponential Equations and Graphs
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https://goalbookapp.com/toolkit/goal/equivalent-exponential-expressions
https://goalbookapp.com/toolkit/goal/equivalent-exponential-expressions
https://goalbookapp.com/toolkit/goal/linear-and-exponential-functions
https://goalbookapp.com/toolkit/goal/linear-and-exponential-functions
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/e/construct-basic-exponential-functions-from-initial-value-and-common-ratio
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/e/construct-basic-exponential-functions-from-table-or-graph
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/e/construct-basic-exponential-functions-from-table-or-graph
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/e/understanding-linear-and-exponential-models
https://www.illustrativemathematics.org/content-standards/tasks/2125
https://www.illustrativemathematics.org/content-standards/tasks/2125
https://www.illustrativemathematics.org/content-standards/tasks/2126
https://www.illustrativemathematics.org/content-standards/tasks/2126
https://www.illustrativemathematics.org/content-standards/tasks/2116
https://www.illustrativemathematics.org/content-standards/tasks/2116
https://www.illustrativemathematics.org/content-standards/tasks/366
https://www.illustrativemathematics.org/content-standards/tasks/366
https://www.illustrativemathematics.org/content-standards/tasks/629
https://www.illustrativemathematics.org/content-standards/tasks/629
https://www.illustrativemathematics.org/content-standards/tasks/1911
https://www.illustrativemathematics.org/content-standards/tasks/1911
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeGrowthDecayPractice.html
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeGrowthDecayPractice.html
http://www.cpalms.org/Public/PreviewResourceAssessment/Preview/59826
https://www.illustrativemathematics.org/content-standards/tasks/2129
https://www.illustrativemathematics.org/content-standards/tasks/2129
https://www.illustrativemathematics.org/content-standards/tasks/2128
https://www.illustrativemathematics.org/content-standards/tasks/2128
https://www.illustrativemathematics.org/content-standards/tasks/2127
https://www.illustrativemathematics.org/content-standards/tasks/2127
https://www.illustrativemathematics.org/content-standards/tasks/1909
https://www.illustrativemathematics.org/content-standards/tasks/1909
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayP.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayP.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayEP.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayEP.htm

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 1 Unit 4: Modeling and Analyzing Exponential Functions
Return to High School Overview, High School Table of Contents, or Algebra 1 Coversheet.

Graphs of Exponential Functions (A1.FBF.3*; A1.FIF.1c; A1.FIF.4*; A1.FIF.5%; A1.FIF.6*; A1.FIF.7*; A1.FIF.9%)

CPALMS: Air Cannon: Calculating Average Rate of Change; Comparing Linear and Exponential Rates of Change

Illustrative Mathematics: Exponential Functions

Khan Academy: Graphs of Basic Exponential Functions

MathBitsNotebook: Practice Page - Exponential Functions

Mathematics Assessment Project — Mathematics Assessment Resource Service: Representing Functions of Everyday Situations
RegentsPrep: Working with Transformations and Functions (Practice)

Georgia Department of Education: Mathematics Teacher Support
Gizmos: Resource Catalog
IXL Learning: Algebra 1 Practice
LearnZillion: Algebra Math Video Lessons
MathBits: Working with Algebra Tiles
Mathematics Assessment Project — Mathematics Assessment Resource Service: Classroom Challenges (Formative Assessment Lessons)
Mathematics Assessment Project — Mathematics Assessment Resource Service: Guide for Teachers and Administrators
National Library of Virtual Manipulatives: Algebra Virtual Manipulatives
Quia: Mathematics Shared Activities
Regents Exam Prep Center: Algebra
SAS Curriculum Pathways: SAS Algebra 1 Course
Study Zone: Intermediate Test Prep (6-8)
. Virtual Nerd: Algebra 1
. West Contra Costa Unified School District: Algebra 1 Lessons
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http://www.cpalms.org/Public/PreviewResourceAssessment/Preview/56664
http://www.cpalms.org/Public/PreviewResourceAssessment/Preview/69098
https://www.illustrativemathematics.org/content-standards/tasks/351
https://www.illustrativemathematics.org/content-standards/tasks/351
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/e/graphs-of-basic-exponential-functions
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/e/graphs-of-basic-exponential-functions
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponentialPractice.html
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponentialPractice.html
http://map.mathshell.org/lessons.php?unit=9260&collection=8
http://regentsprep.org/Regents/math/algtrig/ATP9/funcprac.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funcprac.htm
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog#grades
https://www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog#grades
https://www.ixl.com/math/algebra-1
https://www.ixl.com/math/algebra-1
https://learnzillion.com/resources/75023-algebra-math-video-lessons
https://learnzillion.com/resources/75023-algebra-math-video-lessons
http://mathbits.com/MathBits/AlgebraTiles/AlgebraTiles/AlgebraTiles.html
http://map.mathshell.org/background.php
http://map.mathshell.org/background.php
http://map.mathshell.org/guides/map_cc_teacher_guide.pdf
http://map.mathshell.org/guides/map_cc_teacher_guide.pdf
http://nlvm.usu.edu/en/nav/category_g_3_t_2.html
http://nlvm.usu.edu/en/nav/category_g_3_t_2.html
http://www.quia.com/shared/mathematics/
http://www.quia.com/shared/mathematics/
http://www.regentsprep.org/regents/math/algebra/math-ALGEBRA.htm
http://www.regentsprep.org/regents/math/algebra/math-ALGEBRA.htm
https://www.sascurriculumpathways.com/portal/mobile/algebra1/start.html
https://www.sascurriculumpathways.com/portal/mobile/algebra1/start.html
http://www.studyzone.org/mtestprep/math8.cfm
http://www.studyzone.org/mtestprep/math8.cfm
http://www.virtualnerd.com/algebra-1/all
http://www.virtualnerd.com/algebra-1/all
http://www.wccusd.net/Page/3224
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e A1.FLQE.1* Distinguish between situations that can be modeled with linear functions or exponential functions by recognizing situations in
which one quantity changes at a constant rate per unit interval as opposed to those in which a quantity changes by a constant percent rate
per unit interval.

o Compare slopes between multiple points of a linear function and slopes between multiple points of an exponential function.

o Compare situations such as hourly wages (linear) vs. population growth (exponential).

o Use context to decide if a rate of change is a linear (constant rate per unit) or an exponential (constant percent rate per unit) model.
o Compare linear functions (y = mx + b) to exponential functions (y = ax + k).

e A1.FLQE.1la (Note: FA.FLQE.1a is not a Graduation Standard.) Prove that linear functions grow by equal differences over equal intervals and
that exponential functions grow by equal factors over equal intervals.

o Determine for linear functions that the differences are the same between consecutive y-values whose x-values are equal distances
apart.

o Determine for exponential functions that the differences are increasing or decreasing by a constant factor between consecutive y-
values whose x-values are equal distances apart.

o Use tabular and graphical representations to show these constant patterns.

o Prove that linear functions grow by equal differences over equal intervals and that exponential functions grow by equal factors over
equal intervals.

o Demonstrate that a linear function has a constant rate of change (slope).

o Demonstrate that an exponential function has a constant multiplier (common ratio) over equal intervals.

e AI1.FLQE.2* Create symbolic representations of linear and exponential functions, including arithmetic and geometric sequences, given

graphs, verbal descriptions, and tables. (Limit to linear; exponential.)
o Write equations given a graph, a verbal description, and/or a table of values.
o Explain differences in arithmetic and geometric sequences to extend previous knowledge.
o Write equations for arithmetic or geometric sequences.
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e A1.FLQE.3* Observe using graphs and tables that a quantity increasing exponentially eventually exceeds a quantity increasing linearly,
guadratically, or more generally as a polynomial function.
o Compare the graphs of exponentials, quadratics, and linear functions on the same coordinate plane.
o Compare the tables of exponentials, quadratics, and linear functions at the same time using the same x-values.
o Use graphs or tables to compare the output values of linear, quadratic, and exponential functions.
o Estimate the intervals for which the output of one function is greater than the output of another function when given a table or
graph.

Use technology to find the point at which the graphs of two functions intersect.

o Use the points of intersection to precisely describe the intervals for which the output of one function is greater than the output of
another function.

o Explain why exponential functions eventually have greater output values than linear and quadratic functions by comparing simple
functions of each type.

e A1.FLQE.5* Interpret the parameters in a linear erexpenential function in terms of the context. (Limit to linear.)

o Use a given situation to Identify limits to possible domain and range values. (e.g., When calculating job wages for a week, there is a
limit to the number of hours a worker has in a week to earn wages.)

o lIdentify the names and definitions of parameters m and b in the linear function f(x) = mx + b.

o Explain the meaning (using appropriate units) of the slope of a line when the line models a real-world relationship.

o Explain the meaning (using appropriate units) of the y-intercept of a line when the line models a real-world relationship.

e A1.FBF.3* Describe the effect of the transformations kf (x), f(x) + k, f(x + k), and combinations of such transformations on the graph
of y = f(x) for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its
graph. (Limit to linear; quadratic; exponential with integer exponents; vertical shift and vertical stretch.)

o Extend previous knowledge (Unit 4) using all three types of functions.
o Determine the parent function and its transformation for a given problem.
e Al.FIF.1* Extend previous knowledge of a function to apply to general behavior and features of a function.
o Extend previous knowledge (Units 2, 3) using linear and quadratic functions.
o Determine maximum/minimum values, increasing/decreasing, symmetry, end behavior, intercepts, and positive/negative regions of
a function.

O
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e Al.FIF.1a Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of the
domain exactly one element of the range.

o Extend previous knowledge (Units 2, 3, 4) using all three types of functions.

e A1.FIF.1b Represent a function using function notation and explain that f(x) denotes the output of function & that corresponds to the input
X.

o Extend previous knowledge (Units 2, 3, 4) using all three types of functions.
o Recognize that when x is an element of the input of a function, f (x) represents the corresponding output of the function.
e AL.FIF.1c Understand that the graph of a function labeled as f (x, y) is the set of all ordered pairs (x, y) that satisfy the equation y = f(x).
o Extend previous knowledge (Units 2, 3, 4) using all three types of functions.
o Explain that the graph of f is the graph of the equation y = f(x).

e AL1.FIF.2* Evaluate functions and interpret the meaning of expressions involving function notation from a mathematical perspective and in

terms of the context when the function describes a real-world situation.
o Extend previous knowledge (Units 2, 3, 4) using all three types of functions.
o ldentify whether the context of the problem involves linear, quadratic, or exponential functions.

e AI1.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. (Limit
to linear; quadratic; exponential.)

o Connect this content to the content of A1.AREI.4*.
o Extend previous knowledge (Units 2, 3, 4) using all three types of functions.

e Al.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes. (Limit to
linear; quadratic; exponential.)

o Extend previous knowledge (Units 2, 3, 4) using all three types of functions.
o Analyze the input and output values of all three types of functions in algebraic, graphic, tabular, and verbal forms.

e Al.FIF.6* Given a function in graphical, symbolic, or tabular form, determine the average rate of change of the function over a specified
interval. Interpret the meaning of the average rate of change in a given context.

o Extend previous knowledge (Units 2, 3, 4) using all three types of functions.
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e AL.FIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. Graph simple
cases by hand and use technology for complicated cases.

o Extend previous knowledge (Units 2, 3, 4) using all three types of functions.

Identify whether the function given is linear, quadratic, or exponential.

Graph a function using evaluated points.

Use technology to graph a function and to find precise values for the key features.

Determine the domain, range, and end behavior (horizontal asymptote) of an exponential function when examining the graph.

Classify exponential functions in function notation as growth or decay.

Substitute convenient values for x to create a table and graph for all three types of functions.

o Use technology to analyze graphs and tables of difficult linear, quadratic, or exponential functions.
e AL1.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal. (Limit to
linear; quadratic; exponential.)
o Extend previous knowledge (Units 2, 3, 4) using all three types of functions.
o Continue comparisons of different representations of two functions to increase understanding and applications of the properties of
linear, quadratic, and exponential functions.

O O O O O O
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New Academic Vocabulary for This Unit

® Parameters of a Function (Limits)
e Polynomial Function
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Prior Knowledge Required for this Unit

In earlier grades or units, students have developed conceptual knowledge and been expected to:
e Find the slope of a line given two points. (8.F.4)

Find the slope of a line given a graph. (8.F.4)

Find the slope of a line given a table. (8.F.4)

Explain that slope is a constant rate of change for linear functions while slope is a constant percent rate of change for a given interval for

other functions. (8.F.3, 8.F.4, A1.FIF.6; Algebra 1 Units 2-4)

Find the average constant rate of change or average constant percent rate of change for an interval. (A1.FIF.6; Algebra 1 Units 2-4)

Explain how f(x)behaves at different domain intervals. (A1.FIF.1; Algebra 1 Units 2 —4)

Write an equation of a linear function using function notation. (A1.FIF.1; Algebra 1 Unit 2)

Write an equation for a quadratic function using function notation. (A1.FIF.1; Algebra 1 Unit 3)

Write an equation for an exponential function using function notation. (A1.FIF.1; Algebra 1 Unit 4)

Graph linear functions. (A1.ACE.2; Algebra 1 Units 1-2; A1.FIF.7; ; Algebra 1 Units 2)

Graph quadratic functions. (A1.ACE.2; Algebra 1 Unit 3; A1.FIF.7; Algebra 1 Unit 3)

Graph exponential functions. (A1.ACE.2; Algebra 1 Unit 4; A1.FIF.7; Algebra 1 Unit 4)

Construct and solve simple exponential equations. (A1.ACE.1; Algebra 1 Unit 4; A1.AREI.11; Algebra 1 Unit 4)

Identify and describe the transformations that have been applied to a parent function. (A1.FBF.3; Algebra 1 Units 3 —4)

Identify the names and definitions of parameters and key features of a function such as max/min, increasing/decreasing, symmetry,

intercepts, asymptotes, and end behavior. (A1.FIF.4; Algebra 1 Units 2 —4; A1.FIF.7; Algebra 1 Units 2 — 4)

e |dentify the domain and range of a function through contextual conditions and multiple representations of variables. (A1.FIF.5; Algebra 1
Units 2 —4)

e Draw conclusions and interpret the reasonableness of solutions for linear, quadratic, and exponential functions. (A1.ACE.1; Algebra 1 Units
1, 3, and 4)

e Use technology appropriately to explore variations of functions. (A1.FBF.3; Algebra 1 Units 3 — 4)
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Subsequent Knowledge Related to this Unit

e Unit 5 Algebra 1 explores different representations of data (input/output) for different types of functions. Students compare properties,
draw conclusions, interpret solutions, and determine the reasonableness of answers for linear, quadratic, and exponential functions.

o Will expand the exploration of data in Unit 6 (Describing Data). Subsequent high school courses (e.g., Algebra 2) build upon this
knowledge to deepen understanding and broaden applications.

e Unit 5 Algebra 1 continues to compare constant rate per unit intervals and constant percent rate per unit intervals. This unit compares the
growth of linear functions over equal intervals and the growth of exponential functions over equal intervals to demonstrate that linear
functions grow by equal differences while exponential functions grow by equal factors. Students calculate the average rate of change for
given intervals and use context to interpret the meaning.

o Will expand concepts of linear and exponential growth in subsequent high school courses (e.g., Algebra 2) to build upon this
knowledge, deepen understanding, and broaden applications.

e Unit 5 Algebra 1 compares, contrasts, and analyzes general behavior, the domain (input), range (output), and other key features of linear,
guadratic, other polynomial, and exponential functions. Students sketch graphs and write algebraic functions, including arithmetic and
geometric sequences, for linear and exponential data presented in multiple representations.

o Will expand the exploration of data in Unit 6 (Describing Data). Subsequent high school courses (e.g., Algebra 2) build upon this
knowledge to deepen understanding and broaden applications.

e Unit5 Algebra 1 compares quantities increasing exponentially to quantities increasing linearly, quadratically, or more generally as a
polynomial function through different representations (tables, graphs) to conclude that exponential functions eventually have greater
output values than polynomial functions.

o  Will expand understanding of that the output values of exponential functions eventually exceed the output values of polynomial
functions in subsequent high school courses (e.g., Algebra 2) to build upon this knowledge and broaden applications.

e Unit 5 Algebra 1 explores the parameters of linear functions in terms of a given context.

o Willincrease understanding of the parameters of linear functions when used to describe data for given contexts in Unit 6 (Describing
Data).

o Will extend to explore parameters of exponential functions in terms of a given context (A1.FLQE.5*) in subsequent high school
courses (e.g., Algebra 2).
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e Unit 5 Algebra 1 deepens conceptual knowledge of linear, quadratic, and exponential functions by having students transform parent
functions, use function notation to represent real-world contexts, and evaluate functions.
o Will continue the use of function notation to represent real-world data in Unit 6 (Describing Data). Subsequent high school courses
(e.g. Algebra 2) build upon this knowledge to deepen understanding and broaden applications.
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Relationship Among Standards in this Unit

Unit 5 standards increase students’ conceptual knowledge of linear, quadratic, and exponential functions by describing the domain and range of
functions and by using different representations and contexts to compare and contrast key features. All standards except FLQE.1a, 3, and 5 have
been taught in Units 1 — 4. The purpose of revisiting these standards is to go deeper into the similarities and differences of each type of function and
to connect mathematical ideas to expand students’ conceptual understanding. Students continue to use and interpret function notation, write
linear and exponential functions to include arithmetic (linear) sequences and geometric (exponential) sequences, evaluate functions using domain
values, describe functions’ behaviors (e.g. x increasing, x decreasing, or x approaching zero), and identify the effect of one or more transformations
on parent functions. Students apply knowledge of these types of functions to solve problems and analyze situations to determine or produce
appropriate linear, quadratic, or exponential models for functions. New standards introduced in Unit 5 compare the rate of change per unit for
linear functions (constant rate of change) to the rate of change per unit for exponential functions (constant percent rate of change). Students
analyze intervals in graphs or tables to demonstrate that linear data changes by equal differences (slope) while exponential data changes by equal
factors (common ratio) (A1.FLQE.1a) and that data increasing exponentially will at some point exceed data increasing as a polynomial function,
specifically linearly or quadratically (A1.FLQE.3*). Students calculate and interpret the average rate of change over a given interval and interpret its
meaning if data is given in terms of context. Unit 5 also introduces the limits (parameters) of linear functions in terms of context (A1.FLQE.5).
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 5.

Comparing Linear and Exponential Growth (A1.FLQE.1 and 1a, A1.FLQE.2*, A1.FLQE.3)
a. Comparing Models

Illustrative Mathematics: Exponential Growth Versus Linear Growth |

Illustrative Mathematics: Exponential Growth Versus Linear Growth Il

Khan Academy: Distinguish Between Linear and Exponential Models

LearnZillion: Distinguish Between Linear and Exponential Functions by Examining Intervals
LearnZillion: Distinguish Between Linear and Exponential Functions Using Tables

Algebra 4 All: Comparing Linear and Exponential Functions

National Math and Science Initiative: Rate of Change

Evaluating Exponential Equations and Functions (A1.FIF.1a; A1.FIF.1b; A1.FIF.2%)

a.

Using Functional Notation and Evaluating Functions

Regents Prep: Functional Notation and Evaluating Functions
Evaluating Exponential Functions utilizing Function Notation
Illustrative Mathematics: Carbon 14 Dating

VirtualNerd: What's a Function?

VirtualNerd: How Do You Solve a Problem With Exponential Growth?
Zona Land Education: Compound Interest

Solving Simple Exponential Equations

Monterey Institute: Introduction to Exponential Functions (Video & Lesson)
Algebra 1 Lessons WCCUSD: Solving Exponential Equations

Khan Academy: Solving Basic Exponential Models

Solving Quadratic Equations

Better Lesson: Modeling with Quadratic Functions

LearnZillion: Complete the Square in a Quadratic Expression

Math Is Fun: Real World Quadratic Equations

Math Is Fun: Quadratic Equations

Khan Academy: How To Interpret Quadratic Models

Khan Academy: How To Model a Real-World Quadratic Model
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https://www.illustrativemathematics.org/content-standards/tasks/366
https://www.illustrativemathematics.org/content-standards/tasks/368
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/e/understanding-linear-and-exponential-models
https://learnzillion.com/lesson_plans/4995-distinguish-between-linear-and-exponential-functions-by-examining-intervals
https://learnzillion.com/lesson_plans/6663-distinguish-between-linear-and-exponential-functions-using-tables
http://a4a.learnport.org/video/comparing-linear-and
http://www.nms.org/Portals/0/Docs/FreeLessons/Fill%20It%20Up,%20Please%20-%20Part%20III.pdf
http://www.regentsprep.org/regents/math/algtrig/atp5/EvaluatingFunctions.htm
https://www.illustrativemathematics.org/content-standards/tasks/758
https://www.illustrativemathematics.org/content-standards/tasks/758
http://www.virtualnerd.com/algebra-2/linear-equations-functions/relations-functions/functions/standard-form-definition
http://www.virtualnerd.com/algebra-2/linear-equations-functions/relations-functions/functions/standard-form-definition
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/growth-word-problem.php
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/growth-word-problem.php
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/compoundInterest.html
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/compoundInterest.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/SolveExponentialEquationsv1.pdf
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/SolveExponentialEquationsv1.pdf
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/solving-basic-exponential-models
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/solving-basic-exponential-models
http://betterlesson.com/lesson/558828/modeling-with-quadratic-functions
http://betterlesson.com/lesson/558828/modeling-with-quadratic-functions
https://learnzillion.com/lesson_plans/4718-complete-the-square-in-a-quadratic-expression-by-using-an-area-model#fndtn-lesson
https://learnzillion.com/lesson_plans/4718-complete-the-square-in-a-quadratic-expression-by-using-an-area-model#fndtn-lesson
http://www.mathsisfun.com/algebra/quadratic-equation-real-world.html
http://www.mathsisfun.com/algebra/quadratic-equation-real-world.html
http://www.mathsisfun.com/algebra/quadratic-equation.html
http://www.mathsisfun.com/algebra/quadratic-equation.html
https://www.khanacademy.org/math/algebra/quadratics/interpret-quadratic-models/v/modeling-mosquitos-with-quadratics
https://www.khanacademy.org/math/algebra/quadratics/interpret-quadratic-models/v/modeling-mosquitos-with-quadratics
https://www.khanacademy.org/math/algebra2/modeling-with-algebra/one-variable-modeling/v/quadratic-inequality-word-problem
https://www.khanacademy.org/math/algebra2/modeling-with-algebra/one-variable-modeling/v/quadratic-inequality-word-problem
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e. Solving Linear Equations
Algebra-Class: Linear Functions Using Function Notation
Algebra-Class: Solving A Linear Function
Socratic: Function Notation and Linear Function

Writing and Graphing Linear and Exponential Functions (A1.FBF.3*, A1.FIF.1c; A1.FIF.4*; A1.FIF.5%; A1.FIF.7%*)
a. Transformations of the Parent Function
Algebra 1 Lessons WCCUSD: Graphing Exponential Functions
Illustrative Mathematics: Identifying Exponential Graphs - Investigation
MathBitsNotebook: Features of Exponential Functions
RegentsPrep: Transforming Functions
RegentsPrep: Ideas for Working With Transformations
RegentsPrep: Using Transformations to Investigate Functions
Zona Land Education: Transform f(x)=2x
b. Graph Given the Equation
Khan Academy: How to Graph an Exponential Function Given its Formula
VirtualNerd: How Do You Graph an Exponential Function Using a Table?
c. Writing Linear and Exponential Equations
LearnZillion: Write and Graph An Exponential Function
LearnZillion: Write and Graph A Linear Equation
RegentsPrep: Geometric Sequences and Series

Comparing Linear, Exponential, and Quadratic Functions (A1.FLQE.5*, A1.FLQE.3, A1.FIF.6*, A1.FIF.9*)
a. Comparing Models

Khan Academy: How To Compare the Growth Rate of an Exponential Model And a Quadratic Model
Khan Academy: Compare the Growth Rates of Exponentials And Polynomials
VirtualNerd: How Do You Determine if a Graph Represents a Linear, Exponential, or Quadratic Function?
Algebra 1 Lessons WCCUSD: Comparing Linear and Quadratic Functions
Algebra 1 Lessons WCCUSD: Graphing Family of Function
Illustrative Mathematics: College Fund
Illustrative Mathematics: What Functions Do Two Graph Points Determine?
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http://www.algebra-class.com/linear-functions.html
http://www.algebra-class.com/linear-function.html
http://socratic.org/algebra/graphs-of-linear-equations-and-functions/function-notation-and-linear-functions
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
https://www.illustrativemathematics.org/content-standards/tasks/2115
https://www.illustrativemathematics.org/content-standards/tasks/2115
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponential.html
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponential.html
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson1.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson1.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funcresource.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funcresource.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson.htm
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/transform2ToTheX/transform2ToTheX.html
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/v/graphing-exponential-functions
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/v/graphing-exponential-functions
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions/graphing-with-tables
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions/graphing-with-tables
https://learnzillion.com/lesson_plans/7695-write-and-graph-an-exponential-function-by-examining-a-table
https://learnzillion.com/lesson_plans/5777-write-and-graph-a-linear-function-by-examining-a-table#fndtn-lesson
http://www.regentsprep.org/regents/math/algtrig/atp2/geoseq.htm
http://www.regentsprep.org/regents/math/algtrig/atp2/geoseq.htm
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/v/comparing-exponentials-quadratics
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/e/comparing-growth-rates-of-exponentials-and-polynomials
http://www.virtualnerd.com/algebra-1/quadratic-equations-functions/linear-exponential-comparison/linear-exponential-comparison-graphing-examples/determine-function-type-from-graph
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
https://www.illustrativemathematics.org/content-standards/tasks/1551
https://www.illustrativemathematics.org/content-standards/tasks/1551
https://www.illustrativemathematics.org/content-standards/tasks/376
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b. Finding Parameters
Math Insight: The Parameters of A Linear Function
c. Finding Average Rate of Change
LearnZillion (Constant Percent Rate of Change): Understand the rate of change in exponential growth functions
Khan Academy: Average Rate of Change Video Series
Math Bits: Average Rate of Change For Linear and Non-linear Functions
d. Comparing Two Functions
LearnZillion: Identify Function Properties
Online Math Learning: Compare Features and Properties of Two Functions
PBS Learning Media: Comparing Exponential, Quadratic, and Linear Functions
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http://mathinsight.org/linear_function_one_variable
http://mathinsight.org/linear_function_one_variable
https://learnzillion.com/lesson_plans/5467-understand-the-rate-of-change-in-exponential-growth-functions
https://learnzillion.com/lesson_plans/5467-understand-the-rate-of-change-in-exponential-growth-functions
https://www.khanacademy.org/math/algebra/algebra-functions/functions-average-rate-of-change/v/introduction-to-average-rate-of-change
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGAverageRAteChange.html
https://learnzillion.com/lesson_plans/8240-identify-function-properties
http://www.onlinemathlearning.com/compare-two-functions-hsf-if9.html
http://www.pbslearningmedia.org/resource/mgbh.math.f.grapher/comparing-exponential-quadratic-and-linear-functions/
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Resources

Dictionaries, Calculators, and Templates (Graphs, Graphic Organizers)
a. A Math Dictionary for Kids: Explicit Vocabulary Building

A Math Dictionary for Kids: Math Charts

Math Open Reference: Math Tools

Web 2.0: Calculator

Math Warehouse: Interactive Parabola

f. TeacherVision: Graphic Organizers

© oo o

Teaching Strategies
a. Power Up What Works: Math Strategies that Work Research:
Creative Educator: Write a Great Authentic Task
Math Vids: Authentic Contexts
Illustrative Mathematics: Homepage
Creative Educator: Project-Based Learning
Problem-Based Workshop: Problem-Based Learning
Graphing Stories: Homepage

m Do 0o

Comparmg Linear and Exponential Growth (A1.FLQE.1 and 1a, A1.FLQE.2*, A1.FLQE.3)
a. CPalms: Exponential Growth Versus Linear Growth
b. Khan Academy: How to Distinguish Between Linear and Exponential Models
c. My Math Universe: Comparing Linear and Exponential Functions

Evaluating Exponential Equations and Functions (A1.FIF.1a; A1.FIF.1b; A1.FIF.2¥)
a. Monterey Institute: Introduction to Exponential Functions
b. VirtualNerd: Evaluating An Exponential Function

Writing and Graphing Linear and Exponential Functions (A1.FBF.3*, A1.FIF.1c; A1.FIF.4*; A1.FIF.5*; A1.FIF.7*)
a. Khan Academy: Constructing Linear and Exponential Functions from Data
b. Purplemath: Graphing Linear Functions
c. Purplemath: Graphing Exponential Functions

Comparing Linear, Exponential, and Quadratic Functions (A1.FLQE.5*, A1.FLQE.3, A1.FIF.6*, A1.FIF.9%)
a. Virtual Nerd: Identifying Linear, Quadratic, and Exponential Functions
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http://www.amathsdictionaryforkids.com/
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/site/terms.html
http://www.mathopenref.com/
http://www.mathopenref.com/
http://web2.0calc.com/
http://web2.0calc.com/
http://www.mathwarehouse.com/quadratic/parabola/interactive-parabola.php
http://h
http://h
http://powerupwhatworks.org/resource/research-math-practices
http://powerupwhatworks.org/resource/research-math-practices
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://fcit.usf.edu/mathvids/strategies/ac.html
http://fcit.usf.edu/mathvids/strategies/ac.html
https://www.illustrativemathematics.org/
https://www.illustrativemathematics.org/
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
https://sites.google.com/site/prblworkshop/problem-based
https://sites.google.com/site/prblworkshop/problem-based
http://graphingstories.com/
http://www.cpalms.org/Public/PreviewResource/Preview/43652
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/v/linear-exponential-models
http://mymathuniverse.com/programs/cmp3/channels/12/channel_content_items/135
http://www.montereyinstitute.org/courses/DevelopmentalMath/COURSE_TEXT2_RESOURCE/U18_L1_T1_text_container.html
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/exponential-function/identify-and-evaluate/evaluate
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/constructing-linear-and-exponential-functions-from-data
http://www.purplemath.com/modules/graphlin.htm
http://www.purplemath.com/modules/graphexp.htm
http://www.virtualnerd.com/algebra-1/quadratic-equations-functions/linear-exponential-comparison/linear-exponential-comparison-graphing-examples/determine-function-type-from-graph
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Function Lesson Modules, Teacher Notes, PowerPoints, Videos, Applets, and Activities

a. Regents Exam Prep Center: Exponential Functions

b. Regents Exam Prep Center: Function Activity

c. Mathematics Assessment Project — Math Assessment Resource Service: Homepage
d. Georgia Department of Education: Georgia Performance Standards

e. Virtual Nerd: Algebra Skills Videos
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http://www.regentsprep.org/regents/math/algtrig/ATP8b/exponentialFunction.htm
http://www.regentsprep.org/regents/math/algtrig/ATP8b/exponentialFunction.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AP3/Tfunctions.htm
http://map.mathshell.org/
http://map.mathshell.org/
https://www.georgiastandards.org/Frameworks/Pages/BrowseFrameworks/math9-12.aspx
https://www.georgiastandards.org/Frameworks/Pages/BrowseFrameworks/math9-12.aspx
http://www.virtualnerd.com/algebra-1/all
http://www.virtualnerd.com/algebra-1/all
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Sample Formative Assessment Tasks/Questions

Comparing Linear and Exponential Growth (A1.FLQE.1 and 1a; A1.FLQE.2*; A1.FLQE.3)
a. lllustrative Mathematics: Choosing an Appropriate Growth Model
b. CPalms: Comparing Linear and Exponential Functions Formative Task
c. CPalms: Comparing Quadratic and Exponential Functions

Evaluating Exponential Equations and Functions (A1.FIF.1a; A1.FIF.1b; AL1.FIF.2¥)
a. Georgia Department of Education: Algebra 1 Comparing and Contrasting Functions

Writing and Graphing of Linear and Exponential Functions (A1.FBF.3*; A1.FIF.1c; A1.FIF.4*; A1.FIF.5%; A1.FIF.6*; A1.FIF.7*; A1.FIF.9*)
Mathematics Assessment Project: Representing Functions of Everyday Situations

CPalms: Air Cannon: Calculating Average Rate of Change

CPalms: Comparing Linear and Exponential Rates of Change

Illustrative Mathematics: Exponential Functions

Khan Academy: Graphs of Basic Exponential Functions

MathBitsNotebook: Practice Page - Exponential Functions

RegentsPrep: Working with Transformations and Functions (Practice)

Sm 0 o0 o
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https://www.illustrativemathematics.org/content-standards/tasks/1594
https://www.illustrativemathematics.org/content-standards/tasks/1594
http://www.cpalms.org/Public/PreviewResourceAssessment/Preview/60543
http://www.cpalms.org/Public/PreviewResource/Preview/69347
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-5.pdf
http://map.mathshell.org/lessons.php?unit=9260&collection=8
http://map.mathshell.org/lessons.php?unit=9260&collection=8
http://www.cpalms.org/Public/PreviewResourceAssessment/Preview/56664
http://www.cpalms.org/Public/PreviewResourceAssessment/Preview/56664
http://www.cpalms.org/Public/PreviewResourceAssessment/Preview/69098
https://www.illustrativemathematics.org/content-standards/tasks/351
https://www.illustrativemathematics.org/content-standards/tasks/351
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/e/graphs-of-basic-exponential-functions
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/e/graphs-of-basic-exponential-functions
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponentialPractice.html
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponentialPractice.html
http://regentsprep.org/Regents/math/algtrig/ATP9/funcprac.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funcprac.htm
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Comparing Linear, Exponential, and Quadratic Functions (A1.FLQE.5*; A1.FLQE.3; A1.FIF.6*; A1.FIF.9*)
Illustrative Mathematics: Comparing Graphs of Functions - Performance Task
IXL: Sample Questions For Linear, Quadratic, and Exponential Functions
Illustrative Mathematics: Identifying Functions Performance Task
William Mueller, Ph.D. Duke University (Families of Functions): http://wmueller.com/precalculus/families/splash.html
Georgia Department of Education: Mathematics Teacher Support
Gizmos: Resource Catalog
IXL Learning: Algebra 1 Practice
LearnZillion: Algebra Math Video Lessons
MathBits: Working with Algebra Tiles
Mathematics Assessment Project — Mathematics Assessment Resource Service: Classroom Challenges (Formative Assessment Lessons)
Mathematics Assessment Project — Mathematics Assessment Resource Service: Guide for Teachers and Administrators
National Library of Virtual Manipulatives: Algebra Virtual Manipulatives
. Quia: Mathematics Shared Activities
Regents Exam Prep Center: Algebra
SAS Curriculum Pathways: SAS Algebra 1 Course
Study Zone: Intermediate Test Prep (6-8)
Virtual Nerd: Algebra 1
West Contra Costa Unified School District: Algebra 1 Lessons
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https://www.illustrativemathematics.org/content-standards/tasks/1829
https://www.ixl.com/math/algebra-1
https://www.illustrativemathematics.org/content-standards/tasks/238
http://wmueller.com/precalculus/families/splash.html
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog#grades
https://www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog#grades
https://www.ixl.com/math/algebra-1
https://learnzillion.com/resources/75023-algebra-math-video-lessons
https://learnzillion.com/resources/75023-algebra-math-video-lessons
http://mathbits.com/MathBits/AlgebraTiles/AlgebraTiles/AlgebraTiles.html
http://map.mathshell.org/background.php
http://map.mathshell.org/background.php
http://map.mathshell.org/guides/map_cc_teacher_guide.pdf
http://map.mathshell.org/guides/map_cc_teacher_guide.pdf
http://nlvm.usu.edu/en/nav/category_g_3_t_2.html
http://www.quia.com/shared/mathematics/
http://www.regentsprep.org/regents/math/algebra/math-ALGEBRA.htm
http://www.regentsprep.org/regents/math/algebra/math-ALGEBRA.htm
https://www.sascurriculumpathways.com/portal/mobile/algebra1/start.html
http://www.studyzone.org/mtestprep/math8.cfm
http://www.virtualnerd.com/algebra-1/all
http://www.virtualnerd.com/algebra-1/all
http://www.wccusd.net/Page/3224
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Algebra 1 Unit 6 Title

Describing Data

Content Standards with Clarifying Notes

Prior Knowledge Required for this Unit

Possible Instructional Strategies/Lessons

New Academic Vocabulary for This Unit

Subsequent Knowledge Related to this Unit

Resources

Relationship Among Standards in this Unit

Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e A1.FLQE.5* Interpret the parameters in a linear erexpenential function in terms of the context. (Limit to linear.)

o

Identify limits to possible results based on the context of the problem. (e.g., When calculating job wages for a week, there is a limit to

the number of hours a worker has in a week to earn wages.)

e A1.SPID.6* Using technology, create scatterplots and analyze those plots to compare the fit of linear, quadratic, or exponential models to a
given data set. Select the appropriate model, fit a function to the data set, and use the function to solve problems in the context of the data.

(0]
O
(0]
O
o

e A1.SPID.7* Create a linear function to graphically model data from a real-world problem and interpret the meaning of the slope and

Use technology to input data into a table.

Create a scatterplot using technology.

Determine which type of function fits the scatterplot.

Use technology to create a function that fits the scatterplot.
Solve problems based on functions created with technology.

intercept(s) in the context of the given problem.

o
o
o
o
o

Determine the line of best fit for given data.

Choose points from the data to find the slope of the line of best fit.

Write a linear function for the line of best fit.

Identify the coordinate values for the intercepts along the line of best fit.

Use a given situation to describe what the slope and intercepts mean in terms of context .

e A1.SPID.8* Using technology, compute and interpret the correlation coefficient of a linear fit.
0 Use technology to input data into a table and calculate the correlation coefficient (the quantitative relationship between two or

o Describe the strength of the correlation between the data and line of linear fit in terms of the correlation coefficient (r).

variables) of a linear fit.

o Explain that the strength of the correlation depends on how well the changes to one variable predict changes for the other variable.
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New Academic Vocabulary for This Unit

Bivariate data
Correlation

Correlation coefficient (r)
Line of best fit
Scatterplot

Univariate data
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Prior Knowledge Required for this Unit

In earlier grades or Algebra 1 units, students have developed conceptual knowledge and have had the opportunity to learn how to:
® Describe numerical data sets in relation to their real-world context (6.DS.5).
e Investigate bivariate data (8.DSP.1).
e Draw an approximate line of best fit on a scatter plot that appears to have a linear association and informally assess the fit of the line to the
data points (8.DSP.2).
e Find an approximate equation for the line of best fit using two appropriate data points, interpret the slope and intercept, solve problems
using the equation (8.DSP.3).
Investigate bivariate categorical data in two-way tables, and interpret data in two-way tables using relative frequencies (8.DSP.4).
Apply concepts of slope and y-intercept to graphs, equations, and proportional relationships (8.EEI.6).
Investigate the differences between linear and nonlinear functions (8.F.3).
Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes using
appropriate labels, units, and scales. (Limit to linear; quadratic; exponential with integer exponents; direct and indirect variation.)
(A1.ACE.2*; Algebra 1 Units 1 - 4).
e Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal. (Limit to linear;
guadratic; exponential.) (A1.FIF.9%; Algebra 1 Units 2 — 5).
e Distinguish between situations that can be modeled with linear functions or exponential functions by recognizing situations in which one
guantity changes at a constant rate per unit interval as opposed to those in which a quantity changes by a constant percent rate per unit
interval (A1.FLQE.1%*; Algebra 1 Units 4 —5).
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Subsequent Knowledge Related to this Unit

e Algebra 1 Unit 6 interprets the parameters of a linear function in terms of a real-world context (A1.FLQE.5).
o Will extend to explore parameters of exponential functions in terms of a given context in subsequent high school courses (e.g.
Algebra 2 - A2.FLQE.5 or Intermediate Algebra - IA.FLQE.5).
e Algebra 1 Unit 6 analyzes bivariate categorical data using marginal, joint and conditional frequencies (A1.SPID.5%).
o Will build upon this knowledge of bivariate categorical data in subsequent high school courses to deepen understanding and broaden
applications (e.g. Probability and Statistics Unit 1 - PS.SPID.5*).
e Algebra 1 Unit 6 uses technology to create scatterplots, fit a function to the data and compute correlation coefficients of a linear fit
(A1.SPID.6*; A1.SPID.8%*).
o Will expand conceptual knowledge of regression and correlation coefficients (r) in subsequent high school courses to deepen
understanding and broaden applications (e.g. Probability and Statistics Unit 4 - PS.SPID.6*; PS.SPID.8*).
e Algebra 1 Unit 6 creates linear functions to graphically model data from a real-world problem and analyzes the meaning of the slope and
intercept(s) (A1.SPID.7%*).
o Will expand conceptual knowledge of applying linear models to represent real-world situations in subsequent high school courses to
deepen understanding and broaden applications (e.g. Probability and Statistics Unit 4 - PS.SPID.7%*).
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Relationship Among Standards in this Unit

Algebra 1 Unit 6 standards focus on data analysis themes of inferences, implications and predictions. This unit requires students to use single
variable statistics to make inferences and data in bivariate tables to make predictions and implications. Students review, connect, and apply
previously taught Algebra 1 standards involving linear, quadratic and exponential concepts to create regression equations. New learning
readdresses important linear concepts of slope and y-intercepts and the limits of a linear functions (A1.FLQE.5*) through connections to real-world
regression situations. Using appropriate technology, students will organize, analyze, and model bivariate data with tables, scatterplots, and
regression lines (lines of linear fit). This analysis of data and computed correlation coefficients (r values) enable students to explain the strength of
the correlation between a given set of data and line of linear fit (A1.SPID.6*; A1.SPID.7*; A1.SPID.8*).
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 6.

Lines of Fit and Regression (FA.FLQE.5*; FA.SPID.6*; FA.SPID.7*; FA.SPID.8*)

a. Utilize Technology To Create Scatterplots
Annenberg Learner: Scatterplots
MathBitsNotebook: Finding Your Way Around the TI-83/84 Calculator - Scatter Plots
Texas Instruments: Creating a Scatter Plot Using T1-83/84 Family
Glencoe: Graphing Calculator - Regression Lines
PurpleMath: Scatterplots and Regressions - Page 1
SlideShare: Calculating a Correlation Coefficient and Scatter Plot using Excel
Excel Easy: Excel Scatter Chart
LearnZillion: Fit a Linear Regression to a Set of Data using Spreadsheets and Graphing Technology
Math Is Fun: Scatter Plots
Khan Academy: Constructing a Scatter Plot
Khan Academy: Studying, Shoe Size, and Test Scores Scatter Plots
Khan Academy: People Smoking Less Over Time Scatter Plot
Khan Academy: Constructing Scatter Plot Exercise Example
Khan Academy: Constructing Scatter Plots
Math Planet: Scatter Plots and Linear Models
Bitesize: Interpreting Scatter Diagrams
NCTM llluminations: Exploring Linear Data
NCTM llluminations: Line of Best Fit tool

b. Select The Appropriate Model Of Best Fit And Use Technology To Create The Function Of Best Fit
Illustrative Mathematics: Basketball Bounces Collaborative Investigation
NCTM: Shrinking Candles, Running Water, Folding Boxes
MathBitsNotebook: Fitting Functions to Data
Khan Academy: Comparing Models to Fit Data
PurpleMath: Scatterplots and Regressions - Page 3
PurpleMath: Scatterplots and Regressions - Page 4
LearnZillion: Select a Statistical Regression Line
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http://www.learner.org/courses/againstallodds/unitpages/unit10.html
http://mathbits.com/MathBits/TISection/Statistics1/scatterplot.htm
https://epsstore.ti.com/OA_HTML/csksxvm.jsp?nSetId=100484
http://www.glencoe.com/sec/math/algebra/algebra1/algebra1_03/other_calculator_keystrokes/pdfs/alg103_ti82_pg306.pdf
http://www.purplemath.com/modules/scattreg.htm
http://www.slideshare.net/sandradnicks/calculating-a-correlation-coefficient-and-scatter-plot-using-excel
http://www.excel-easy.com/examples/scatter-chart.html
https://learnzillion.com/lesson_plans/71
https://www.mathsisfun.com/data/scatter-xy-plots.html
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/v/constructing-scatter-plot
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/v/scatter-plot-interpreting
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/v/trends-in-smoking-scatter-plot
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/v/constructing-scatter-plot-exercise-example
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/e/constructing-scatter-plots
http://www.mathplanet.com/education/algebra-1/formulating-linear-equations/scatter-plots-and-linear-models
http://www.bbc.co.uk/schools/gcsebitesize/maths/statistics/scatterdiagramsrev4.shtml
http://illuminations.nctm.org/Lesson.aspx?id=1189
http://illuminations.nctm.org/Lesson.aspx?id=1189
http://illuminations.nctm.org/Lesson.aspx?id=1189
http://illuminations.nctm.org/Activity.aspx?id=4186
https://www.illustrativemathematics.org/content-standards/tasks/1089
https://illuminations.nctm.org/Lesson.aspx?id=1211
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2FittingFunctions.html
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/v/comparing-models-to-fit-data
http://www.purplemath.com/modules/scattreg3.htm
http://www.purplemath.com/modules/scattreg4.htm
https://learnzillion.com/lesson_plans/7679
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LearnZillion: Model Real-World Bivariate Data By Using A Quadratic Regression Function
LearnZillion: Model Real-World Bivariate Data By Using An Exponential Regression Function
Khan Academy: Fitting Quadratic and Exponential Functions to Scatter Plots
MathBits: Quadratic Regression Model
MathBits: Exponential Regression Model
c. Use Technology To Compute The Correlation Coefficient (R) Of A Linear Fit: Use R To Determine Significance, Direction And Magnitude Of
The Fit
LearnZillion: Find Correlation Coefficient using Technology
University of North Carolina of Wilmington: Correlation and Line of Best Fit
EngageNY: Interpreting Correlation
MathBitsNotebook: Correlations
MathBitsNotebook: Correlation Coefficients
PurpleMath: Scatterplots and Regressions - Page 2
Math Is Fun: Correlation
Algebra 1 Lessons WCCUSD: Correlation and Line of Best Fit
Purplemath: Scatterplots and Regressions
Regents Prep: Scatter Plots and Correlation
d. Interpret The Meaning Of The Slope And Intercept(S) Of Real-World Linear Relationships
LearnZillion: Interpret the Slope and Intercept of a Regression Line
LearnZillion: Understand and Interpret the Slope of a Regression Line
NCTM: Exploring Linear Data
NCTM: Barbie Bungee
Annenberg Learner: Fitting Lines to Data
MathBitsNotebook: Slopes and Intercepts in Linear Models
LearnZillion: Solve Problems Using Linear Regression
Illustrative Mathematics: Hand Span and Height Collaborative Activity
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https://learnzillion.com/lesson_plans/646
https://learnzillion.com/lesson_plans/647
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/e/fitting-functions-to-scatter-plots
http://mathbits.com/MathBits/TISection/Statistics2/quadratic.html
http://mathbits.com/MathBits/TISection/Statistics2/exponential.htm
https://learnzillion.com/lesson_plans/4722
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/CorrelationLineBestFit.pdf
https://www.engageny.org/file/52171/download/algebra-i-m2-topic-d-lesson-19-teacher.pdf?token=ocSSvdV7WZFdreIplihHbhpELRB35wHsa7Ne3gJ-RR4
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2Correlations.html
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2CorrelationCoefficients.html
http://www.purplemath.com/modules/scattreg2.htm
https://www.mathsisfun.com/data/correlation.html
http://www.wccusd.net/Page/3224
http://www.purplemath.com/modules/scattreg.htm
http://www.regentsprep.org/regents/math/algebra/ad4/scatter.htm
https://learnzillion.com/lesson_plans/78
https://learnzillion.com/lesson_plans/7098
https://illuminations.nctm.org/Lesson.aspx?id=1189
https://illuminations.nctm.org/Lesson.aspx?id=2157
http://www.learner.org/courses/againstallodds/unitpages/unit11.html
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2Slope.html
https://learnzillion.com/lesson_plans/5291
https://www.illustrativemathematics.org/content-standards/SP/8/A/1/tasks/1097
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Resources

Dictionaries, Calculators, and Templates (Graphs, Graphic Organizers)
a. A Math Dictionary for Kids: Explicit Vocabulary Building

A Math Dictionary for Kids: Math Charts

Math Open Reference: Math Tools

Math Warehouse: Interactive Parabola

TeacherVision: Graphic Organizers

f. Web 2.0: Calculator

© oo o

Teaching Strategies
a. Creative Educator: Project-Based Learning
Creative Educator: Write a Great Authentic Task
Graphing Stories: Homepage
Illustrative Mathematics: Homepage
Math Vids: Authentic Contexts
Power Up What Works: Math Strategies that Work Research:
g. Problem-Based Workshop: Problem-Based Learning

I

Bivariate Data (A1.SPID.5%)
a. Khan Academy: Analyzing Trends in Categorical Data
b. Regents Exam Prep Center: Univariate and Bivariate Data

Lines of Fit and Regression (A1.FLQE.5*; A1.SPID.6*; A1.SPID.7*; A1.SPID.8%*)
a. llluminations: Correlation and the Regression Line
b. University of Nebraska —Omaha: Linear Regression
c. William Mueller, Ph. D.; Duke University: Linear Parameters

Function Lesson Modules, Teacher Notes, PowerPoints, Videos, Applets, and Activities
a. Creative Educator: Project-Based Learning

Georgia Department of Education: Georgia Performance Standards

Mathematics Assessment Project — Math Assessment Resource Service: Homepage

Problem-Based Learning: Problem-Based Learning

Shodor Interactivate: Regression Applet

f. Shodor Interactivate: Scatterplot Applet

coooT
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http://www.amathsdictionaryforkids.com/
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/site/terms.html
http://www.mathopenref.com/
http://www.mathopenref.com/
http://www.mathwarehouse.com/quadratic/parabola/interactive-parabola.php
http://h
http://h
http://web2.0calc.com/
http://web2.0calc.com/
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://graphingstories.com/
https://www.illustrativemathematics.org/
https://www.illustrativemathematics.org/
http://fcit.usf.edu/mathvids/strategies/ac.html
http://fcit.usf.edu/mathvids/strategies/ac.html
http://powerupwhatworks.org/resource/research-math-practices
http://powerupwhatworks.org/resource/research-math-practices
https://sites.google.com/site/prblworkshop/problem-based
https://sites.google.com/site/prblworkshop/problem-based
https://www.khanacademy.org/math/probability/statistical-studies/categorical-data/v/analyzing-trends-categorical-data
http://www.regentsprep.org/regents/math/algebra/ad1/unidat.htm
https://illuminations.nctm.org/Search.aspx?view=search&kw=regression&cc=2207
http://maps.unomaha.edu/maher/GEOL2300/week3/week3.html
http://wmueller.com/precalculus/families/1_10.html
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
https://www.georgiastandards.org/Frameworks/Pages/BrowseFrameworks/math9-12.aspx
https://www.georgiastandards.org/Frameworks/Pages/BrowseFrameworks/math9-12.aspx
http://map.mathshell.org/
http://map.mathshell.org/
https://sites.google.com/site/prblworkshop/problem-based
http://www.shodor.org/interactivate/activities/Regression/
http://www.shodor.org/interactivate/activities/ScatterPlot/
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g. Virtual Nerd: Algebra Skills Videos

Using the TI-83 or TI-84
a. MathBits: Scatterplots
b. MathBits: Line of Best Fit
c. MathBootCamps: Find the Correlation Coefficient
d. Texas Instruments: Calculating and Graphing Linear Regressions
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http://www.virtualnerd.com/algebra-1/all
http://www.virtualnerd.com/algebra-1/all
http://mathbits.com/MathBits/TISection/Statistics1/scatterplot.htm
http://mathbits.com/MathBits/TISection/Statistics1/LineFit.htm
http://www.mathbootcamps.com/find-the-correlation-coefficient-r-on-your-calculator-ti83-84/
https://epsstore.ti.com/OA_HTML/csksxvm.jsp;jsessionid=a379c2f00e6d57d7f864fb54f46244cbd6c37f9892b31387be622642ec991037.e34TbNuKax4RaO0Mah0LaxaTchqOe0?jfn=ZG79C8E0546639869949D79EB0E5124522AA927CC3E5F0872A544E8776BA4EA1E2B364D98123D87BE3163B75C160F27ECB9A&lepopus=sdriRbhsgpZSAlQu9y2HqTX8y3&lepopus_pses=ZG04060CB7B31477625061DC981A68850E522A9141ACC849A1B3A63584497C63006AE5FA417FB3BE6D4AAAC30CBE0EE3D885DFC052EACC63AE&oas=bIe7-jmkQzoN0sqmI-sxgQ..&nSetId=128639&nBrowseCategoryId=14206&cskViewSolSourcePage=cskmbasicsrch.jsp%3FcategoryId%3D14206%26fRange%3Dnull%26fStartRow%3D0%26fSortBy%3D2%26fSortByOrder%3D1
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Sample Formative Assessment Tasks/Questions

Bivariate Data (FA.SPID.5%)
a. lllustrative Mathematics: Birds’ Eggs Performance Task
b. Illustrative Mathematics: Texting and Grades 1 Performance Task
c. MathBitsNotebook: Practice Two-Way Frequency Tables
d. Khan Academy: Trends in Categorical Data

Lines of Fit and Regression (FA.FLQE.5*; FA.SPID.6*; FA.SPID.7*; FA.SPID.8%*)
a. Khan Academy: Constructing Scatter Plots
MathBitsNotebook: Practice Fitting Functions to Data
Khan Academy: Fitting Quadratic and Exponential Functions to Scatter Plots
MathBitsNotebook: Practice Linear Regression
IXL: Interpreting a Scatter Plot
IXL: Calculate Correlation Coefficients
MathBitsNotebook: Practice with Correlations
Mathopolis: Correlation Practice Set
IXL: Match Correlation Coefficients to Scatter Plot
School Improvement in Maryland: Correlation Coefficient Performance Activity
MathBitsNotebook: Practice Slope and Intercepts with Linear Regressions
Khan Academy: Eyeballing the line of Best Fit
. IXL: Scatter Plots - Line of Best Fit
Khan Academy: Estimating Slope of Line of Best Fit
[llustrative Mathematics: US Airports Assessment Variation Performance Task
[llustrative Mathematics: Animal Brains Performance Task
National Security Agency (nsa.gov): What is a Scatter Plot Saying?
Radford.edu: Connecing Scatter Plots and Correlation Coefficients Activity
ENet Learning (enetlearning.org): Scatter Plots and Lines of Best Fit Worksheet
National Security Agency (nsa.gov): Line of Best Fit
Denise Kapler: Line of Best Fit Worksheet
Kamehameha Schools (blogs.ksbe.edu): Line of Best Fit
Queen Anne High School (maths.qahs.org.uk): Scattergraphs

Sm 0 o0 o
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https://www.illustrativemathematics.org/content-standards/SP/8/A/1/tasks/41
https://www.illustrativemathematics.org/content-standards/SP/8/A/1/tasks/975
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2TwoWayPractice.html
https://www.khanacademy.org/math/probability/statistical-studies/categorical-data/e/trends-in-categorical-data
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/e/constructing-scatter-plots
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2FittingPractice.html
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/e/fitting-functions-to-scatter-plots
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2LinRegPractice.html
https://www.ixl.com/math/algebra-1/interpret-a-scatter-plot
https://www.ixl.com/math/precalculus/calculate-correlation-coefficients
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2CorrelationPractice.html
http://www.mathopolis.com/questions/q.php?id=3072&site=1&ref=/data/correlation.html&qs=3072_3776_8757_8758_8759_8760_3080_3081_3810_3811
https://www.ixl.com/math/precalculus/match-correlation-coefficients-to-scatter-plots
http://mdk12.msde.maryland.gov/share/ccsc/uos/resources/math/hsAlgebraI_Unit_3/A1_U3_LP_Introduction_to_the_Correlation_Coefficient_and_Its_Propoperties.docx
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2SlopePractice.html
https://www.khanacademy.org/math/probability/regression/regression-correlation/e/plotting_the_line_of_best_fit
https://www.ixl.com/math/algebra-1/scatter-plots-line-of-best-fit
https://www.khanacademy.org/math/probability/regression/regression-correlation/e/linear-models-of-bivariate-data
https://www.illustrativemathematics.org/content-standards/SP/8/A/3/tasks/1370
https://www.illustrativemathematics.org/content-standards/SP/8/A/3/tasks/1370
https://www.illustrativemathematics.org/content-standards/SP/8/A/1/tasks/1520
https://www.nsa.gov/academia/_files/collected_learning/middle_school/interdisciplinary/scatter_plot.pdf
http://www.radford.edu/rumath-smpdc/Performance/src/Amy%20Corns%20-%20Connecting%20Scatter%20Plots%20and%20Correlation%20Coefficients%20Activity.pdf
http://www.enetlearning.org/wp-content/uploads/2015/01/line-of-best-fit.pdf
https://www.nsa.gov/academia/_files/collected_learning/high_school/algebra/line_of_best_fit.pdf
http://www.denisekapler.com/files/2513/9331/2017/Scatter_Plots_and_Lines_of_Best_Fit_Worksheet__C.pdf
http://blogs.ksbe.edu/karickar/files/2011/09/Line-of-Best-Fit-Practice.pdf
http://maths.qahs.org.uk/files/2014/05/Scattergraphs.pdf
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x. Math Worksheets Land (www.mathworksheetsland.com): Scatter Plots and Line of Best Fit - Worksheet 1
y. North Seattle Community College (facweb.northseattle.edu): Line of Best Fit Classwork
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http://www.mathworksheetsland.com/8/grade8-29-5pack.pdf
https://facweb.northseattle.edu/lchase/Linear%20Regression%20Worksheet
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Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6
Relationships Between | Reasoning with Linear Modeling and Modeling and .
. : . . : . Comparing and -
Quantities and Equations and Analyzing Quadratic Analyzing Exponential ) ) Describing Data
) . . ; Contrasting Functions
Expressions Inegualities Functions Functions
Standards Standards Standards Standards Standards Standards
FA.NRNS.1* FA.ACE.2* FA.NRNS.1* FA.FLQE.1* FA.FLQE.1* FA.FLQE.5*
FA.NRNS.2* FA.AREI.3 FA.ACE.1* FA.ACE.1* FA.FLQE.1a FA.SPID.5*
FA.NRNS.3 FA.AREI.5 FA.ACE.2* FA.ACE.2* FA.FLQE.3* FA.SPID.6*
FA.NQ.1* FA.AREI.6* FA.ACE.4* FA.FBF.3* FA.FLQE.5* FA.SPID.7*
FA.NQ.2* FA.AREI.6a FA.AREI.1* FA.FIF.1a FA.FBF.3* FA.SPID.8*
FA.NQ.3* FA.AREI.6b FA.FBF.3* FA.FIF.1b FA.FIF.1* FA.SPMJ.1*
FA.ASE.1* FA.AREI.10* FA.FIF.1* FA.FIF.1c FA.FIF.1a FA.SPMJ.2*
FA.ACE.1* FA.AREI.11* FA.FIF.1a FA.FIF.2* FA.FIF.1b FA.SPMD.4*
FA.ACE.2* FA.AREI.12* FA.FIF.1b FA.FIF.4* FA.FIF.1c FA.SPMD.5*
FA.ACE.4* FA.FIF.1* FA.FIF.1c FA.FIF.5* FA.FIF.2* FA.SPMD.6*
FA.AREI.1* FA.FIF.1a FA.FIF.2* FA.FIF.7* FA.FIF.4*
FA.AREI.3* FA.FIF.1b FA.FIF.4* FA.FIF.8* FA.FIF.5*
FA.AREI.10* FA.FIF.1c FA.FIF.5* FA.FIF.7*
FA.FIF.2* FA.FIF.7* FA.FIF.9*
FA.FIF.4* FA.FIF.8*
FA.FIF.5* FA.FIF.8a
FA.FIF.7* FA.FIF.9*
FA.FIF.8*
FA.FIF.9*
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Mathematical Process Standards: The South Carolina College- and Career-Ready (SCCCR) Mathematical Process Standards demonstrate the ways
in which students develop conceptual understanding of mathematical content and apply mathematical skills. As a result, the SCCCR Mathematical
Process Standards should be integrated within the SCCCR Content Standards for Mathematics for each grade level and course. Since the process
standards drive the pedagogical component of teaching and serve as the means by which students should demonstrate understanding of the
content standards, the process standards must be incorporated as an integral part of overall student expectations when assessing content

understanding.

1. Make sense of problems and persevere in solving them. 5. Use a variety of mathematical tools effectively and strategically.
a. Relate a problem to prior knowledge. a. Select and use appropriate tools when solving a mathematical problem.
b.  Recognize there may be multiple entry points to a problem and more than one b. Use technological tools and other external mathematical resources to explore and
path to a solution. deepen understanding of concepts.
c. Analyze what is given, what is not given, what is being asked, and what strategies
are needed, and make an initial attempt to solve a problem.
d. Evaluate the success of an approach to solve a problem and refine it if necessary.
2. Reason both contextually and abstractly. 6. Communicate mathematically and approach mathematical situations with precision.
a. Make sense of quantities and their relationships in mathematical and real-world a. Express numerical answers with the degree of precision appropriate for the
situations. context of a situation.
b. Describe a given situation using multiple mathematical representations. b. Represent numbers in an appropriate form according to the context of the
Translate among multiple mathematical representations and compare the situation.
meanings each representation conveys about the situation. c. Use appropriate and precise mathematical language.
d. Connect the meaning of mathematical operations to the context of a given d. Use appropriate units, scales, and labels.
situation.
3. Use critical thinking skills to justify mathematical reasoning and critique the reasoning of 7. Identify and utilize structure and patterns.

others.
a. Construct and justify a solution to a problem.
b. Compare and discuss the validity of various reasoning strategies.
c.  Make conjectures and explore their validity.
d. Reflect on and provide thoughtful responses to the reasoning of others.

a. Recognize complex mathematical objects as being composed of more than one
simple object.

b. Recognize mathematical repetition in order to make generalizations.

c. Look for structures to interpret meaning and develop solution strategies.

4. Connect mathematical ideas and real-world situations through modeling.
a. ldentify relevant quantities and develop a model to describe their relationships.
b. Interpret mathematical models in the context of the situation.
c. Make assumptions and estimates to simplify complicated situations.
d. Evaluate the reasonableness of a model and refine if necessary.
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Foundations in Algebra Unit 1 Title

Relationships Between Quantities and Expressions

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes

e FA.NRNS.1* Rewrite expressions involving simple radicals and rational exponents in different forms.
o Apply properties of exponents to write equivalent expressions that include simple radicals (e.g., square roots and cube roots) and
integer exponents.
O Expand properties of exponents to write equivalent expressions that include rational exponents.
e FA.NRNS.2* Use the definition of the meaning of rational exponents to translate between rational exponent and radical forms.
o Convert expressions with fractional exponents to equivalent radical forms and vice-versa.
e FA.NRNS.3 Explain why the sum or product of rational numbers is rational; that the sum of a rational number and an irrational number is
irrational; and that the product of a nonzero rational number and an irrational number is irrational.
O Use the property of set closure to include rational and irrational numbers under addition and multiplication.
e FA.NQ.1* Use units of measurement to guide the solution of multi-step tasks. Choose and interpret appropriate labels, units, and scales
when constructing graphs and other data displays.
o Convert units of measure, as appropriate (e.g., using like units to compare or combine lengths), to solve multi-step performance
tasks.
o Apply dimensional analysis to convert units of measure.
O Analyze the context of problems to determine the appropriate unit(s) of measure.
o Select and interpret appropriate units of measure when solving real-world contexts involving formulas.
e FA.NQ.2* Label and define appropriate quantities in descriptive modeling contexts.
o Identify the variables or quantities from data displayed in a given model (e.g., text, graph, picture, or algebraic formula)
o Select the appropriate unit of measure for variables or quantities presented in a given model.
e FA.NQ.3* Choose a level of accuracy appropriate to limitations on measurement when reporting quantities in context.
O Report solutions to problems with the appropriate level of accuracy, and with precision if necessary, for the unit of measure given in
the context of the problem and/or the measuring tool used.

® FA.ASE.1* Interpret the meanings of coefficients, factors, terms, and expressions based on their real-world contexts. Interpret complicated
expressions as being composed of simpler expressions.
O Limit to linear expressions for Unit 1; expand to quadratic in Foundations in Algebra Unit 3 and exponential in Unit 4.
O Rational functions are taught in Intermediate Algebra Unit 5.
O Recognize that an algebraic expression can be composed of multiple terms and represent unknown real number value(s).
o Simplify or factor complicated expressions by combining like terms or extracting the Greatest Common Monomial (factor) to show
equivalent expressions (e.g., is equivalent to ).
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e FA.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving linear, quadratic, simple
rational, and exponential relationships. Interpret the solutions and determine whether they are reasonable.
O Limitto linearin Unit 1
Expand to quadratic in Foundations in Algebra Unit 3 and exponential in Unit 4.
Rational functions are taught in Intermediate Algebra Unit 5.
Use real-world contexts to generate and solve equations and inequalities in one variable.
Analyze solutions for their meaning and rationale within the given context.
O Interpreting solutions includes solutions graphed on a number line.
e FA.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales.
o Limit to linear and introduce the terms direct variation and indirect variation in Unit 1.
O Expand to quadratic in Foundations in Algebra Unit 3 and exponential in Unit 4.
O Rational functions are not taught in Foundations in Algebra; they are introduced late in the Intermediate Algebra (unit 5) course and
extended in Algebra 2.
o Understand that linear equations define the relationship between two variables.
O Generate and graph equations to represent the relationship between two variables.
o Use appropriate labels, units, and scales to represent the relationship of two variables in a given real-world context.
e FA.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.

o Apply the properties and operations of real numbers to solve for a specified variable (e.g., solve a linear equation in standard form
and for y; and include other formulas from a variety of disciplines).
e FA.AREIL.1* Understand and justify that the steps taken when solving simple equations in one variable create new equations that have the
same solution as the original.
o State the property or operation being applied that explains why each step of solving an equation generates an equivalent equation.
o Verify by substitution that the variable’s solution in the last step solves the equation for the given problem.
e FA.AREL3* Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters.
o Apply the properties and operations of real numbers to equations and inequalities to solve for a specified variable (e.g., solve for x in
ax + by = ¢; solve the slope-intercept equation y = mx + b for b; solve y = mx + b for m).
e FA.AREIL10* Explain that the graph of an equation in two variables is the set of all its solutions plotted in the coordinate plane.
O Use algebraic and graphical formats to justify that the set of solutions is a one-to-one relationship, which can be graphed with
ordered pairs (i.e., domain, range).

O O OO
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New Academic Vocabulary for This Unit

Compound Inequalities (notation only)
Direct Variation

Index (Root)

Indirect Variation

Polynomial

Radical

Radicand

Rational Exponents
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Prior Knowledge Required for this Unit

In earlier grades, students have developed conceptual knowledge and have had the opportunity to learn how to:

Understand and apply the constant of proportionality (7.RP.2).

Determine and apply the constant rate of change (8.F.3; 8.F.4).

Understand the relationship between independent and dependent variables (6.EEI.9; 8.F.1).

Be able to evaluate square and cubic roots, and recognize perfect and non-perfect squares as rational and irrational correspondingly
(8.EEIL.2).

Transform and apply the Pythagorean Theorem particularly as it relates to rational and irrational squares (8.EEI.2a, b, and d).

Understand fundamental concepts of functions, including one-to-one relationships, particularly as communicated as domain to range within
ordered pairs (8.F.1).

Understand and apply the properties of exponents (8.EEI.1).

Graph the solution of one variable inequality on the number line (7.EEl.4c).

Understand that slope is a rate of change from one quantity in relation to another quantity within real world and mathematical situations
(8.EEL.5Db).

Understand the critical attributes of linear and nonlinear functions (8.F.3).

Represent linear functions, particularly in the form of through table, equation, and graphical form, and identify value and meanings of
slope/rate and y-intercept/initial value as found within real-world and mathematical situations (8.F.3, 8.F.4, 8.F.5, 8.EEEI.6).

Solve for a single variable in a multiple variable equation and inequalities in real-world and mathematical situations (8.EEEIl.7a and d).
Generate and graph linear equations (8.F.1c and e; 8.F.4b; 8.F.5).

Understand and apply the properties of operations, equality, and inequality (7.EEl.4a. 7.EEIl.4b, 7.EEl.4c, 7.EEl.4d).
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Subsequent Knowledge Related to this Unit

® Foundations in Algebra Unit 1 develops one- and two-variable linear equation concepts (FA.ASE.1*; FA.ASE.2*). The course will:
o Apply and expand to include quadratic (Foundations in Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions) and
exponential equations (Foundations in Algebra 1 Unit 4: Modeling and Analyzing Exponential Functions).
o Recognize an early form of factoring as to identify and extract the greatest common numeric or algebraic term, such as 2x + 4y can
be represented as 2(x+2y) (FA. ACE.4*; FA.ASE.1*; FA.ASE.2*)
o Extend to factor and simplify polynomials, specifically quadratics (Foundations in Algebra Unit 3: Modeling and Analyzing Quadratic
Functions).
o Simplify or factor complicated expressions by combining like terms or extracting the Greatest Common Monomial (factor) to show
equivalent expressions (FA.ASE.1%).
o Apply primarily to common monomial factoring (Foundations in Algebra Unit 3: Modeling and Analyzing Quadratic Functions).
e Foundations in Algebra 1 Unit 1 graphs one-variable inequalities on a number-line (FA.FIF.5*). The course will:
o Extend as a possible means to express the domain and range in compound inequality notation in future units.
o Compare functions’ graphical, symbolic, or tabular forms (FA.NQ.2*; FA.AREI.10*).
o Use the application of the functions’ graphical, symbolic, or tabular form, particularly to measure the average rate of change
(FA.FIF.6* in Foundations in Algebra 1 Units 2, 3, 4, and 5).
e Foundations in Algebra 1 Unit 1 introduces direct and indirect variation in linear applications (FA.ACE.2*). The course will:
o Expand the study of linear relationships (Intermediate Algebra Unit 2: Reasoning with Linear Equations and Inequalities).
e Foundations in Algebra 1 Unit 1 simplifies radicals and rationalizes denominators involving square roots and extending to cube roots as
appropriate (FA.NRNS.1*). The course will:
o Apply simplifying and solving literal equations, and rationalizing will be applied in subsequent course of Geometry, such as
applications with triangles (Geometry Unit 5: Right Triangles and Trigonometry).
e Foundationsin Algebra 1 Unit 1 defines, rewrites and explores the relationship between rational exponents and simple radicals, and the
relationship of irrational numbers as subset of the entire real number systems (FA.NRNS.1*; FA.NRNS.2*; FA.NRNS.3*). The course will:
o Develop skills found within finding square roots, completing the square, applying the quadratic formula and factoring of quadratic
functions using other methods (Foundations in Algebra Unit 3: Modeling and Analyzing Quadratic Functions).
e Foundations in Algebra 1 Unit 1 rewrites and simplifies simple radicals (FA.NRNS.1*). The course will:
o Extend, such as simplifying square roots and rationalizing a denominator (Foundations in Algebra Unit 3: Modeling and Analyzing
Quadratic Functions).
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Foundations in Algebra 1 Unit 1 develops fluency in variable manipulation (FA.ACE.4*). The course will:

o Solve for specified variables and substitute equivalent algebraic value(s) to rewrite functions of linear equations (Unit 2; Reasoning
with Linear Equations and Inequalities) and quadratic functions (Foundations in Algebra Unit 3: Modeling and Analyzing Quadratic
Functions) and to compare such functions (Foundations in Algebra 1 Unit 5: Comparing and Contrasting Functions).

Foundations in Algebra 1 Unit 1 writes equations of linear functions with two variables (FA.ACE.2*). The course will:

o Extend the point-slope form and its various applications (Unit 2: Reasoning with Linear Equations and Inequalities);

o Expand to quadratics (Foundations in Algebra Unit 3: Modeling and Analyzing Quadratic Functions) and exponential functions (Unit 4:
Modeling and Analyzing Exponential Functions).

Foundations in Algebra 1 Unit 1 develops fluency of polynomial operations and foundational knowledge of algebraic terms and polynomial
expressions (FA.AAPR.1*). The course will:

o Promote linear applications (Foundations in Algebra Unit 2: Reasoning with Linear Equations and Inequalities), quadratic applications
and factoring (Foundations in Algebra Unit 3: Modeling and Analyzing Quadratic Functions), and other functions in units to follow.

Foundations in Algebra 1 Unit 1 develops understanding of functions in two variables and the variables’ relationship expressed in table,
equation and graphical forms (FA.AREI.10*). The course will:

o Connect linear functions (Foundations in Algebra Unit 2: Reasoning with Linear Equations and Inequalities), quadratic functions
(Foundations in Algebra Unit 3: Modeling and Analyzing Quadratic Functions), and exponential functions (Foundations in Algebra
Unit 4: Modeling and Analyzing Exponential Functions) as students begin to use function notation.

Foundations in Algebra 1 Unit 1 (and Grade 8) limits the algebraic form of a linear function to y = mx + b. The course will:

o Apply function notation in subsequent units and courses.
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Relationship Among Standards in this Unit

The standards in Unit 1 provide the foundational knowledge for concepts developed in Foundations in Algebra in subsequent units. Students will
interpret the structure of expressions, equations, and inequalities involving one or more variables and solve problems related to unit analysis.
Students will construct meaning about the relationships among variables, including direct and indirect variations, through real-world contexts and
through algebraic, verbal, graphic, and tabular models. Tasks will progress from simple equations and inequalities to complex equations in two or
more variables. Real-world contexts, relevant to STEM-related or other career fields, will engage students in mathematical practices while applying
properties and performing operations with quantities involving given units of measure. Measurement units in these contexts may necessitate a
conversion, which will require students to attend to precision and accuracy. Students will write, graph, and solve linear equations or inequalities to
represent the relationship between independent and dependent variables. Graphing relationships will require students to use appropriate labels,
units, and scales on the axes. They will employ logic and reasoning to interpret and explain the meaning of a solution or a set of solutions. From
solving linear equations or inequalities in one-variable to rewriting or solving a formula involving two or more variables, students will fluently solve
for given variables. Investigation of compound inequalities (written, symbolic, and number line graphing) will empower students to express domain
and range using compound inequality notation. The properties of rational and irrational numbers and operations with polynomials are included as a
preparation for working with quadratic functions later in the Intermediate Algebra course. Students will simplify radicals and rationalize
denominators involving square roots and extend to cube roots as appropriate.
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Possible Instructional Strategies/Lessons

The order of the topics below illustrates a possible instructional order for Unit 1.

Exponent Foundations (FA.NRNS.1*; FA.NRNS.2*; FA1.NRNS.3)
a. Basic Exponent Properties Review
Khan Academy: Basic Exponent Properties Review
Algebra 1 Lessons WCCUSD: Zero and Negative Exponents
Algebra 1 Lessons WCCUSD: Quotient of Powers
b. Relationship Between Rational Exponents and Simple Radicals
Algebra 1 Lessons WCCUSD: Fractional Exponents
Khan Academy: Rational and Irrational
Math Practices: Rational and Irrational
MathBitsNotebook: Exponents
PurpleMath: Relationship Note
[llustrative Mathematics: Evaluating Exponential Expressions
Algebra 1 Lessons WCCUSD: Square and Square Roots
Algebra 1 Lessons WCCUSD: Roots and Fractional Exponents
c. Simplifying Radicals and Rationalizing Denominators
Algebra 1 Lessons WCCUSD: Simplifying Radicals - Day 1
Khan Academy: Rationalizing a Denominator Video
Math Open Reference: Simplifying Radicals
MathBitsNotebook: Simplifying and Rationalizing Denominators

NRICH: Tilted Squares
Virtual Nerd: Simplifying with Square Roots

Understanding and Representing Quantity (FA.NQ.1%; FA.NQ.2*; FA.NQ.3)
a. Understand the Appropriateness of Unit Size in a Real-World Context

The Scale of Universe: Scale of Universe
Alysion: Dimensional Analysis Notes and Summary.
b. Unit Conversion Analysis
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https://www.khanacademy.org/math/pre-algebra/exponents-radicals/exponent-properties
https://www.khanacademy.org/math/pre-algebra/exponents-radicals/exponent-properties
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
https://www.khanacademy.org/math/algebra/rational-and-irrational-numbers/rational-and-irrational-expressions/v/proof-that-sum-of-rational-and-irrational-is-irrational
https://www.khanacademy.org/math/algebra/rational-and-irrational-numbers/rational-and-irrational-expressions/v/proof-that-sum-of-rational-and-irrational-is-irrational
http://mathpractices.edc.org/content/sum-rational-and-irrational-irrational
http://mathpractices.edc.org/content/sum-rational-and-irrational-irrational
http://mathbitsnotebook.com/Algebra1/Exponents/EXFractional.html
http://mathbitsnotebook.com/Algebra1/Exponents/EXFractional.html
http://www.purplemath.com/modules/exponent5.htm
http://www.purplemath.com/modules/exponent5.htm
https://www.illustrativemathematics.org/content-standards/tasks/1866
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
https://www.khanacademy.org/math/algebra/exponent-equations/simplifying-radical-expressions/v/how-to-rationalize-a-denominator
https://www.khanacademy.org/math/algebra/exponent-equations/simplifying-radical-expressions/v/how-to-rationalize-a-denominator
http://mathbitsnotebook.com/Algebra1/Radicals/RADSimplifyingRadicals.html
http://mathbitsnotebook.com/Algebra1/Radicals/RADSimplifyingRadicals.html
http://mathbitsnotebook.com/Algebra1/Radicals/RADSimplifyingRadicals.html
http://mathbitsnotebook.com/Algebra1/Radicals/RADSimplifyingRadicals.html
http://nrich.maths.org/2293
http://nrich.maths.org/2293
http://www.virtualnerd.com/tutorials/?id=Alg1_13_01_0003
http://www.virtualnerd.com/tutorials/?id=Alg1_13_01_0003
http://scaleofuniverse.com/
http://scaleofuniverse.com/
http://www.alysion.org/dimensional/fun.htm
http://www.alysion.org/dimensional/fun.htm
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Virginia: Choosing Appropriate Unit of Measurement

Interpret the Meanings of Expressions (FA.ASE.1%*)
a. Interpreting Expressions
Mathematics Assessment Project — Mathematics Assessment Resource Service: Interpreting Algebraic Expressions: Online Lesson Plan
b. Translation of Expressions
MathBitsNotebook: Expression Translation
MathBitsNotebook: Expression Practice
c. Evaluation of Expressions
Mathematics Assessment Project — Mathematics Assessment Resource Service: Classroom Challenges (Formative Assessment Lessons)
Mathematics Assessment Project — Mathematics Assessment Resource Service: Guide for Teachers and Administrators
MathBitsNotebook: Expression Evaluation
Khan Academy: Expression Evaluation
Virtual Nerd: Variable Substitution

Creating and Solving Equations (FA.ACE.1*; FA.ACE.2*; FA.ACE.4*; FA.AREI.1*; FA.AREI.3*)

a. Direct and Indirect Variation Discussion
Cliffs Notes Notebook: Direct and Inverse Variation Notes and Practice Quiz
Virtual Nerd: Video Discussion on Direct Variation and How to Write an Equation in a Problem Situation
Khan Academy: Video Discussion on Direct and Inverse Variation

b. Solving One-Variable Equations
Georgia Standards of Excellence Frameworks GSE Foundations of Algebra Module 4: Equations & Inequalities
Algebra 1 Lessons WCCUSD: Equations - Multiple Representations and What We Know
Algebra 1 Lessons WCCUSD: Solving Equations using Balance Scale, Decomposition and Graphing
MathBitsNotebook: Solving Multi-Step Equations
MathBitsNotebook: Solving Multi-Step Equations: Practice
Virtual Nerd: Solving Multi-Step Equations: With Distributive Property
Virtual Nerd: Solving Multi-Step Equations: Clearing Fractions
Virtual Nerd: Solving Multi-Step Equations: With No Solution
Virtual Nerd: Solving Multi-Step Equations: Word Problem
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http://www.doe.virginia.gov/instruction/mathematics/middle/algebra_readiness/curriculum_companion/units.pdf
http://www.doe.virginia.gov/instruction/mathematics/middle/algebra_readiness/curriculum_companion/units.pdf
http://map.mathshell.org/lessons.php?unit=9225&collection=8
http://map.mathshell.org/lessons.php?unit=9225&collection=8
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEtranslations.html
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEtranslations.html
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEequationPractice.html
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEequationPractice.html
http://map.mathshell.org/background.php
http://map.mathshell.org/guides/map_cc_teacher_guide.pdf
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEevaluating.html
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEevaluating.html
https://www.khanacademy.org/math/algebra/introduction-to-algebra/variable-and-expressions/v/variables-and-expressions-1
https://www.khanacademy.org/math/algebra/introduction-to-algebra/variable-and-expressions/v/variables-and-expressions-1
http://www.virtualnerd.com/algebra-1/algebra-foundations/variables-expressions/algebraic-expressions/plugging-variables-into-expressions
http://www.virtualnerd.com/algebra-1/algebra-foundations/variables-expressions/algebraic-expressions/plugging-variables-into-expressions
http://www.cliffsnotes.com/math/algebra/algebra-i/functions-and-variations/variations
http://www.cliffsnotes.com/math/algebra/algebra-i/functions-and-variations/variations
http://www.cliffsnotes.com/math/algebra/algebra-i/functions-and-variations/quiz-variations
http://www.cliffsnotes.com/math/algebra/algebra-i/functions-and-variations/quiz-variations
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/direct-variation/direct-variation-examples/find-direct-variation
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/direct-variation/direct-variation-examples/find-direct-variation
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/direct-variation/direct-variation-examples/direct-variation-equation-word-problem
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/direct-variation/direct-variation-examples/direct-variation-equation-word-problem
https://www.khanacademy.org/math/algebra2/rational-expressions/direct_inverse_variation/v/direct-and-inverse-variation
https://www.khanacademy.org/math/algebra2/rational-expressions/direct_inverse_variation/v/direct-and-inverse-variation
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEsolveequations.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEsolveequations.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEPracEquations.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEPracEquations.html
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/variables-both-sides-solution/variables-grouping-symbols-both-sides
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/variables-both-sides-solution/variables-grouping-symbols-both-sides
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/variables-both-sides-solution/variables-and-fraction-both-sides-example
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/variables-both-sides-solution/variables-and-fraction-both-sides-example
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/identity-and-no-solution-equations/no-solution-equation-example
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/identity-and-no-solution-equations/no-solution-equation-example
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/variables-both-sides-solution/word-problem-solve-equation-variables-both-sides
http://www.virtualnerd.com/algebra-1/linear-equations-solve/variables-both-sides-equations/variables-both-sides-solution/word-problem-solve-equation-variables-both-sides
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Khan Academy: Solving Multi-Step Equations: Intuition Exercise
Khan Academy: Exercise Activity
c. Analyzing Multi-Step Equations
Mathematics Assessment Project — Mathematics Assessment Resource Service: Building and Solving Complex Equations: Online Lesson Plan
Algebra 1 Lessons WCCUSD: Simplifying Expressions & Solving Equations with Two Column Proofs
Algebra 1 Lessons WCCUSD: Solving and Equations with Variables on Both Sides
d. Building and Solving Complex Equations
e. Linear Rates
EngageNY: Linear Rates
Mathematics Assessment Project — Mathematics Assessment Resource Service: Building and Solving Linear Equations: Online Lesson Plan
f. Solving Literal Equations
MathBitsNotebook: Solving Literal Equations
MathBitsNotebook: Solving Literal Equations: Practice Problems
Virtual Nerd: What is a Literal Equation
Virtual Nerd: Solving Literal Equations
Algebra 1 Lessons WCCUSD: Solving and Using Literal Equations
Khan Academy: Solving Literal Equations
Khan Academy: Solving Literal Equations: Practice
Khan Academy: Celsius and Fahrenheit

Solving, Interpreting, and Graphing Inequalities in One-Variable (FA.ACE.1*; FA.AREI.3*)
a. Inequality Concepts
Algebra 1 Lessons WCCUSD: Solving Inequalities
MathBitsNotebook: MathBitsNotebook: Basic Inequalities Information
MathBitsNotebook: MathBitsNotebook: Compound Inequalities
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https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/why-of-algebra/v/one-step-equation-intuition-exercise-intro
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/why-of-algebra/v/one-step-equation-intuition-exercise-intro
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/why-of-algebra/e/one_step_equation_intuition
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/why-of-algebra/e/one_step_equation_intuition
http://map.mathshell.org/lessons.php?unit=9215&collection=8
http://map.mathshell.org/lessons.php?unit=9215&collection=8
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
https://www.engageny.org/resource/algebra-i-module-1-topic-d-lesson-25
http://map.mathshell.org/lessons.php?unit=8245&collection=8
http://map.mathshell.org/lessons.php?unit=8245&collection=8
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEliteral.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEliteral.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://www.virtualnerd.com/algebra-1/linear-equations-solve/isolate-variables-formulas-examples/isolate-variable/literal-equation-definition
http://www.virtualnerd.com/algebra-1/linear-equations-solve/isolate-variables-formulas-examples/isolate-variable/literal-equation-definition
http://www.virtualnerd.com/algebra-1/linear-equations-solve/isolate-variables-formulas-examples/isolate-variable/isolate-variables-in-terms-of-variables
http://www.virtualnerd.com/algebra-1/linear-equations-solve/isolate-variables-formulas-examples/isolate-variable/isolate-variables-in-terms-of-variables
http://www.wccusd.net/Page/3224
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/v/solving-for-a-variable
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/v/solving-for-a-variable
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/e/solving_for_a_variable
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/e/solving_for_a_variable
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/v/solving-for-a-variable-2
https://www.khanacademy.org/math/algebra/solving-linear-equations-and-inequalities/solving_for_variable/v/solving-for-a-variable-2
http://www.wccusd.net/Page/3224
http://mathbitsnotebook.com/Algebra1/Inequalities/IQRefresh.html
http://mathbitsnotebook.com/Algebra1/Inequalities/IQRefresh.html
http://mathbitsnotebook.com/Algebra1/Inequalities/IQcompound.html
http://mathbitsnotebook.com/Algebra1/Inequalities/IQcompound.html
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b. Solving One-Variable Inequalities
MathBitsNotebook: Solving One-Variable Inequalities
MathBitsNotebook: Solving One-Variable Inequalities Practice
Virtual Nerd: Solving One-Variable Inequalities: Two Steps
Virtual Nerd: Solving One-Variable Inequalities: Multiple Steps
Algebra 1 Lessons WCCUSD: Solving Inequalities
Algebra 1 Lessons WCCUSD: Graphing Linear Inequalities Sort
c. Inequality Applications
MathBitsNotebook: Inequalities Word Problem: Practice

Graphing Linear Equations (FA.ACE.2*; FA.AREI.10%*)

a. Linear Equations
Virtual Nerd: What Is A Linear Equation?

b. Table Method
Virtual Nerd: Graphing Table Method
MathBitsNotebook: Graphing Linear Equations Using Table Method

c. Slope-Intercept Method
Virtual Nerd: Graphing By Slope-Intercept
MathBitsNotebook: Graphing Linear Equations Using Slope Intercept Method
MathBitsNotebook: Graphing Linear Equations Using Slope Intercept Method - Practice Problems
Math Open Reference: Lines On Coordinate Plane
Math Open Reference: Slope-Intercept
Math Open Reference: Slope-Intercept Applet
Shodor: Slope-Intercept Slider

d. Intercepts Method
Virtual Nerd: Graphing By Intercepts Method
MathBitsNotebook: Graphing Linear Equations Using Intercept Methods (including calculator guide)
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http://mathbitsnotebook.com/Algebra1/Inequalities/IQinequalities.html
http://mathbitsnotebook.com/Algebra1/Inequalities/IQinequalities.html
http://mathbitsnotebook.com/Algebra1/Inequalities/IQinequalityPractice.html
http://mathbitsnotebook.com/Algebra1/Inequalities/IQinequalityPractice.html
http://www.virtualnerd.com/algebra-1/linear-inequalities/multi-step-examples/multi-step-solutions/inequality-two-step-solution-and-graph
http://www.virtualnerd.com/algebra-1/linear-inequalities/multi-step-examples/multi-step-solutions/inequality-two-step-solution-and-graph
http://www.virtualnerd.com/algebra-1/linear-inequalities/multi-step-examples/multi-step-solutions/multi-step-reverse-order-of-operations
http://www.virtualnerd.com/algebra-1/linear-inequalities/multi-step-examples/multi-step-solutions/multi-step-reverse-order-of-operations
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://mathbitsnotebook.com/Algebra1/Inequalities/IQAppliedPractice.html
http://www.virtualnerd.com/algebra-1/relations-functions/graphing-linear-equations/identifying-linear-equations/linear-equation-definition
http://www.virtualnerd.com/algebra-1/relations-functions/graphing-linear-equations/identifying-linear-equations/linear-equation-definition
http://www.virtualnerd.com/algebra-1/relations-functions/graphing-linear-equations/graphs-examples/linear-equation-graphing-method
http://www.virtualnerd.com/algebra-1/relations-functions/graphing-linear-equations/graphs-examples/linear-equation-graphing-method
http://mathbitsnotebook.com/Algebra1/LinearEquations/LERefreshGraphing.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LERefreshGraphing.html
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/slope-intercept-form/slope-intercept-form-examples/graph-line-given-slope-intercept
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/slope-intercept-form/slope-intercept-form-examples/graph-line-given-slope-intercept
http://mathbitsnotebook.com/Algebra1/LinearEquations/LERefreshGraphing.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LERefreshGraphing.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEGraphPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEGraphPractice.html
http://www.mathopenref.com/coordlineintro.html
http://www.mathopenref.com/coordlineintro.html
http://www.mathopenref.com/linearexplorermxb.html
http://www.mathopenref.com/linearexplorermxb.html
http://www.mathopenref.com/common/appletframe.html?applet=linearexplorermxb&wid=640&ht=480
http://www.mathopenref.com/common/appletframe.html?applet=linearexplorermxb&wid=640&ht=480
http://www.shodor.org/interactivate/activities/SlopeSlider/?version=1.5.0_06&browser=MSIE&vendor=Sun_Microsystems_Inc.
http://www.shodor.org/interactivate/activities/SlopeSlider/?version=1.5.0_06&browser=MSIE&vendor=Sun_Microsystems_Inc.
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/intercept/intercept-examples/x-y-intercepts-graph-standard-line
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/intercept/intercept-examples/x-y-intercepts-graph-standard-line
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEGraphiLines.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEGraphiLines.html
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e. Modeling and Applications
MathBitsNotebook: Graphing Linear Equations - Mixed Practice Problems
Linear Equation Modeling
NCTM llluminations: Bathtub Water Levels (Slope-Intercept: Negative Slope)
f. Rate of Change
Virtual Nerd: Rate Of Change
Inside Mathematics: Performance Assessment Tasks
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http://mathbitsnotebook.com/Algebra1/LinearEquations/LENewGraphPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LENewGraphPractice.html
http://illuminations.nctm.org/Lesson.aspx?id=1469
http://illuminations.nctm.org/Lesson.aspx?id=1469
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/slopes/rate-of-change-definition
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/slopes/rate-of-change-definition
http://www.insidemathematics.org/performance-assessment-tasks
http://www.insidemathematics.org/performance-assessment-tasks
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Resources

Application Resources (Downloadable Lessons, Video, Applets, and Online Algebra Notes)

a.

AT TSm0 Q0T

Algebra 1 Skills: Algebra 1 Skills

Cliff Notes: Algebra 1

Emergent Math: Emergent Math

EngageNY: Algebra 1 Module 1

Georgia Standards of Excellence Frameworks GSE Foundations of Algebra Module 5 - Quantitative Reasoning with Functions

Georgia Standards of Excellence Frameworks GSE Foundations of Algebra Module 4 - Equations & Inequalities

Khan Academy: Introduction to Algebra

Math Open Reference Math Open Reference

MathBitsNotebook: Algebra 1

Mathematics Assessment Project — Mathematics Assessment Resource Service: Assessing 21st Century Mathematics
Virtual Nerd: Algebra 1

Dictionaries, Calculators, and Templates (Graphs, Graphic Organizers)

a.

@m0 oo T

A Maths Dictionary for Kids: Math Charts

A Maths Dictionary for Kids: Math Dictionary

Math Open Reference: Calculator

Math Open Reference: Full-Size Calculator

North Central Regional Educational Laboratory: Graphic Organizers

University of Georgia Mathematics Education Program: Interactive Mathematics Dictionary
Web 2.0: Calculator

Teaching Strategies

Q

b
C.
d

Creative Educator: Authentic Tasks - Write a Great Authentic Task
Creative Educator: Project-Based Learning

Illustrative Mathematics: lllustrative Mathematics Homepage
Math Video Instructional Development Source: Authentic Contexts
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https://commoncorealgebra1.wikispaces.hcpss.org/
https://commoncorealgebra1.wikispaces.hcpss.org/
http://www.cliffsnotes.com/math/algebra/algebra-i
http://www.cliffsnotes.com/math/algebra/algebra-i
http://emergentmath.com/
http://emergentmath.com/
https://www.engageny.org/resource/algebra-i-module-1
https://www.engageny.org/resource/algebra-i-module-1
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.khanacademy.org/math/algebra/introduction-to-algebra
https://www.khanacademy.org/math/algebra/introduction-to-algebra
http://www.mathopenref.com/index.html
http://www.mathopenref.com/index.html
http://mathbitsnotebook.com/Algebra1/Algebra1.html
http://mathbitsnotebook.com/Algebra1/Algebra1.html
http://map.mathshell.org/
http://map.mathshell.org/
http://www.virtualnerd.com/algebra-1/all
http://www.virtualnerd.com/algebra-1/all
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/
http://www.amathsdictionaryforkids.com/
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/common/calcappletframe.html?applet=calculator&wid=600&ht=400
http://www.mathopenref.com/common/calcappletframe.html?applet=calculator&wid=600&ht=400
http://www.ncrel.org/sdrs/areas/issues/students/learning/lr2grap.htm
http://www.ncrel.org/sdrs/areas/issues/students/learning/lr2grap.htm
http://intermath.coe.uga.edu/dictnary/homepg.asp
http://intermath.coe.uga.edu/dictnary/homepg.asp
http://web2.0calc.com/
http://web2.0calc.com/
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
https://www.illustrativemathematics.org/
https://www.illustrativemathematics.org/
http://fcit.usf.edu/mathvids/strategies/ac.html
http://fcit.usf.edu/mathvids/strategies/ac.html
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Sample Formative Assessment Tasks/Questions

Arithmetic with Polynomials and Expressions (FA.AAPR.1%)

a.

®oo o

[llustrative Mathematics Task: Powers of 11

NRICH: Quadratic Patterns

NRICH: Square Number Surprises

Choose a very big number. Describe it in as many ways as you can (Small 67).

Why might it be useful to write 5% * 20° in a different form to perform the calculation? Can you think of another pair of numbers that you

might rename for a similar purpose (Small 75)?

Building Functions, Solving Equations and Inequalities, and Describing Relationships (FA.NQ.2*; FA.ACE.1*; FA.ACE.2*; FA.AREI.10*)
a.

R

Illustrative Mathematics: Cash Box

Illustrative Mathematics: Equations and Formulas

Illustrative Mathematics: Reasoning with Linear Inequalities

Illustrative Mathematics: Rewriting Equations

Illustrative Mathematics: Same Solutions

Illustrative Mathematics: Traffic Jam

MathBitsNotebook: Solving One-Variable Equations - Summary Practice

Graphing Equations (FA.ACE.2*; FA.AREI.10%)

a.

MathBitsNotebook: MathBitsNotebook - Practice Graphing Linear Equations

Interpret the Meanings of Expressions (FA.ASE.1%*)

a.

N

Illustrative Mathematics: Animal Populations

Illustrative Mathematics: Delivery Trucks

[llustrative Mathematics: Delivery Trucks (this is a different approach)
Illustrative Mathematics: Equivalent Expressions

lllustrative Mathematics: Mixing Candies

Illustrative Mathematics: Seeing Dots

MathBitsNotebook: Basic Algebraic Expression Assessment
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https://www.illustrativemathematics.org/content-standards/HSA/APR/A/1/tasks/1654
https://www.illustrativemathematics.org/content-standards/HSA/APR/A/1/tasks/1654
http://nrich.maths.org/11011
http://nrich.maths.org/11011
http://nrich.maths.org/11194
http://nrich.maths.org/11194
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/tasks/462
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/tasks/462
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/4/tasks/393
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/4/tasks/393
https://www.illustrativemathematics.org/content-standards/HSA/REI/A/1/tasks/807
https://www.illustrativemathematics.org/content-standards/HSA/REI/A/1/tasks/807
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/4/tasks/1828
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/4/tasks/1828
https://www.illustrativemathematics.org/content-standards/HSA/REI/A/tasks/613
https://www.illustrativemathematics.org/content-standards/HSA/REI/A/tasks/613
https://www.illustrativemathematics.org/content-standards/HSN/Q/A/tasks/84
https://www.illustrativemathematics.org/content-standards/HSN/Q/A/tasks/84
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEPracBasic.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEPracBasic.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEGraphPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LEGraphPractice.html
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/436
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/436
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/531
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/531
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/1343
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/1343
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/2/tasks/87
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/2/tasks/87
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/389
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/1/tasks/389
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/2/tasks/21
https://www.illustrativemathematics.org/content-standards/HSA/SSE/A/2/tasks/21
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEbasicsPractice.html
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEbasicsPractice.html
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h. What makes all of the algebraic expressions below similar (Small 22)?

5 4x+5 x? 30-—x
i.  You describe a situation with the expression 5x. What might the situation be (Small 23)?
j.  Arectangle has a length of “x” and a width of “4.” What algebraic expressions can describe features of the rectangle (Small 23)?

Real Number System (FA.NRNS.1*; FA.NRNS.2*; FA.NRNS.3)

Illustrative Mathematics: Calculating the Square Root of 2

Illustrative Mathematics: Checking a Calculation of a Decimal Point

Illustrative Mathematics: Evaluating a Special Exponential Expression

Illustrative Mathematics: Evaluating Exponential Expressions

Illustrative Mathematics: Operations with Rational and Irrational Numbers

Illustrative Mathematics: Rational or Irrational?

Illustrative Mathematics: Sums of Rational and Irrational Numbers

New Zealand Maths: It Sounds Like Mah Jong (FA.NRNS.1%)

A number is written as a root of another number, but it’s really easy to figure out the standard value without a calculator. What might the
number be (Small 75)?

j. Draw a picture that would help someone compare the given pair of numbers (Small 81).

Option 1: V64 and V256 Option 2: V64 and V66

2
k. Option 1: The answer is 52°. What might the question be? Option 2: The answer is 43. What might the question be (Small 86)?
I.  Order the given set of numbers from least to greatest. Do not use a calculator (Small 87).

4 1 1
Option 1: V200, 2.53, 42,260 Option 2: (%) , 42,33, 18

Q

TSm0 o0 T
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https://www.illustrativemathematics.org/content-standards/HSN/RN/B/tasks/764
https://www.illustrativemathematics.org/content-standards/HSN/RN/B/tasks/764
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/2/tasks/1220
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/2/tasks/1220
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/1/tasks/1823
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/1/tasks/1823
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/1/tasks/1866
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/1/tasks/1866
https://www.illustrativemathematics.org/content-standards/HSN/RN/B/3/tasks/690
https://www.illustrativemathematics.org/content-standards/HSN/RN/B/3/tasks/690
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/2/tasks/608
https://www.illustrativemathematics.org/content-standards/HSN/RN/A/2/tasks/608
https://www.illustrativemathematics.org/content-standards/HSN/RN/B/3/tasks/1817
https://www.illustrativemathematics.org/content-standards/HSN/RN/B/3/tasks/1817
http://nzmaths.co.nz/resource/it-sounds-mah-jong
http://nzmaths.co.nz/resource/it-sounds-mah-jong
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Foundations in Algebra Unit 2 Title

Reasoning with Linear Equations and Inequalities

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes

e FA.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales.
O Limit to linear in Unit 2. Expands to quadratic in Foundations in Algebra Unit 3 and exponential in Unit 4. Rational functions are not
taught in Intermediate Algebra Unit 5.
o Understand that linear equations define the relationship between two variables, and graph equations to represent that.
o Write an equation of a line given a point and slope, both algebraic in model and application.
O Write an equation of a line given at least two points, both algebraic in model and application.
e F A.AREI.3 Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters.
o Apply the properties and operations of real numbers to equations and inequalities to solve for a specified variable (e.g., to solve a
slope-intercept equation or point-slope equation for x or another specified variable; or y = mx + b for b).
o Apply the properties and operations of real numbers to the standard form of a linear equation to find the x-intercept, the y-intercept,
or the slope of the function.
e FA.ARELS5 Justify that the solution to a system of linear equations is not changed when one of the equations is replaced by a linear
combination of the other equation.
o Define system of equations and solution of a system.
o Multiply by the same number on both sides of the equal sign to produce equivalent equations.
O Replace one equation with the sum of that equation and a multiple of the other to create a system with the same solutions as the
original equation.
O Substitute the common solution (if there is one) into a system to validate every equation.
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® FA.AREL6* Solve systems of linear equations algebraically and graphically focusing on pairs of linear equations in two variables.

Determine the approximate solution to a system of linear equations by graphing both equations and estimating the point of
intersection.

Solve a system of linear equations algebraically (by substitution or elimination/linear combinations) to find an exact solution.
Explain why some linear systems have no solutions and identify linear systems that have no solutions.

Explain why some linear systems have infinitely many solutions and identify linear systems that have infinitely many solutions.
Understand that linear systems can be solved multiple ways and that one method might be more efficient than others. (e.g., and
suggests the graphing or substitution method, and suggests the substitution method).

Graph the linear equations of a system to determine if the system has one, none, or infinitely many common solutions (points of
intersection).

Manipulate the equations within a linear system algebraically (through substitution or elimination) to determine the common
solution, if any exists.

Verify by substitution that the variables’ solutions solve the original equations.

F A.AREI.6a Solve systems of linear equations using the substitution method.

Solve and verify the exact solution of a system of equations using substitution.

FA.AREI.6b Solve systems of linear equations using linear combination.

Eliminate a variable algebraically to find an exact solution for a system of linear equations.
Verify by substitution that the variable’s solutions solve the original equations.

F A.AREI.10* Explain that the graph of an equation in two variables is the set of all its solutions plotted in the coordinate plane.

Verify that any point on a graph will result in a true equation when their coordinates are substituted into the equation.

FA.AREI.11* Solve an equation of the form f(x) = g(x) graphically by identifying the coordinate(s) of the point(s) of intersection.

Understand that the point of intersection, (x, y), on the graph of a system of equations, y = f(x) and y = g(x), represents a
solution to both equations.
Infer that sincey = f(x) and = g(x), f(x) = g(x) by the substitution property.

o Verify that the x-coordinate of the points of intersection for y = f(x) and y = g(x) are also the solutions for f(x) = g(x).
O Use a graphing calculator to determine the approximate solutions to a system of equations f(x) and g(x).

o

o

(0]

O

(0]

(0]

(0]

o
[ ]

o
[ ]

o

o
[ ]

o
[ J

o

o
[ J

FA.AREI.12* Graph the solutions to a linear inequality in two variables.

O Graph a linear inequality on a coordinate plane, resulting in a boundary line (solid or dashed) and a shaded half-plane.
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e FA.FIF.1a Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of the
domain exactly one element of the range.
o Define a function as a relation in which each input (domain) has exactly one output (range).
o Determine whether a graph, table, or set of ordered pairs represents a function.
o0 Determine whether stated rules (both numeric and nonnumeric) produce ordered pairs that represent a function.

e FA.FIF.1b Represent a function using function notation and explain that f(x) denotes the output of function f that corresponds to the input
X.

o Introduce the function notation f(x) to represent the output or range values of a function.
o Understand that f(x) represents the corresponding output of the function when x is an element of the input of a function.

e FA.FIF.1c Understand that the graph of a function labeled as f is the set of all ordered pairs (x, y) that satisfy the equation y = f(x).
O Explain the relationship between the graph of f and the graph of the equation = f(x) .

e FA.FIF.2* Evaluate functions and interpret the meaning of expressions involving function notation from a mathematical perspective and in
terms of the context when the function describes a real-world situation.

o Decode function notation and explain how the output of a function is matched to its input. (e.g., the function f(x) = 3x? + 5
squares the input, triples the square, and adds five to produce the output).

o Use order of operations to evaluate a function for a given domain (input) value.

O Analyze the input and output values of a function based on a problem situation.

o Identify the real numbers that are not in the domain of a function.

O Recognize that the domain may change depending upon the context of problem.

o FA.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity.

o Limit to linear in Unit 2. Expand to quadratic in Foundations in Algebra Unit 3 and exponential in Unit 4.
o Convert a table, graph, set of ordered pairs, or description into function notation by identifying the rule used to turn inputs into
outputs and writing the rule.
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e FAFIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes.
o Limit to linear in Unit 2. Expand to quadratic in Unit 3 and exponential in Unit 4.
O Analyze the input and output values of a function based on a problem situation.
o Identify the numbers that are not in the domain of a function recognizing that the domain may change depending upon context of
problem.
o0 Write the domain and range in various formats (e.g., compound inequalities and interval notation).
® FA.FIF.6™ Given a function in graphical, symbolic, or tabular form, determine the average rate of change of the function over a specified
interval. Interpret the meaning of the average rate of change in a given context.
o Limit to linear in Unit 2. Expand to quadratic in Intermediate Algebra Unit 4 and exponential in Unit 6.

. . . A
O Explain the relationship between the average rate of change and the slope formula m = ﬁ.

O Calculate the average rate of change of a function.
o Compare the rates of change of two or more functions.

e FA.FIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. Graph simple
cases by hand and use technology for complicated cases.

O Limit to linear in Unit 2. Expand to quadratic in Foundations in Algebra Unit 3 and exponential in Unit 4.

o Identify that the parent function for linear functions is the line y = x.

o Identify the point-slope form of a linear function as y — y; = m(x — x5).

O Graph a line in point-slope form and use the graph to show where the starting point (x4, y;)and the slope (m) are represented on
the graph.

Identify the slope-intercept form of a linear function as f(x) = mx + b.

Graph a line in slope-intercept form and use the graph to show where the y-intercept and the slope are represented on the graph.

O Explain the effects of change of slope m and y -intercept on linear functions.

o O
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e FA.FIF.8* Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.

o Limitto linear in Unit 2. Expand to quadratic in Foundations in Algebra Unit 3 and exponential in Unit 4.
Identify the point-slope form of a linear function as —y; = m(x — x;) .

Identify the slope-intercept form of a linear function as (x) = mx + b .

Identify the standard form of a linear function as +By = C .

Use definitions ofx-intercept andy -intercept to find the intercepts of a standard form line.

O Relate the constants A, B, and C to the values of the x-intercept, y-intercept, and m, slope.

O O O O

o FA.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal.

o Limitto linear in Unit 2. Expand to quadratic in Foundations in Algebra Unit 3 and exponential in Unit 4.
o Use equations, verbal descriptions, graphs, and tables to analyze the relationship between quantities or the properties of two
functions.
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High School Support Document

New Academic Vocabulary for This Unit

Average Rate Of Change
Boundary

Combinations Method

Function Notation ( notation for)
Half-Plane

Interval

Linear Inequality

Point-Slope Form

Relation

Standard Equation Form (for linear functions)
Substitution Property
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Prior Knowledge Required for this Unit

In earlier grades/units, students have developed conceptual knowledge and have had the opportunity to learn how to:

Extend previous understandings of Order of Operations (7.EEI.3).

Expand foundational knowledge of inequality solution sets, including compound equalities (6).

Understand function concepts, including one-to-one domain to range, particularly as communicated within ordered pairs (8.F.1).

Apply linear functions (particularly in the form of y = mx + bthrough table, equation, and graphical form, and identify value and meanings

of slope/rate and y-intercept/initial value as found within real-world and mathematical situations (8.F.3; 8.F.4; 8.F.5; 8.EEEL.6).

e Extend Grade 8’s conceptual knowledge of linear functions and expand the definition of linear function, which was limited to, to include
function notation.

e Solve for a variable in a multiple variable equation or inequality in real-world and mathematical situations (Foundations in Algebra 1 Unit 1 -
FA.ACE.1*; FA.ACE.2*; FA.ACE.4*).

e |Investigate the concept of linear systems through graphs or algebraic (substitution and elimination) methods.

e Understand when one, none, and infinitely many solutions arise through application or inspection of linear systems (8.EEI.7b and c; 8.EEL.8).
Unit 2 in Foundations in Algebra will scaffold this specific concept to improve mastery and extend understanding of linear systems and their
solution sets. For example, in Foundations in Algebra, the difficulty of the solution of a linear system (e.g. non-integer answers) may
increase, such as expected in standard FA.AREI.11. The additional standards in Unit 2 of Foundations in Algebra makes linear systems more
rigorous than when introduced in Grade 8.

e Understand and write the concept of inequalities from and within real-world and mathematical situations (7.NS.4b).
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Subsequent Knowledge Related to this Unit

e Foundations in Algebra Unit 3 extends the notion of a function to a new function family - quadratics. Unit 3 includes creating one and two
variable quadratic equations extended from Foundations in Algebra Unit 1, which explored the relationships among variables (Foundations
in Algebra Unit 1: Relationships Between Quantities and Expressions) (FA.ASE.1; FA.ASE.2). Functional relationships will be extended to a
third function family, exponential (Foundations in Algebra Unit 4: Modeling and Analyzing Exponential Functions).

e Foundations in Algebra 1 Unit 3 deepens knowledge of linear functions through graphical, symbolic, or tabular forms and how to measure
the average rate of change (FA.FIF.6). This unit will:

o Apply the functions’ graphical, symbolic, or tabular form, particularly to measure the average rate of change (FA.FIF.6* in Algebra 1
Units 3, 4, and 5).

e Foundations in Algebra Unit 1 (FA.ACE.4) requires fluent variable manipulation and empowers students in Foundations in Algebra Unit 2 to
rewrite functions of equations (FA.ACE.2*; FA.ARELI.3). This unit will:

o Extend to rewrite quadratic functions (Foundations in Algebra 1 Unit 3: Modeling and Analyzing Quadratic Functions) and to compare
such functions (Foundations in Algebra Unit 5: Comparing and Contrasting Functions) by solving for and substituting equivalent
algebraic value(s).

e Foundations in Algebra Unit 1 (FA.AAPR.1) involves the development of foundational knowledge regarding algebraic terms and polynomial
expressions and the properties of operations applied to polynomials. In Foundations in Algebra Unit 2, algebraic fluency of these concepts
deepens and broadens while studying linear applications. This unit will:

o Extend to quadratic applications and factoring (Foundations in Algebra Unit 3: Modeling and Analyzing Quadratic Functions) and
other functions in subsequent units.

e Foundations in Algebra Unit 2 explores linear function relationships in two variables expressed in table, equation and graphical forms
(FA.AREI.10). This unit will:

o Evolve as students explore quadratic (Foundations in Algebra Unit 3: Modeling and Analyzing Quadratic Functions), exponential
(Foundations in Algebra 1 Unit 4: Modeling and Analyzing Exponential Functions), and other function relationships expressed in
table, equation and graphical forms.

e Foundations in Algebra Unit 2 applies function notation (FA1.FIF.1*). This unit will:

o Extend function notation in all subsequent units and courses.

e Foundations in Algebra Unit 2 integrates linear systems and linear inequality graphing, lending towards extension of linear inequality
systems (FA.AREI.12*). This unit will:

o Develop linear inequality systems formally in Intermediate Algebra and linear programming in Algebra 2.
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e Foundations in Algebra Unit 2 develops skills with writing equations of lines (FA.FIF.7*; FA.FIF.8*). This unit will:
o Extended in Geometry to build on this foundation, particularly when writing equations of lines that are parallel and perpendicular
(G.GGPE.5*) and proving properties of quadrilaterals using coordinates.
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Relationship Among Standards in this Unit

The standards of Unit 2 expand students’ prior knowledge of functions, specifically linear functions. Students learn function notation, analyze
concepts of domain and range, and explore linear relationships through graphic, tabular, and algebraic representations. Students will identify the
critical attributes of linear functions (e.g., rate of change, intercepts, domain, and range) and understand that arithmetic sequences are linear
functions.

Determining an output value for a particular input involves evaluating expressions; finding inputs that yield a given output involves solving an
equation. Questions about when two functions have the same value for the same input lead to equations, whose solutions can be visualized from
the intersection of their graphs (Bainbridge).

As students further extend their prior knowledge of systems of linear functions and whether or not they have one, none, or infinitely many common
solutions (8.EEI.7), they transfer conceptual understandings to apply other algebraic methods (i.e., substitution, combination, and elimination).
Students study the relationships between variables and linear functions and linear inequalities in tabular, graphing, and algebraic formats and in
real world and mathematical situations. Students also graph two-variable linear inequalities in preparation for subsequent courses. They
communicate their understanding of the solution sets of inequalities in algebraic, verbal, and graphic representations. Unit 2 limits standards
FA.ACE.2* and FA.FIF.4* through FA.FIF.9 to their linear function applications. This conceptual knowledge, however, is foundational for studies in
subsequent units applied to quadratic functions (Foundations in Algebra Unit 3) and exponential functions (Foundations in Algebra Unit 4).
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 2.

Function Notation and Evaluative Meanings (FA.FIF.1*; FA.FIF.2*; FA.FIF.5*)
a. Instructional Materials
Algebra 1 Lessons WCCUSD: Evaluating Linear Functions
Algebra 1 Lessons WCCUSD: Evaluating Functions Graphically and Algebraically
Georgia Standards of Excellence Frameworks GSE Foundations of Algebra Module 5 - Quantitative Reasoning with Functions
b. Algebra 1 Lessons WCCUSD: Evaluating Linear Functions
c. Algebra 1 Lessons WCCUSD: Evaluating Functions Graphically and Algebraically

Linear Modeling, Creating Equations with Two Variables, and Graphing Linear Functions (FA.ACE.2*; FA.FIF.5*; FA.FIF.6*)
a. Average Rate of Change
Algebra 1 Lessons WCCUSD: Average Rate of Change
Virtual Nerd: Average Rate of Change Review, Slope, and Table-Method
b. Creating Equations and Graphing Linear Functions
Georgia Standards of Excellence Frameworks GSE Foundations of Algebra Module 4 - Equations & Inequalities
Algebra 1 Lessons WCCUSD: Discovering Slope
Khan Academy: Linear Function Graphing Videos on Relationships Discussion, Slope Discussion, Equations Example 1, and Equations Example
2
Algebra 1 Lessons WCCUSD: Slope-Intercept Sort
c. Linear Functions Relationships
Algebra 1 Lessons WCCUSD: Discovering Slope

Writing Equations of Lines (A1.FIF.7*; A1.FIF.8%)
a. Point-Slope Form
Algebra 1 Lessons WCCUSD: Point-Slope Application Problems
Khan Academy: Introduction To Point-Slope Video
Virtual Nerd: Rewriting From Slope-Intercept Into Standard Or Point-Slope Formats
Virtual Nerd: Writing Equations Of Lines In Point-Slope Format, Finding “B” When Given Point And Slope, and Given A Parallel Line And Point
b. Two-Points
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http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/rate-of-change-definition.php
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/rate-of-change-definition.php
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/rate-of-change-two-points-graph.php
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/rate-of-change-two-points-graph.php
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/rate-of-change-definition.php
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/rate-of-change-definition.php
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.wccusd.net/Page/3224
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/interpreting-linear-graphs
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/interpreting-linear-graphs
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/slope-example
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/slope-example
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/exploring-linear-relationships
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/exploring-linear-relationships
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/application-problem-with-graph
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/application-problem-with-graph
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/v/application-problem-with-graph
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
https://www.khanacademy.org/math/algebra/two-var-linear-equations-and-intro-to-functions/point-slope/v/idea-behind-point-slope-form
https://www.khanacademy.org/math/algebra/two-var-linear-equations-and-intro-to-functions/point-slope/v/idea-behind-point-slope-form
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/slope-intercept-form/slope-intercept-form-examples/slope-intercept-to-standard-and-point-slope-form
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/slope-intercept-form/slope-intercept-form-examples/slope-intercept-to-standard-and-point-slope-form
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/point-slope-line-direct-example.php
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/point-slope-line-direct-example.php
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/y-intercept-from-point-slope-form.php
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/y-intercept-from-point-slope-form.php
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/parallel-perpendicular-lines/parallel-lines/slope-intercept-from-point-and-parallel-line
http://www.virtualnerd.com/algebra-1/linear-equation-analysis/parallel-perpendicular-lines/parallel-lines/slope-intercept-from-point-and-parallel-line
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Khan Academy: Writing Equation Of A Line Given In Point-Slope Given Two Points
Algebra 1 Lessons WCCUSD: Three Forms of an Equation of a Line
c. Applications
Open Middle: Write A Linear Function
Algebra 1 Lessons WCCUSD: Point-Slope Application Problems
Algebra 1 Lessons WCCUSD: Shifting Linear Equations in Function Notation
d. Standard Form
Algebra 1 Lessons WCCUSD: Discovering Slope of a Line in Standard Form

Linear Systems (FA.FIF.9*%; FA.AREL5; FA.AREI.6*; FA.AREl.6a*; FA.AREI.6b*; FA.AREI.10*; FA.AREI.11*; FA.FIF.4*)

a. Linear Systems - General Understanding
Cliffs Notes: Linear Systems General Information
EngageNY: Creating Systems Of Equations
MathEdPage: Systems With Teacher Notes And Applications

b. Linear Systems - Graphically
Algebra 1 Lessons WCCUSD: Graphing Systems
Georgia Department of Education: Georgia Standards Solving Systems By Graphing — “Cara’s Candles; page 64” — Georgia Standards Of
Excellence Unit 2
Georgia Department of Education: Solving Systems By Graphing — “Talk Is Cheap; page 143” — Georgia Standards Of Excellence Unit 2
Mathematics Assessment Project — Mathematics Assessment Resource Service: Maximizing Profit - Online Lesson Plan
Mathematics Assessment Project — Mathematics Assessment Resource Service: Maximizing Profit

c. Linear Systems - Algebraically
Algebra 1 Lessons WCCUSD: Solving a System by Substitution
Georgia Department of Education: Solve Systems Of Linear Equations By Elimination — Graphic Organizer Georgia Department of Education:
Solving Systems By Graphing — “Family Outing; page 131” — Georgia Standards Of Excellence Unit 2
Mathematics Assessment Project — Mathematics Assessment Resource Service: Solving Linear Equations In Two Variables - Online Lesson
Plan
Mathematics Assessment Project — Mathematics Assessment Resource Service: Solving Linear Equations In Two Variables
Georgia Department of Education: Methods For Solving Systems Of Equations — Georgia Standards Of Excellence Unit 2 — Graphic Organizer
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https://www.khanacademy.org/math/algebra/two-var-linear-equations-and-intro-to-functions/point-slope/v/point-slope-and-slope-intercept-form-from-two-points
https://www.khanacademy.org/math/algebra/two-var-linear-equations-and-intro-to-functions/point-slope/v/point-slope-and-slope-intercept-form-from-two-points
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.openmiddle.com/write-a-linear-function/
http://www.openmiddle.com/write-a-linear-function/
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.cliffsnotes.com/math/algebra/algebra-i/equations-with-two-variables/solving-systems-of-equations-simultaneous-equations
http://www.cliffsnotes.com/math/algebra/algebra-i/equations-with-two-variables/solving-systems-of-equations-simultaneous-equations
https://www.engageny.org/resource/algebra-i-module-1-topic-c-lesson-23
https://www.engageny.org/resource/algebra-i-module-1-topic-c-lesson-23
http://www.mathedpage.org/middle-school/pdf/systems.pdf
http://www.mathedpage.org/middle-school/pdf/systems.pdf
http://www.wccusd.net/Page/3224
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://map.mathshell.org/lessons.php?unit=9205&collection=8
http://map.mathshell.org/lessons.php?unit=9205&collection=8
http://map.mathshell.org/lessons.php?unit=9205&collection=8
http://www.wccusd.net/Page/3224
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://map.mathshell.org/lessons.php?unit=9235&collection=8
http://map.mathshell.org/lessons.php?unit=9235&collection=8
http://map.mathshell.org/lessons.php?unit=9235&collection=8
http://map.mathshell.org/download.php?fileid=1730
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
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Graphing Inequalities with Two-Variables (FA.AREI.12*)
a. Graphing Two-Variable Inequalities
EngageNY: Graphing Inequalities with Two-Variables
Mathematics Assessment Project — Mathematics Assessment Resource Service: Representing Inequalities Graphically - Online Lesson Plan
Mathematics Assessment Project — Mathematics Assessment Resource Service: Representing Inequalities Graphically
Virtual Nerd: Graphing Two-Variable Inequalities Videos - Determining Boundary Line and Graphing Two-Variable Inequalities
Georgia Department of Education: Graphing Inequalities with Two-Variables (Extension)— “Family Outing; page 136” — Georgia Standards Of
Excellence Unit 2
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https://www.engageny.org/resource/algebra-i-module-1-topic-c-lesson-21
https://www.engageny.org/resource/algebra-i-module-1-topic-c-lesson-21
http://map.mathshell.org/lessons.php?unit=9265&collection=8
http://map.mathshell.org/lessons.php?unit=9265&collection=8
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/inequalities/graphing-inequalities/boundary-graphing
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/inequalities/graphing-inequalities/boundary-graphing
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/inequalities/graphing-inequalities/coordinate-plane-graphing-example
http://www.virtualnerd.com/pre-algebra/linear-functions-graphing/inequalities/graphing-inequalities/coordinate-plane-graphing-example
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
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Sample Formative Assessment Tasks/Questions

Solving Linear Equations and Systems of Equations (FA.ACE.2*; FA.AREI.1*; FA.AREI.3*; FA.AREI.6*; FA.AREI.11*)

a. lllustrative Mathematics: Accurately Weighing Pennies |

b. lllustrative Mathematics: Collinear Points (FA.AREI.10%*)

c. Illustrative Mathematics: Estimating a Solution Via Graphs

d. Illustrative Mathematics: Find a System

e. lllustrative Mathematics: Fishing Adventures 3 (systems of linear inequalities)
f. Illustrative Mathematics: Pairs of Whole Numbers

g. lllustrative Mathematics: Solution Sets (systems of linear inequalities)
h. lllustrative Mathematics: Solving Two Equations in Two Unknowns

i. llustrative Mathematics: Taxi (FA.AREI.10*)

j-  New Zealand Maths: Renting a Car

k. NYC Department of Education: The Cycle Shop

How are these two equations alike? How are they different (Small 22)?
y=3x—2 and y =6x—4
m. Consider only situations where x > 0 (Small 59).
Option 1: Graph the following lines on the same grid and identify the coordinates of the point of intersection: y =x and y = x + 3.

Option 2: Graph the following lines on the same grid and identify the coordinates of the point of intersection: y = 3x and y = %x

Meaning of Functions (FA.FIF.1a)
a. Function Finder- Which of these relationships are functions (Ronau 24)?
e Facebook user —»password
Student —hair color
Students in our class —planet the student lives on
State —letters in name
Month —days in the month
Days in the month —month (inverse)
Date —»temperature outside
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https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/761
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/761
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/10/tasks/1066
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/10/tasks/1066
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/761
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/761
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/1363
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/1363
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/12/tasks/644
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/12/tasks/644
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/1363
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/6/tasks/1363
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/12/tasks/1205
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/12/tasks/1205
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/5/tasks/1903
https://www.illustrativemathematics.org/content-standards/HSA/REI/C/5/tasks/1903
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/10/tasks/243
https://www.illustrativemathematics.org/content-standards/HSA/REI/D/10/tasks/243
http://nzmaths.co.nz/resource/renting-car
http://nzmaths.co.nz/resource/renting-car
http://schools.nyc.gov/NR/rdonlyres/0D9AA86E-F601-4F26-9598-CF57C4FA7CAB/0/NYCDOEHSAlgebraTheCycleShop_Final.pdf
http://schools.nyc.gov/NR/rdonlyres/0D9AA86E-F601-4F26-9598-CF57C4FA7CAB/0/NYCDOEHSAlgebraTheCycleShop_Final.pdf
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e Password —Facebook user
e Anyinteger »Double the integer

Interpreting Functions (FA.FIF.1a; FA.FIF.1b; FA.FIF.1c; FA.FIF.2*; FA.FIF.4*; FA.FIF.5*; FA.FIF.6*; FA.FIF.7*; FA.FIF.8*; FA.FIF.9%)

X Xg< €TV TOT O3 T ATIToOR™TOQ0 T

Georgia Department of Education: Functioning Well (FA.FIF.1)

Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
. lllustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:
Illustrative Mathematics:

The slope of a line is % Provide the coordinates of two points on the line (Small 40).

10000 is Half of 2000 (FA.FIF.6%*)
Cell Phones (FA.FIF.2%*)

Domains

Function Notation | (FA.FIF.1b)
Hoisting the Flag |

Hoisting the Flag Il

How is the Weather? (FA.FIF.5)
Interpreting the Graph

Laptop Battery Charge (FA.FIF.6%*)
Mathemafish Population (FA.FIF.6*)
Pizza Place Promotion

Playing Catch

Points on a Graph

Random Walk | (FA.FIF.2%*)
Random Walk Il (FA.FIF.2*)
Temperature Change (FA.FIF.6*)
The Customers (FA.FIF.1a)

The High School Gym (FA.FIF.6*)
The Parking Lot (FA.FIF.1a)
Warming and Cooling
Words-Tables-Graphs (FA.FIF.9*)
Yam in the Oven (FA.FIF.2%*)
Your Father (FA.FIF.1a)
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http://www.troup.k12.ga.us/userfiles/929/My%20Files/HS%20Math/algebra1/Unit%202/Functioning%20Well.pdf?id=12729
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/1897
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/1897
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/634
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/634
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/635
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/635
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/598
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/598
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2085
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2085
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2084
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2084
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/649
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/649
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/tasks/636
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/tasks/636
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/1559
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/1559
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/686
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/686
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/tasks/578
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/tasks/578
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2087
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2087
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/630
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/630
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/626
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/626
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/664
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/664
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/1500
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/1500
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/624
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/624
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/577
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/6/tasks/577
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/588
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/588
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/639
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/639
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2089
https://www.illustrativemathematics.org/content-standards/HSF/IF/B/4/tasks/2089
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/625
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/2/tasks/625
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/589
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/589
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Symbolic Representation of Linear Function (FA.ACE.2%*)
a. lllustrative Mathematics Task: Do Two Points Always Determine a Linear Function?
b. Open Middle problem - Write a Linear Function
c. You know that a line goes through the point (4, 2) and that is slants up and to the right. Name at least one other thing that you are sure is
NOT true about the line (Small 41).

d. Option1: Aline of slope 2 goes through (-4, -1). Name two or more points on the line.

Option 2: A line of slope _?2 goes through (-4, -1). Name two or more points on the line (Small 59).

Inside Mathematics: Performance Assessment Tasks
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https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/377
https://www.illustrativemathematics.org/content-standards/HSF/IF/A/1/tasks/377
http://www.openmiddle.com/write-a-linear-function/
http://www.openmiddle.com/write-a-linear-function/
http://www.insidemathematics.org/performance-assessment-tasks
http://www.insidemathematics.org/performance-assessment-tasks
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Foundations in Algebra Unit 3 Title

Modeling and Analyzing Exponential Functions

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e FA.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving linear, quadratic, simple
rational, and exponential relationships. Interpret the solutions and determine whether they are reasonable. (Limit to linear; quadratic;
exponentialwith-integerexponents.)

o Identify the variable quantities in real-world contexts.

O Use context to choose the applicable algebraic model (linear equation, linear inequality, or quadratic equation).

o Write, solve, and interpret the solution of an equation or inequality.

e FA.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales. (Limit to linear; quadratic; exponential with integer exponents; direct and indirect variation.)

o Identify the variables and quantities in real-world contexts.

o Use context to choose the applicable algebraic model (e.g., linear, quadratic).

O Write and graph equations in two or more variables, and interpret relationships among variables.

e FA.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.

O Isolate variables to rewrite equations and formulas in equivalent forms.

e A1.AREL1* Understand and justify that the steps taken when solving simple equations in one variable create new equations that have the
same solution as the original.

o Apply order of operations and inverse operations to solve equations.

o Construct an argument to justify a solution process.

o Demonstrate that the solution of the equation solves the equations created for each step of the process.

e FA.FBF.3* Describe the effect of the transformations f(x), f(x) + k, f(x + k), and combinations of such transformations on the graph of y = f(x)
for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its graph. (Limit to
linear; quadratic; experentialwith-integerexponents; vertical shift and vertical stretch.) (Limit to linear and quadratic in unit 3; expands to
exponential with integer exponents in units 4 and 5).

o Explain why f(x) + k translates the original graph of f(x) up k units and why f(x) - k translates the original graph of f(x) down k units.
Explain why f(x + k) translates the original graph of f(x) left k units and why f(x - k) translates the original graph of f(x) right k units.
Describe the transformation that changed a graph of f(x) into a different graph when given pictures of the pre-image and the image.
Determine the value of k given a graph of a transformed function.

Graph the listed transformations when given a graph of f(x) and a value of k [f(x) + k, f(x + k) and f(x + k) & k].

o Generate and compare examples of functions with different k values.

O O OO
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FA.FIF.1* Extend previous knowledge of a function to apply to general behavior and features of a function.
FA.FIF.1a Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of the
domain exactly one element of the range.
o Define a function as a relation in which each input (domain) has exactly one output (range).
o Determine if a graph, table, or set of ordered pairs represents a function.
o Determine if stated rules (both numeric and nonnumeric) produce ordered pairs that represent a function.
e FA.FIF.1b Represent a function using function notation and explain that f(x) denotes the output of function f that corresponds to the input x.
O Recognize that when x is an element of the input of a function, f(x) represents the corresponding output of the function.
e FA.FIF.1c Understand that the graph of a function labeled as f is the set of all ordered pairs (X, y) that satisfy the equation y = f(X).
O Explain that the graph of f is the graph of the equation y = f(x).

e FA.FIF.2* Evaluate functions and interpret the meaning of expressions involving function notation from a mathematical perspective and in
terms of the context when the function describes a real-world situation.

o Decode function notation and explain how the output of a function is matched to its input. (e.g., The function f(x) = 3x*-5 squares
the input, triples the square, and subtracts five to produce the output).

o Use order of operations to evaluate a function for a given domain (input) value.

o Analyze the input and output values of a function based on the context of a problem.

o Identify the real numbers that are not in the domain of a function.

o Recognize that the domain might change depending upon the context of problem.

o FA.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries;-end-behavierandperiodicity. (Limit
to linear; quadratic;-expenentiak) (Limit to linear and quadratic in unit 3; expands to exponential with integer exponents in units 4 and 5.)

o Connect this content to the content of A1.AREI.4*.

o Create a graph that matches the description and shows all of the key features of the function, if applicable, the y-intercept, x-
intercept(s), increasing interval, decreasing interval, relative minimum, relative maximum, and symmetry.

o0 Explain the meaning of all the key features included in a graph or verbal description.

e FA.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes. (Limit to
linear; quadratic; expenentiak) (Limit to linear and quadratic in unit 3; expands to exponential with integer exponents in units 4 and 5).

o Analyze the input and output values of a function in algebraic, graphic, tabular, and verbal forms.
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e FA.FIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. Graph simple

cases by hand and use technology for complicated cases. (Limit to linear; quadratic; expenentialenh-intheform y=-a*+k-}

(0]

O O 0O OO0 OO

(0]

Explain that the parent function for a quadratic function is the parabola f(x) = x°.

Explain that the minimum or maximum of a quadratic is called the vertex.

Identify whether the vertex of a quadratic will be a minimum or maximum by looking at the equation.

Find the y-intercept of a quadratic by substituting 0 for x and evaluating the function.

Estimate the vertex of a quadratic by evaluating different values of x.

Use calculated values while looking for a maximum or minimum to decide if the quadratic has x-intercepts.
Estimate the x-intercepts of a quadratic by evaluating different values of x.

Graph a quadratic using evaluated points.

Use technology to graph a quadratic and to find precise values for the x-intercept(s) and the maximum or minimum.

e FA.FIF.8* Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.
(Limit to linear; quadratic; exponential.)

(@)

O O OO O0OO0OO0OO0OO0oOOoOOo

(0]

Equations, verbal descriptions, graphs, and tables provide insight into the relationship between quantities.

Explain that there are three forms of quadratic functions: standard form and vertex form.

Explain that standard form is f(x) = ax’ + bx + c.

Explain that the vertex form is f{x) = a(x-h)* + k.

Explain that the graph of all these forms is a parabola.

Use the x-intercepts of a quadratic function to find the axis of symmetry.

Use the axis of symmetry of a quadratic to find the vertex of a parabola.

Identify the line of symmetry and vertex of a quadratic written in vertex form.

Sketch the graph of a parabola written in vertex form.

Determine if a quadratic written in vertex form has x-intercepts by looking at the equation.

Use algebra to find the x-intercepts of a quadratic written in vertex form.

Demonstrate that the standard and vertex forms of the same quadratic function produce the same values for the x-intercepts, the y-
intercept, and the vertex.

Write the function that describes a parabola in all three forms when given a graph with the x-intercepts, y-intercept, and vertex
labeled.
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e FA.FIF.8a Use the-process-of factoring and completing the square in a quadratic function to show zeros, extreme values, and symmetry of
the graph, and interpret these in terms of a context. (Note: FA.FIF.8a is not a Graduation Standard.)
O Use the given factored form to find the zeros of a quadratic function.
O Use the given vertex form of a quadratic to find the extreme values and symmetry.
O Emphasis should be given to the real-world context of a problem situation and to the meaning of the zeros and extreme values in the
real-world.
o The processes of factoring and completing the square will be addressed in Intermediate Algebra Unit 4.
e FA.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal. (Limit to
linear; quadratic; expenential:) (Limit to linear and quadratic in unit 3; expands to exponential with integer exponents in units 4 and 5.)
O Provide insight into the properties of linear and quadratic functions by comparing different representations of two functions.
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New Academic Vocabulary for This Unit

Axis of symmetry
Inspection

Parabola

Quadratic equation
Quadratic expression
Radicand

Roots of a quadratic
Square root method
Standard form of a quadratic equation
Translate

Vertex

Vertex form

y-axis symmetry
Zero of a function
Zeros
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Prior Knowledge Required for this Unit

FA.ASE.1 included creating one and two variable linear equations in Unit 1; this standard is now applied and extended to a new function
family, quadratic, in this (Unit 3).

In Unit 1, rewriting simple expressions with radicals provided foundation for quadratic solutions with rational and irrational square roots.
FA.ACE.4 requires fluent variable manipulation and empowers students to rewrite functions as equations.

Student understanding of function relationships, as seen in FA.AREI.10 for functions in two variables, can be expressed in tabular, algebraic
(equation), and graphical forms.

Previous student exposure to linear functions was established in Units 1 and 2, particularly the function notation of f(x) and how that relates
to understanding of function concepts including 1-to-1 domain to range, particularly as communicated within ordered pairs.

In grade 8, students examined the properties of rigid transformations (rotations, reflections, and translations); reflections and translations
will be re-examined with the parent function, f(x) = x%, a parabola rather than geometric figures. (8.GM.1)

Student understanding of the geometric concept of symmetry from middle school will be applied to parabolas; symmetry appears in the
graph of a parabola as well as the numerical/tabular representation of a quadratic function. A parabola has a vertical line of symmetry that
can be expressed as a vertical line (non-function), and the maximum/minimum of the parabola is the vertex and is a point on the line of
symmetry.
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Subsequent Knowledge Related to this Unit

e Unit 5 compares and contrasts the graphs of linear, quadratic and exponential functions.

e Unit 5 compares and contrasts the rates of change of linear, quadratic and exponential functions.

e Unit 5 compares and contrasts the key features of the graphs of linear, quadratic, and exponential functions (domain, range, y-intercept,
zeros, intervals of increase/decrease, axis of symmetry, vertex, end behavior, etc.).
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Relationship Among Standards in this Unit

The standards in Unit 3 focus on quadratic functions, equations, and applications of quadratic functions. Students will determine if a relation is a
guadratic function by analyzing information gathered from tables, graphs, and expressions. They will explore variable rate of change and determine
how the rate of change for a quadratic function differs from the rate of change for a linear function. Unit 3 explores critical attributes of quadratic
functions, including finding the vertex and axis of symmetry of the graph of any polynomial function; using the graph, table, or solutions to the
guadratic expressed in vertex form to identify the zeros; and determining if the vertex is the maximum or minimum value of the function. Access to
a variety of technologies, such as graphing utilities, spreadsheets, and computer algebra systems, to solve problems will support mastery of these
standards. This unit guides students to recognize the quadratic parent function f(x) = x2, and to explain how a translation of the parent function
can stretch the graph, compress it, or move it left, right, up, or down. Through contextual examples and models of objects that are thrown in the air
and allowed to fall subject to the force of gravity, students will deepen their conceptual understanding to interpret quadratic functions and their
solutions. They will determine the circumstances when one can take the square root of both sides of an equation.

In this unit, students will:

Focus on quadratic functions, equations, and applications,

Model quadratic equations through quadratic functions using a vertical motion model,

Find the vertex of the graph of a quadratic function,

Apply the vertex form of a quadratic function to find real solutions of quadratic equations, and

Explain why the graph of every quadratic function is a translation of the graph of the basic function f (x) = x.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 3.

Rewriting Expressions and Equations (FA.AREI.1%)

Better Lesson: Simplify and Rewrite Radicals as Rational Exponents and Vice Versa
Better Lesson: Solving Equations

Analysis of Quadratic Functions and Parabolas (FA.FBF.3*, FA.AREI.4, FA.FIF.1*(1a,1b,1c), FA.FIF.8 (8a), FA.FIF.9*)

a.

Transforming the graph of the quadratic parent function f(x) = x?

Introduction to Quadratics

Algebra 1 Lessons WCCUSD: Exploring Quadratic Graphs

Khan Academy: Transforming the Graphs of Quadratic Functions

VirtualNerd: Transforming Parent Functions of Quadratics

Hippocampus: Simulations — Algebra 1: Quadratic Functions: Shape Shifter
Graphing Quadratics

Khan Academy: Graphing Quadratic Functions

EngageNY: Introduction to Quadratic Function.and Graphing

Purplemath: Graphing Quadratic Functions

CoolMath: Graphing Quadratics (Parabolas)

Virtual Nerd: Graphs of Quadratic Functions

Algebra 1 Lessons WCCUSD: Key Features of Graphs

Hippocampus: Presentations — Algebra 1: Graphing Quadratic Functions
Average Rate of Change

Rewriting Quadratics in Different Forms (only parts of these resources will apply)
MathBitsNotebook: Vertex Form of Quadratic Functions

Khan Academy: Different Forms of Quadratic Functions and the Features They Reveal
Algebra 1 Lessons WCCUSD: Three Forms of a Quadratic Function: Matching Quadratic Functions
Khan Academy: Features of Quadratic Functions

Solving Quadratics

Khan Academy: Quadratic Equations and Functions
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http://betterlesson.com/lesson/571695/simplify-and-rewrite-radicals-as-rational-exponents-and-vice-versa
http://betterlesson.com/lesson/446484/solving-equations
https://drive.google.com/file/d/0B3urANBKsZFRQnhOVkNyZzBDUGc/view?usp=sharing
http://www.wccusd.net/Page/3224
https://www.khanacademy.org/math/algebra/quadratics/transforming-quadratic-functions/v/shifting-and-scaling-parabolas
http://www.virtualnerd.com/algebra-2/quadratics/transforming-functions/transformations/graph-parent-function
http://www.hippocampus.org/Algebra%20%26%20Geometry?loadLeftClass=Course&loadLeftId=75&loadTopicId=7499
https://www.khanacademy.org/math/algebra/quadratics/graphing-quadratic-functions/v/graphing-a-quadratic-function
https://www.engageny.org/resource/algebra-i-module-1-topic-lesson-2
http://www.purplemath.com/modules/grphquad.htm
http://www.coolmath.com/algebra/11-graphing-quadratics-parabolas
http://www.virtualnerd.com/algebra-1/quadratic-equations-functions/graphing/graph-basics
http://www.wccusd.net/Page/3224
http://www.hippocampus.org/Algebra%20%26%20Geometry?loadLeftClass=Course&loadLeftId=75&loadTopicId=7499
https://drive.google.com/file/d/0B3urANBKsZFRRkJCczRtNDRqeWc/view?usp=sharing
http://mathbitsnotebook.com/Algebra1/Quadratics/QDVertexForm.html
https://www.khanacademy.org/math/algebra/quadratics/features-of-quadratic-functions/v/rewriting-a-quadratic-function-to-find-roots-and-vertex
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/ThreeFormsOfQuadraticFunctionsLessonV1.pdf
https://www.khanacademy.org/math/algebra/quadratics/features-of-quadratic-functions/v/quadratic-functions-2
https://www.khanacademy.org/math/algebra/quadratics
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Creating and Solving Quadratic Equations in Terms of Context (FA.ACE.1*, FA.ACE.2*, FA.ACE.4*, FA.AREI.4* (4a and 4b), FA.FIF.2*)
Better Lessons: Modeling With Quadratic Functions
Algebra 1 Lessons WCCUSD: Quadratics - Matching Game
Algebra 1 Lessons WCCUSD: Quadratic Equations - What We Know
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http://betterlesson.com/lesson/558828/modeling-with-quadratic-functions
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
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Resources

Dictionaries, Calculators, and Templates (Graphs, Graphic Organizers)

A Maths Dictionary for Kids: Explicit Vocabulary Building

A Maths Dictionary for Kids: Math Charts Printable Resources

Desmos: Online Graphing Calculator with Many Pre-Made Activities

Interactive Mathematics Dictionary: Descriptions, Related Terms, Everyday Examples, Interactive Checkpoints, More Info & Challenge

Q

Math Open Reference: Calculator

My HRW Classroom: Graphing Calculator Online

Teacher Vision: Graphic Organizer Printables

Texas Instruments: Texas Instruments Algebra 2 Graphing Calculator Activities
Wabbit: Online TI-84 Silver Edition Graphing Calculator Emulator

j- Web 2.0: Scientific Calculator

T Tm e oo0T

Teaching Strategies

a. Creative Educator: Authentic Tasks - Write a Great Authentic Task
Creative Educator: Project-Based Learning
Illustrative Mathematics: Illustrative Mathematics Homepage
Math Video Instructional Development Source: Authentic Contexts
Power Up What Works: Math Strategies that Work Research
PrBL: Project-Based Learning

moooCT

South Carolina Department of Education | Office of Standards and Learning
May 2016

Page 150



http://www.amathsdictionaryforkids.com/dictionary.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
https://www.desmos.com/
http://intermath.coe.uga.edu/dictnary/howtouse.asp
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/calculator.html
https://my.hrw.com/math06_07/nsmedia/tools/Graph_Calculator/graphCalc.html
https://www.teachervision.com/graphic-organizers/printable/6293.html
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://wabbit.codeplex.com/
http://web2.0calc.com/
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
https://www.illustrativemathematics.org/
http://fcit.usf.edu/mathvids/strategies/ac.html
http://powerupwhatworks.org/resource/research-math-practices
https://sites.google.com/site/prblworkshop/problem-based
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Quadratic Lesson Modules, Teacher Notes, PowerPoints, Videos, Applets, and Activities
Cliff Notes: Algebra 1
Concord Consortium: Graphing Quadratic Equations
EngageNY: Algebra 1
Emergent Math: Current Education Issues in Mathematics, Blog, and Curriculum Map
Georgia Department of Education: Mathematics Teacher Support
Gizmos: Resource
Hippocampus: Algebra & Geometry - Presentations, Worked Examples, Test Prep & Simulations
Howard County Public School System: Algebra 1
IXL Learning: Algebra 1 Practice
Illustrative Mathematics: High School Content Lesson Index
Khan Academy: Algebra 1
LearnZillion: Algebra Math Video Lessons
. MathBitsNotebook: Algebra 1
Math Open Reference: Math Subject Topic List
Mathematics Assessment Project — Mathematics Assessment Resource Service: Classroom Challenges (Formative Assessment Lessons)
Mathematics Assessment Project — Mathematics Assessment Resource Service: Guide for Teachers and Administrators
Monterey Institute: Algebra 1: An Open Course (Part 2)
Monterey Institute: Algebra 1: An Open Course - Unit 10 — Quadratic Functions
National Library of Virtual Manipulatives: Algebra Virtual Manipulatives
Quia: Mathematics Shared Activities
Regents Exam Prep Center: Algebra
Study Zone: Intermediate Test Prep (6-8)
. Virtual Nerd: Algebra 1
West Contra Costa Unified School District: Algebra 1 Lessons

o
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http://www.cliffsnotes.com/study-guides/algebra/algebra-i
http://www.cliffsnotes.com/study-guides/algebra/algebra-i
http://concord.org/stem-resources/graphing-quadratic-equations
https://www.engageny.org/resource/algebra-i-module-1-topic-lesson-2
http://emergentmath.com/
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog#grades
http://www.hippocampus.org/Algebra%20%26%20Geometry?view=Media
https://hcpss.instructure.com/courses/99
https://www.ixl.com/math/algebra-1
https://www.illustrativemathematics.org/content-standards/HS
https://www.khanacademy.org/math/algebra
https://learnzillion.com/resources/75023-algebra-math-video-lessons
http://mathbitsnotebook.com/Algebra1/Algebra1.html
http://www.mathopenref.com/
http://map.mathshell.org/background.php
http://map.mathshell.org/guides/map_cc_teacher_guide.pdf
http://moodle.montereyinstitute.org/course/view.php?id=3
http://www.montereyinstitute.org/courses/Algebra1/PD10_RESOURCE/Algebra%20I_PD_U10_InstrGuide_v1.1.pdf
http://nlvm.usu.edu/en/nav/category_g_3_t_2.html
http://www.quia.com/shared/mathematics/
http://www.regentsprep.org/regents/math/algebra/math-ALGEBRA.htm
http://www.studyzone.org/mtestprep/math8.cfm
http://www.virtualnerd.com/algebra-1/all
http://www.wccusd.net/Page/3224
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Sample Formative Assessment Tasks/Questions

a. Mathematics Assessment Project — Mathematics Assessment Resource Service: Building Functions

b. Mathematics Assessment Project — Mathematics Assessment Resource Service: Formative Assessment Lesson - Generalizing Patterns: Table
Tiles

c. Mathematics Assessment Project — Mathematics Assessment Resource Service: Formative Assessment Lesson - Representing Quadratic
Functions Graphically

d. Mathematics Assessment Project — Mathematics Assessment Resource Service: Formative Assessment Lesson - Sorting Equations and
Identities

e. Mathematics Assessment Project — Mathematics Assessment Resource Service: Summative Assessment Task - Sorting Functions
Two parabolas have the same x-intercepts (—2,0) and (4,0). The maximum or minimum value of the first parabola is two times the
maximum or minimum value of the other parabola. Sketch these parabolas on the same coordinate grid (Small 32).

f. Yougraphy = 6x2 + 5x + 1. Does the graph change more if you increase the 6 by 1, the 5 by 1, or the 1 by 1 (Small 33).

g. Draw a graph of a parabola that grows quickly and the graph of a parabola that grows slowly. What are the equations of these parabolas

(Small 33)?
h. Compare the roots of these three equations. What do you notice?
e 4x2—17x+4=0 6x2—37x+6=0 8x2 —65x +8 =0 Add another equation that acts the same way (Small
32).

i. Graphy =x?+4x+4andy = 4(x — 4)? — 1. Tell everything you notice about both equations and both graphs (Small 31).
j. Depth of Knowledge and assessment items:
e DOK 1 - Find the roots and maximum of the quadratic equation: y = 3(x — 4)? — 3
e DOK 2 - Create three equations for quadratics in vertex form that have roots at 3 and 5 but have different maximum and/or minimum

values.
e DOK 3 - Create a quadratic equation with the largest maximum value using the whole numbers 1 through 9, no more than one time
each. y= —[](x —[ ] ?+ []. (Kaplinsky, Robert. (2015). DOK Distinguishing Between Depth of Knowledge Levels in

Mathematics.
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Foundations in Algebra Unit 4 Title

Modeling and Analyzing Exponential Functions

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 154




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Foundations in Algebra Unit 4: Modeling and Analyzing Exponential Functions
Return to High School Overview, High School Table of Contents, or Foundations in Algebra Coversheet.

Content Standards with Clarifying Notes

FA.FLQE.1* Distinguish between situations that can be modeled with linear functions or exponential functions by recognizing situations in
which one quantity changes at a constant rate per unit interval as opposed to those in which a quantity changes by a constant percent rate
per unit interval.

o ldentify situations that display equal ratios of change over equal intervals and can be modeled with exponential functions.

o Distinguish between situations modeled with linear functions and with exponential functions when presented with a real-world

problem.

FA.FLQE.1a Prove that linear functions grow by equal differences over equal intervals and that exponential functions grow by equal factors
over equal intervals. (Note: FA.FLQE.1a is not a Graduation Standard.)

o Prior knowledge of linear functions should be utilized to activate learning of exponential functions, however the focus of this unit

should be on exponential relationships that grow by multiples.

FA.ACE.1* Create and solve equations and-heguatities in one variable that model real-world problems involving linear, quadratic, simple
ratienal; and exponential relationships. Interpret the solutions and determine whether they are reasonable. (Limit todirear-guadratic;
exponential with integer exponents.)

o Identify the variables and quantities represented in a real-world problem.

o Decide which model best represents a real-world problem (linear model, quadratic or exponential model).

O Write the equation that best models the problem.

o Solve the equation.

O Interpret the solution in the context of the problem.
FA.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales. (Limit to linear; quadratic; exponential with integer exponents; direct and indirect variation.)

o Identify the variable and quantities represented in a real-world problem.

o Decide which model best represents a real-world problem (linear model, quadratic, or exponential model).

o0 Write the equation that best models the problem.

o Establish coordinate axes using appropriate scale and label the axes.

O Graph equations on coordinate axes with appropriate labels and scales.
FA.FBF.3* Describe the effect of the transformations kf (x), f (x) + k, f (x + k), and combinations of such transformations on the graph of
y = f(x) for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its
graph. (Limit to Hnrear-guadratic-exponential with integer exponents; vertical shift and vertical stretch.)

o Explain why f(x) + k translates the original graph of f(x) up k units and why f(x) — k translates the original graph of f(x) down k
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units.
Explain why f(x + k) translates the original graph of f(x) left k units and why f (x — k)translates the original graph of f(x) right k
units.
o Describe the transformation that changed a graph of f(x) into a different graph when given pictures of the pre-image and the image.
o Determine the value of k given a graph of a transformed function.
O Graph the listed transformations when given a graph of f(x) and avalueof k [f(x) £ k, f(x £ k) and f(x + k) *+ k].
O Generate and compare examples of functions with different k values.
e FA.FIF.1 Extend previous knowledge of a function to apply to general behavior and features of a function.
e FA.FIF.1a Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of the
domain exactly one element of the range.
o Define a function as a relation in which each input (domain) has exactly one output (range).
o Determine if a graph, table, or set of ordered pairs represents a function.
O Determine if stated rules (both numeric and nonnumeric) produce ordered pairs that represent a function.
e FA.FIF.1b Represent a function using function notation and explain that f (x)denotes the output of function f that corresponds to the input
X.

o

O Recognize that when x is an element of the input of a function, f(x) represents the corresponding output of the function.
e FA.FIF.1c Understand that the graph of a function labeled as f is the set of all ordered pairs (x, y) that satisfy the equation y = f(x).
O Explain that the graph of fis the graph of the equation y = f(x).

o FA.FIF.2* Evaluate functions and interpret the meaning of expressions involving function notation from a mathematical perspective and in
terms of the context when the function describes a real-world situation.

o Decode function notation and explain how the output of a function is matched to its input. (e.g., The function f(x) = 2¥ +5
multiplies 2 input number of times and adds five to produce the output).

o Use order of operations to evaluate a function for a given domain (input) value.

O Analyze the input and output values of a function based on the context of a problem.

o Identify the real numbers that are not in the domain of a function.

O Recognize that the domain might change depending upon the context of problem.

o FA.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. (Limit
to linear; quadratic; exponential.)

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 156




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Foundations in Algebra Unit 4: Modeling and Analyzing Exponential Functions
Return to High School Overview, High School Table of Contents, or Foundations in Algebra Coversheet.

o Create a graph that matches the description and shows all of the key features of the function, if applicable, the y-intercept, x-
intercept(s), increasing interval, decreasing interval, relative minimum, relative maximum, and symmetry.
o Explain the meaning of all the key features included in a graph or verbal description.

e FA.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes. (Limit to
linear; quadratic; exponential.)

o Analyze the input and output values of a function in algebraic, graphic, tabular, and verbal forms.

e FA.FIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative;+elative-maximums-and-minimums-symmetries; and end behavior and-periedicity. Graph simple
cases by hand and use technology for complicated cases. (Limit to lreasquadratic; exponential only in the form y = a* + k.)

o Explain that the parent function for exponentials is f(x) = b* where b is a positive number.

o Determine the domain, range, and end behavior (horizontal asymptote) of an exponential function when viewing its graph.
o Classify exponential functions in function notations as growth or decay.

O Substitute convenient values for x to generate a table and graph of an exponential function.

e FA.FIF.8* Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.

(Limit to-Hrear,guadratie; exponential.)
o Distinguish between exponential functions that model exponential growth and exponential decay.
O Interpret the components of an exponential function in the context of a problem (y = 5 * 1.225%/3 describes a quantity that was
initially 5 and increases 22.5% every three years).
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New Academic Vocabulary for This Unit

e Common ratio
Compound interest
Constant percent rate
End-behavior
Exponential decay
Exponential function
Exponential growth
Half-life

Horizontal asymptote
Labels

Percent rate of change
Principal

Properties of exponents
Scale
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Prior Knowledge Required for this Unit

In earlier grades, students have developed conceptual knowledge and have had the opportunity to learn how to:

Represent any point on the coordinate plane by its coordinates (5.G.1b).

Write and evaluate numerical expressions involving whole-number exponents and positive rational number bases using the Order of
Operations (6.EEI.1).

Extend previous understanding of Order of Operations to solve multi-step real-world and mathematical problems involving rational numbers
(7.EEL3).

Understand and apply the laws of exponents (i.e. product rule, quotient rule, power to a power, product to a power, quotient to a power,
zero power property, negative exponents) to simplify numerical expressions that include integer exponents (8.EEI.1).

Extend concepts of linear equations and inequalities in one variable to more complex multi-step equations and inequalities in real-world and
mathematical situations (8.EEI.7).

Solve linear equations and inequalities with rational number coefficients that include the use of the distributive property, combining like
terms, and variables on both sides (8.EEIl.7a).

Understand that a function assigns to each input exactly one output (8.F.1a).

Relate inputs (x-values or domain) and outputs (y-values or range) to independent and dependent variables (8.F.1b).

Translate among the multiple representations of a function, including mappings, tables, graphs, equations, and verbal descriptions (8.F.1c).
Determine if a relation is a function using multiple representations, including mappings, tables, graphs, equations, and verbal descriptions
(8.F.1d).

Graph a function from a table of values. Understand that the graph and table both represent a set of ordered pairs of that function (8.F.1e).
Investigate the differences between linear and nonlinear functions using multiple representations (i.e. tables, graphs, equations, and verbal
descriptions) (8.F.3).

Recognize that the graph of a linear function has a constant rate of change (8.F.3b).

Understand that the slope is the constant rate of change and the y-intercept is the point where x = 0 (8.F.4a).

Construct a function in slope-intercept form that models a linear relationship between two quantities (8.F.4c).

Analyze and describe attributes of graphs of functions (e.g., constant, increasing/decreasing, linear/nonlinear, maximum/minimum,
discrete/continuous) (8.F.5a).

Sketch the graph of a function from a verbal description (8.F.5b).

Write a verbal description from the graph of a function with and without scales (8.F.5c).

Measuring commonly used objects and choosing proper units for measurement are part of the mathematics curriculum prior to high school.
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In high school, students experience a broader variety of units through real-world situations and modeling, along with the exploration of the
different levels of accuracy and precision of the answers. Note: Students may not realize the importance of unit conversion in conjunction
with computation when solving problems involving measurement. Since today’s calculating devices often display 8 to 10 decimal places,
students frequently express answers to a much greater degree of precision than is required.

Earlier during Foundations in Algebra, students developed conceptual knowledge and had the opportunity to learn how to:

Create and solve equations in one variable that model real-world problems involving linear (Unit 1) and quadratic (Unit 3), students will now
extend their knowledge of equations to exponential situations (FA.ACE.1*).

Create equations in two or more variables to represent linear (Unit 1 and Unit 2) and quadratic (Unit 3) relationships between quantities. As
well as, graph the equations on coordinate axes using appropriate labels, units, and scales (FA.ACE.2*).

Describe the effect of the transformations of a quadratic/parabolic parent graph (Unit 3) and write the equation of a transformed
quadratic/parabolic parent function given its graph (FA.FBF.3*).

Extend previous knowledge of a linear (Unit 2) and quadratic (Unit 3) function to apply to general behavior and features of a function
(FA.FIF.1).

Evaluate linear (Unit 2) and quadratic (Unit 3) functions and interpret the meaning of expressions involving function notation from a
mathematical perspective and in terms of the context when the function describes a real-world situation (FA.FIF.2*).

Interpret key features of a function that models the linear (Unit 2) and quadratic (Unit 3) relationship between two quantities when given in
graphical or tabular form. Sketch the graph of a function from a verbal description showing key features (FA.FIF.4%*).

Relate the domain and range of a linear (Unit 2) and quadratic (Unit 3) function to its graph and to the quantitative relationship it describes
(FA.FIF.5*).

Graph functions from their linear (Unit 2) and quadratic (Unit 3) symbolic representations. Indicate key features (FA.FIF.7%).

Translate between different but equivalent forms of a linear (Unit 2) and quadratic (Unit 3) function equation to reveal and explain different
properties of the function. (FA.FIF.8%).
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Subsequent Knowledge Related to this Unit

Foundations Unit 4 compares and contrasts linear and exponential relationships (FA.FLQE.1*).

o Will be readdressed in greater depth to include quadratic relationships in Comparing and Contrasting Functions Unit 5 (FA.FLQE.1*).
Foundations Unit 4 explores data in different representations while encouraging students to draw conclusions and to interpret and determine
the reasonableness of solutions for linear, quadratic, and exponential functions (FA.ACE.1%).

o Will be extended into Systems of Equations/Inequalities in Intermediate Algebra Unit 2 (IA.ACE.1%*).

Foundations Unit 4 applies related knowledge of linear and quadratic equations and the laws of exponents to construct and solve simple
exponential equations; as well as (FA.ACE.2*).

o Will be extended into Systems of Equations/Inequalities in Intermediate Algebra Unit 2 (IA.ACE.2*).

Foundations Unit 4 provides opportunities to use technology appropriately to explore and experiment with variations of a function,
specifically exponential models (e.g. the effect of replacing f (x) by f(x) + k, kf (x), f (kx), and f(x + k) for specific values of k (both
positive and negative), to determine the effects on the graph (FA.FBF.3*).

o Will be readdressed in Comparing and Contrasting Functions Unit 5 (FA.FBF.3*) and several more times in Intermediate (IA.FBF.3*) as

students deepen their understanding of parent functions.
Foundations Unit 4 extends previous knowledge of functions and function notation (FA.FIF.1%).
o Will be readdressed in greater depth to include linear and quadratic relationships in Comparing and Contrasting Functions Unit 5
(FA.FIF.1%).
Foundations Unit 4 employs function notation to solve real-world exponential situations (FA.FIF.2*).
o Will be readdressed in greater depth to include linear and quadratic relationships in Comparing and Contrasting Functions Unit 5
(FA.FIF.2%*).
Foundations Unit 4 deepens conceptual understanding of key features of functions including intercepts; asymptotes; intervals where
functions are increasing, decreasing, constant, positive, or negative; and end behavior (FA.FIF.4%*).
o Will be readdressed in greater depth to include linear and quadratic relationships in Comparing and Contrasting Functions Unit 5
(FA.FIF.4%).
Foundations Unit 4 expands foundational knowledge for identifying the relationship between variables (domain and range) through
contextual conditions as well as algebraic, tabular, or graphic representations of variables (FA.FIF.5%).

o Will be readdressed in greater depth to include linear and quadratic relationships in Comparing and Contrasting Functions Unit 5

(FA.FIF.5%).
Foundations Unit 4 extends and deepens understanding of functions so that they can recognize and explain how f(x) behaves at different
domain intervals (e. g. x approaches 0, x > 0, x < 0, x approaches positive or negative infinity, growth or decay by a constant percent rate)
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for any function (FA.FIF.7%*).
o Will be readdressed in greater depth to include linear and quadratic relationships in Comparing and Contrasting Functions Unit 5
(FA.FIF.7%).
e Foundations Unit 4 utilizes the multiple forms of function equations to determine and create explanations for properties of the function
(FA.FIF.8%).
o Will be extended into Radical and Rational Functions in Intermediate Algebra Unit 5 (IA.FIF.8%).
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Relationship Among Standards in this Unit

The standards in Unit 4 expand prior knowledge of integer exponents and focus on exponential functions, equations, and their applications.
Applying knowledge of exponential functions and knowledge acquired in Units 2 (linear functions) and 3 (quadratic functions), students determine
whether a function is exponential, linear, or quadratic. Students use exponential function notation to model a variety of contexts and use context
to interpret functions in specific applications. Students graph exponential functions, identify key features (intercepts; intervals where the function is
increasing, decreasing, constant, positive, or negative; asymptotes; end behavior) and use appropriate technology to investigate multiplicative
change in exponential functions and increase conceptual understanding. Analysis of graphs, verbal descriptions, and tables supports students in
creating symbolic representations of exponential functions to model a relationship between two quantities. Manipulating the variable k for specific
values, students also examine the effects on the graph on the parent function, f (x) = b*, by replacing f(x) with f(x) + k, kf (x), f (kx), and

f (x + k) for specific values of k (both positive and negative). As the unit progresses, students compare exponential models, solve exponential
equations, interpret the solutions of exponential functions, and find the value of k when given exponential graphs.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 4.

Defining Exponential Relationships (FA.FLQE.1*; FA.FIF.8%)

a.

Introduction to Exponential Behavior

Algebra 1 Lessons WCCUSD: Exponential Functions - Writing Exponential Functions Based on Data: An Introductory Lesson

Dan Meyer: Domino Skyscraper

Dan Meyer: Incredible Shrinking Dollar

Georgia Department of Education: How Long Does it Take? (page 58)
Gizmos: Drug Doses

Gizmos: Dye Elimination

GoalBook: Equivalent Exponential Expressions Teaching Strategies
[lluminations: One Grain of Rice

Illustrative Mathematics: Decaying Dice- Investigation

Illustrative Mathematics: Last Person Standing - Investigation
Illustrative Mathematics: Paper Folding - Investigation

[llustrative Mathematics: The Bank Account

Illustrative Mathematics: Valuable Quarter - Investigation

Khan Academy: Introduction to Exponential Functions

Khan Academy: How to Model a Real-World Context with an Exponential Function
LearnZillion: Explore Exponential Growth by Folding Paper
LearnZillion: Write an Exponential Decay Function

LearnZillion: Write an Exponential Growth Function

RegentsPrep: Exponential Growth and Decay

RegentsPrep: Activity for Discovering Exponential Growth and Decay
SAS Curriculum Pathways: Applications of Exponential Functions
SAS Curriculum Pathways: Properties of Exponents

VirtualNerd: What’s An Exponential Function?

VirtualNerd: What Is Exponential Growth?

Zona Land Education: Exponential Functions
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http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/ExponentialFunctionsIntro201516v1.pdf
http://mrmeyer.com/threeacts/dominoskyscraper/
http://mrmeyer.com/threeacts/shrinkingdollar/
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
https://www.explorelearning.com/index.cfm?method=cResource.dspDetail&resourceID=525
https://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=516
https://goalbookapp.com/toolkit/goal/equivalent-exponential-expressions
http://illuminations.nctm.org/Lesson.aspx?id=2497
https://www.illustrativemathematics.org/content-standards/tasks/2130
https://www.illustrativemathematics.org/content-standards/tasks/2119
https://www.illustrativemathematics.org/content-standards/tasks/2114
https://www.illustrativemathematics.org/content-standards/tasks/390
https://www.illustrativemathematics.org/content-standards/tasks/1421
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/exponential-growth-functions
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/constructing-basic-exponential-models/v/modeling-ticket-fines-with-exponential-function
https://learnzillion.com/lesson_plans/579
https://learnzillion.com/lesson_plans/7993#fndtn-lesson
https://learnzillion.com/lesson_plans/5773
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayL.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayR.htm
https://www.sascurriculumpathways.com/portal/Launch?id=5064
https://www.sascurriculumpathways.com/portal/Launch?id=5061
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions/function-definition
http://www.virtualnerd.com/tutorials/?id=Alg1_06_02_0018
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/exponentialFunctions.html
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b. Distinguish between Linear and Exponential Relationships

GoalBook: Linear and Exponential Functions Teaching Strategies

Illustrative Mathematics: Boiling Water - Investigation

Illustrative Mathematics: Finding Linear and Exponential Models

Illustrative Mathematics: Do Two Points Always Determine an Exponential Function?
Khan Academy: How to Construct Linear and Basic Exponential Functions From a Table of Values
Khan Academy: How to Construct Linear and Exponential Functions From Their Graphs
Khan Academy: How to Distinguish Between Linear and Exponential Models

LearnZillion: Determining if a Relationship Between Two guantities is Exponential
LearnZillion: Distinguish between Linear and Exponential Functions by Examining Intervals
Mathematics Assessment Project: Representing Linear and Exponential Growth
VirtualNerd: How Do You Identify Exponential Behavior From a Pattern in the Data?

Solving Exponential Equations and Functions (FA.ACE.1*; FA.ACE.2*; FA.FIF.1a; FA.FIF.1b; FA.FIF.2*)

a.

Writing and Evaluating Exponential Functions utilizing Function Notation
Georgia Department of Education: The Marvel of Medicine (page 36)
Illustrative Mathematics: Carbon 14 Dating

LearnZillion: Create and Solve Exponentials using Functions

LearnZillion: Determine Population using an Exponential Model
VirtualNerd: What's a Function?

VirtualNerd: How Do You Evaluate an Exponential Function?
VirtualNerd: How Do You Solve a Problem With Exponential Growth?
Zona Land Education: Compound Interest

Solving Simple Exponential Equations

Algebra 1 Lessons WCCUSD: Solving Exponential Equations
Illuminations: Predicting Your Financial Future

LearnZillion: Create and Solve Exponentials using a Table of Values
LearnZillion: Solve Exponential Equations using Properties of Exponents
Monterey Institute: Introduction to Exponential Functions (Text)
Monterey Institute: Introduction to Exponential Functions (Video & Lesson)
Khan Academy: Solving Basic Exponential Models
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https://goalbookapp.com/toolkit/goal/linear-and-exponential-functions
https://www.illustrativemathematics.org/content-standards/tasks/1592
https://www.illustrativemathematics.org/content-standards/tasks/1910
https://www.illustrativemathematics.org/content-standards/tasks/567
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/constructing-linear-and-exponential-functions-from-data
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/constructing-linear-and-exponential-functions-from-graph
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/v/linear-exponential-models
https://learnzillion.com/lesson_plans/6241
https://learnzillion.com/lesson_plans/4995
http://map.mathshell.org/download.php?fileid=1732
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/modeling/modeling-exponentials/identify-from-data
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
https://www.illustrativemathematics.org/content-standards/tasks/758
https://learnzillion.com/lesson_plans/7404
https://learnzillion.com/lesson_plans/6763
http://www.virtualnerd.com/algebra-2/linear-equations-functions/relations-functions/functions/standard-form-definition
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/exponential-function/identify-and-evaluate/evaluate
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/growth-word-problem.php
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/compoundInterest.html
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/SolveExponentialEquationsv1.pdf
http://illuminations.nctm.org/Lesson.aspx?id=2765
https://learnzillion.com/lesson_plans/7413
https://learnzillion.com/lesson_plans/4811
http://www.montereyinstitute.org/courses/DevelopmentalMath/COURSE_TEXT2_RESOURCE/U18_L1_T1_text_container.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/solving-basic-exponential-models
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Graphing Exponential Functions (FA.FBF.3*; FA.FIF.1c; FA.FIF.4*; FA.FIF.5%; FA.FIF.7*)

a. Transformations of the Parent Function
Algebra 1 Lessons WCCUSD: Graphing Exponential Functions
Georgia Department of Education: Compare/Contrast: Exponential Functions (page 16)
Georgia Department of Education: Graphic Organizer: Graphing Transformations (page 1)
Georgia Department of Education: High Functioning! (page 46)
Gizmos: Introduction to Exponential Functions
Illustrative Mathematics: Identifying Exponential Graphs - Investigation
LearnZillion: Construct an Exponential Model to Approximate Data by Using Technology
LearnZillion: Shift Exponential and Logarithmic Functions (Great Visual - Stop Lesson Prior to Logarithms)
LearnZillion: Determine the End Behavior of an Exponential
LearnZillion: Model Exponential Growth - Drawing Graphs and Writing Equations
MathBitsNotebook: Features of Exponential Functions
RegentsPrep: Transforming Functions
RegentsPrep: Ideas for Working With Transformations
RegentsPrep: Using Transformations to Investigate Functions
Zona Land Education: Transform f(x) = 2*

b. Graph Given the Equation
Gizmos: Exponential Growth and Decay
Khan Academy: How to Graph an Exponential Function Given its Formula
LearnZillion: Create and Graph Exponentials Using Functions
LearnZillion: Graph an Exponential Function
LearnZillion: Graph Exponential Decay Functions
LearnZillion: Graph Exponential Growth Functions
LearnZillion: Understanding Exponential Functions by Graphing
SAS Curriculum Pathways: Graphing Exponential Functions
VirtualNerd: How Do You Graph an Exponential Function Using a Table?
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http://www.wccusd.net/Page/3224
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
https://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=135
https://www.illustrativemathematics.org/content-standards/tasks/2115
https://learnzillion.com/lesson_plans/108
https://learnzillion.com/lesson_plans/6116#fndtn-lesson
https://learnzillion.com/lesson_plans/8577
https://learnzillion.com/lesson_plans/8194
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponential.html
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson1.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funcresource.htm
http://regentsprep.org/Regents/math/algtrig/ATP9/funclesson.htm
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/transform2ToTheX/transform2ToTheX.html
https://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=105
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/v/graphing-exponential-functions
https://learnzillion.com/lesson_plans/6955
https://learnzillion.com/lesson_plans/6535#fndtn-description
https://learnzillion.com/lesson_plans/5925
https://learnzillion.com/lesson_plans/7119
https://learnzillion.com/lesson_plans/941
https://www.sascurriculumpathways.com/portal/Launch?id=5063
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions/graphing-with-tables
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Resources

Application Resources (Downloadable Lessons, Video, Applets, and Online Algebra Notes)

Georgia Department of Education: Unit 4: Modeling and Analyzing Exponential Functions

Georgia Department of Education: Mathematics Teacher Support

Gizmos: Resource Catalog

GoalBook: Tool Kit

Hippocampus: Algebra & Geometry - Presentations, Worked Examples, Test Prep & Simulations

Illuminations: Resources For Teaching Math

Illustrative Mathematics: High School Content Lesson Index

IXL Learning: Algebra 1 Practice

Khan Academy: Algebra 1 - Introduction to Exponential Functions

LearnZillion: Algebra Math Video Lessons

MathBitsNotebook: Algebra 1

Mathematics Assessment Project — Mathematics Assessment Resource Service: Classroom Challenges (Formative Assessment Lessons)
. Mathematics Assessment Project — Mathematics Assessment Resource Service: Guide for Teachers and Administrators

Monterey Institute: Intermediate Algebra

PBS Learning Media: Mathline

Quia: Mathematics Shared Activities

Regents Exam Prep Center: Algebra

SAS Curriculum Pathways: SAS Algebra 1 Course — Unit 4

VirtualNerd: Exponential Functions

West Contra Costa Unified School District: Algebra 1 Lessons

Zona Land Education: Index of Zona Land Education Topics

CMY ST OS3ITATTISOR ™0 Q0 T

Dictionaries, Calculators, and Templates
a. Alcula: Online Linear Regression Calculator
b. Zona Land Education: Compound Interest Calculator
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https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog#grades
https://goalbookapp.com/toolkit-info/
http://www.hippocampus.org/Algebra%20%26%20Geometry?view=Media
http://illuminations.nctm.org/
https://www.illustrativemathematics.org/content-standards/HS
https://www.ixl.com/math/algebra-1
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions
https://learnzillion.com/resources/75023-algebra-math-video-lessons
http://mathbitsnotebook.com/Algebra1/Algebra1.html
http://map.mathshell.org/background.php
http://map.mathshell.org/guides/map_cc_teacher_guide.pdf
http://moodle.montereyinstitute.org/course/view.php?id=11
http://www.pbslearningmedia.org/search/?q=&selected_facets=supplemental_curriculum_hierarchy_nodes%3A1184&selected_facets=
http://www.quia.com/shared/mathematics/
http://www.regentsprep.org/regents/math/algebra/math-ALGEBRA.htm
https://www.sascurriculumpathways.com/portal/mobile/algebra1/start.html
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions
http://www.wccusd.net/Page/3224
http://zonalandeducation.com/theIndex/theIndex.html
http://www.alcula.com/calculators/statistics/linear-regression/
http://zonalandeducation.com/mmts/functionInstitute/exponentialFunctions/compoundInterest.html#calculator
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Teaching Strategies

a.

® oo o

Creative Educator: Authentic Tasks - Write a Great Authentic Task
Creative Educator: Project-Based Learning

Illustrative Mathematics: Illustrative Mathematics Homepage
Math Video Instructional Development Source: Authentic Contexts
Power Up What Works: Math Strategies that Work Research
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http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
https://www.illustrativemathematics.org/
https://www.illustrativemathematics.org/
http://fcit.usf.edu/mathvids/strategies/ac.html
http://fcit.usf.edu/mathvids/strategies/ac.html
http://powerupwhatworks.org/resource/research-math-practices
http://powerupwhatworks.org/resource/research-math-practices
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Sample Formative Assessment Tasks/Questions

Defining Exponential Relationships (FA.FLQE.1*; FA.FIF.8%*)
GoalBook: Equivalent Exponential Expressions
GoalBook: Linear and Exponential Functions
IXL: Describe Linear and Exponential Growth and Decay
IXL: Exponential Functions Over Unit Intervals
Khan Academy: Construct Basic Exponential Functions
Khan Academy: Construct Exponential Functions Given the Graph
Khan Academy: Distinguish Between Linear and Exponential Models
Illustrative Mathematics: Allergy Medication- Performance Task
Illustrative Mathematics: Boom Town - Performance Task
Illustrative Mathematics: Exponential Parameters - Performance Task
Illustrative Mathematics: Exponential Growth Versus Linear Growth
[llustrative Mathematics: Linear or Exponential?

. lllustrative Mathematics: Solving Problems with Linear and Exponential Models - Performance Task
IXL: Evaluate an Exponential Function (Using Function Notation)
MathBitsNotebook: Exponential Growth and Decay
Mathematics Assessment Project: Linear and Exponential Models
Mathematics Assessment Project: Multiplying Cells
SAS Curriculum Pathways: Applications of Exponential Functions (Practice Tab)
SAS Curriculum Pathways: Properties of Exponents (Practice Tab)

o mevosgzTATTsm o o0 oo

Solvmg Exponential Equations and Functions (FA.ACE.1*; FA.ACE.2*; FA.FIF.1a; FA.FIF.1b; FA.FIF.2¥)
Monterey Institute: Introduction to Exponential Functions (Practice & Review Tabs)
Illustrative Mathematics: All Your Base Are Belong to Us - Performance Task

Illustrative Mathematics: DDT-cay- Performance Task

Illustrative Mathematics: Predicting the Past - Performance Task

Illustrative Mathematics: Uranium 238 - Performance Task

IXL: Exponential Growth and Decay: Word Problems

RegentsPrep: Practice with Exponential Equations and Graphs

RegentsPrep: Practice with Applied Exponential Growth/Decay

S 0 Q0 oo
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https://goalbookapp.com/toolkit/goal/equivalent-exponential-expressions
https://goalbookapp.com/toolkit/goal/linear-and-exponential-functions
https://www.ixl.com/math/algebra-1/describe-linear-and-exponential-growth-and-decay
https://www.ixl.com/math/algebra-1/exponential-functions-over-unit-intervals
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/e/construct-basic-exponential-functions-from-initial-value-and-common-ratio
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/e/construct-basic-exponential-functions-from-table-or-graph
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/e/understanding-linear-and-exponential-models
https://www.illustrativemathematics.org/content-standards/tasks/2125
https://www.illustrativemathematics.org/content-standards/tasks/2126
https://www.illustrativemathematics.org/content-standards/tasks/2116
https://www.illustrativemathematics.org/content-standards/tasks/366
https://www.illustrativemathematics.org/content-standards/tasks/629
https://www.illustrativemathematics.org/content-standards/tasks/1911
https://www.ixl.com/math/algebra-1/evaluate-an-exponential-function
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeGrowthDecayPractice.html
http://map.mathshell.org/tasks.php?unit=HN08&collection=9
http://www.map.mathshell.org/tasks.php?collection=9&unit=HA20
https://www.sascurriculumpathways.com/portal/Launch?id=5064
https://www.sascurriculumpathways.com/portal/Launch?id=5061
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
https://www.illustrativemathematics.org/content-standards/tasks/2129
https://www.illustrativemathematics.org/content-standards/tasks/2128
https://www.illustrativemathematics.org/content-standards/tasks/2127
https://www.illustrativemathematics.org/content-standards/tasks/1909
https://www.ixl.com/math/algebra-1/exponential-growth-and-decay-word-problems
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayEP.htm
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayP.htm
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Graphs of Exponential Functions (FA.FBF.3*; FA.FIF.1c; FA.FIF.4*; FA.FIF.5*; FA.FIF.7%*)
a. lllustrative Mathematics: Exponential Functions

IXL: Match Exponential Functions and Graphs

Khan Academy: Graphs of Basic Exponential Functions

MathBitsNotebook: Practice Page - Exponential Functions

Quia: Exponential Graphs

RegentsPrep: Working with Transformations and Functions (Practice)

g. SAS Curriculum Pathways: Graphing Exponential Functions (Practice Tab)

moao0o

Exponential Unit
a. Georgia Department of Education: Growing by Leaps and Bounds (page 67)
b. PBS Mathline: Rhinos and M&Ms
c. Quia: Exponential Decay Functions Quiz
d. Quia: Exponential Growth Functions Quiz
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https://www.illustrativemathematics.org/content-standards/tasks/351
https://www.ixl.com/math/algebra-1/match-exponential-functions-and-graphs
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/e/graphs-of-basic-exponential-functions
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponentialPractice.html
http://www.quia.com/pa/32878.html?AP_rand=296736147
http://regentsprep.org/Regents/math/algtrig/ATP9/funcprac.htm
https://www.sascurriculumpathways.com/portal/Launch?id=5063
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
http://www-tc.pbs.org/teachers/mathline/lessonplans/pdf/hsmp/rhinos.pdf
http://www.quia.com/quiz/4000842.html?AP_rand=1384353979
http://www.quia.com/quiz/4000841.html?AP_rand=199367152

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
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Foundations in Algebra Unit 5 Title

Comparing and Contrasting Functions

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes

FA.FLQE.1* Distinguish between situations that can be modeled with linear functions or exponential functions by recognizing situations in
which one quantity changes at a constant rate per unit interval as opposed to those in which a quantity changes by a constant percent rate
per unit interval.
o Define linear function y = mx + b and exponential function y = a* + k.
FA.FLQE.1a Prove that linear functions grow by equal differences over equal intervals and that exponential functions grow by equal factors
over equal intervals. (Note: FA.FLQE.1a is not a Graduation Standard.)
o Demonstrate that a linear function has a constant rate of change (slope).
o Demonstrate that an exponential function has a constant multiplier (common ratio) over equal intervals.
FA.FLQE.3* Observe using graphs and tables that a quantity increasing exponentially eventually exceeds a quantity increasing linearly,
guadratically, or more generally as a polynomial function.
O Use graphs or tables to compare the output values of linear, quadratic, and exponential functions.
o Estimate the intervals for which the output of one function is greater than the output of another function when given a table or
graph.
o Use technology to find the point at which the graphs of two functions intersect.
O Use the points of intersection to precisely describe the intervals for which the output of one function is greater than the output of
another function.
O Use graphs or tables to compare the rates of change of linear, quadratic, and exponential functions.
o Explain why exponential functions eventually have greater output values than linear and quadratic functions by comparing simple
functions of each type.
FA.FLQE.5* Interpret the parameters in a linear erexpenential function in terms of the context. (Limit to linear.)
o Identify the names and definitions of parameters m and b in the linear function f(x) = mx + b.
O Explain the meaning (using appropriate units) of the slope of a line when the line models a real-world relationship.
O Explain the meaning (using appropriate units) of the y-intercept of a line when the line models a real-world relationship.
FA.FBF.3* Describe the effect of the transformations kf (x), f (x) + k, #&—+3); and combinations of such transformations on the graph of
y = f(x) for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its
graph. (Limit to linear; quadratic; exponential with integer exponents; vertical shift and vertical stretch.)
o Explain why f(x) + k translates the original graph of f(x) up k units and why f(x) — k translates the original graph of f(x) down k
units.
o Describe the transformation that changed a graph of f(x) into a different graph when given pictures of the pre-image and the image.
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o Determine the value of k given a graph of a transformed function.
o Graph the listed transformations when given a graph of f(x) and avalue of k [f (kx) + k, and kf (x) £ k].
o Generate and compare examples of functions with different k values.

e FAFIF.1* Extend previous knowledge of a function to apply to general behavior and features of a function.

e FA.FIF.1a Understand that a function from one set (called the domain) to another set (called the range) assigns to each element of the
domain exactly one element of the range.

o Define a function as a relation in which each input (domain) has exactly one output (range).
o Determine if a graph, table, or set of ordered pairs represents a function.
o Determine if stated rules (both numeric and nonnumeric) produce ordered pairs that represent a function.

e FA.FIF.1b Represent a function using function notation and explain that f(x) denotes the output of function f that corresponds to the input
X.

o Recognize that when x is an element of the input of a function, f (x) represents the corresponding output of the function.
e FAFIF.1c Understand that the graph of a function labeled as f is the set of all ordered pairs (x, y) that satisfy the equation y = f(x).
o Explain that the graph of fis the graph of the equation y = f(x).
e FA.FIF.2* Evaluate functions and interpret the meaning of expressions involving function notation from a mathematical perspective and in
terms of the context when the function describes a real-world situation.
o Use order of operations to evaluate a function for a given domain (input) value.
o Analyze the input and output values of a function based on the context of a problem.
o ldentify the real numbers that are not in the domain of a function.
o Recognize that the domain might change depending upon the context of problem.

e FA.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries; end behavior and-periodicity. (Limit
to linear; quadratic; exponential.)

o Create a graph that matches the description and shows all of the key features of the function, if applicable, the y-intercept, x-
intercept(s), increasing interval, decreasing interval, relative minimum, relative maximum, and symmetry.
o Explain the meaning of all the key features included in a graph or verbal description.

e FA.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes. (Limit to
linear; quadratic; exponential.)

o Analyze the input and output values of a function in algebraic, graphic, tabular, and verbal forms.
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e FA.FIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior ard-periodicity. Graph simple
cases by hand and use technology for complicated cases. (Limit to linear; quadratic; exponential only in the form y = a* + k.)

o Explain that the parent function for exponentials is f(x) = a*where a is a positive number.

o Determine the domain, range, and end behavior (horizontal asymptote) of an exponential function when examining the graph.
o Classify exponential functions in function notation as growth or decay.

o Substitute convenient values for x to create a table and graph of an exponential function.

e FA.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal. (Limit to
linear; quadratic; exponential.)

o Provide insight into the properties of linear, quadratic, and exponential functions by comparing different representations of two
functions.
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New Academic Vocabulary for This Unit

e Parameter

e Parent Function

e Transformation

e Vertical Shift/Translation
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Prior Knowledge Required for this Unit

In earlier grades, students have developed conceptual knowledge and have had the opportunity to learn how to:

Understand and apply the laws of exponents (i.e. product rule, quotient rule, power to a power, product to a power, quotient to a power,
zero power property, negative exponents) to simplify numerical expressions that include integer exponents (8.EEI.1).

Extend concepts of linear equations and inequalities in one variable to more complex multi-step equations and inequalities in real-world and
mathematical situations (8.EEI.7).

Solve linear equations and inequalities with rational number coefficients that include the use of the distributive property, combining like
terms, and variables on both sides (8.EEIl.7a).

Understand that a function assigns to each input exactly one output (8.F.1a).

Relate inputs (x-values or domain) and outputs (y-values or range) to independent and dependent variables (8.F.1b).

Translate among the multiple representations of a function, including mappings, tables, graphs, equations, and verbal descriptions (8.F.1c).
Determine if a relation is a function using multiple representations, including mappings, tables, graphs, equations, and verbal descriptions
(8.F.1d).

Graph a function from a table of values. Understand that the graph and table both represent a set of ordered pairs of that function (8.F.1e).
Investigate the differences between linear and nonlinear functions using multiple representations (i.e. tables, graphs, equations, and verbal
descriptions) (8.F.3).

Recognize that the graph of a linear function has a constant rate of change (8.F.3b).

Understand that the slope is the constant rate of change and the y-intercept is the point where x = 0 (8.F.4a).

Construct a function in slope-intercept form that models a linear relationship between two quantities (8.F.4c).

Analyze and describe attributes of graphs of functions (e.g., constant, increasing/decreasing, linear/nonlinear, maximum/minimum,
discrete/continuous) (8.F.5a).

Sketch the graph of a function from a verbal description (8.F.5b).

Write a verbal description from the graph of a function with and without scales (8.F.5c).

Measuring commonly used objects and choosing proper units for measurement are part of the mathematics curriculum prior to high school.

Furthermore, earlier during Foundations in Algebra, students developed conceptual knowledge and had the opportunity to learn how to:

Distinguish between situations that can be modeled with linear functions or exponential functions (Unit 4) (FA.FLQE.1%*).
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e Prove that linear functions grow by equal differences over equal intervals and that exponential functions grow by equal factors over equal
intervals (Unit 4) (FA.FLQE.1a).

e Interpret the meanings of coefficients of linear relationships (Unit 1) based on their real-world contexts (FA.ASE.1*).

e Describe the effect of the transformations of a quadratic (Unit 3)/exponential (Unit 4) parent graph and write the equation of a transformed
quadratic/exponential parent function given its graph (FA.FBF.3*).

e Extend previous knowledge of a linear (Unit 2), quadratic (Unit 3), and exponential (Unit 4) function to apply to general behavior and
features of a function (FA.FIF.1).

e Evaluate linear (Unit 2), quadratic (Unit 3), and exponential (Unit 4) functions and interpret the meaning of expressions involving function
notation from a mathematical perspective and in terms of the context when the function describes a real-world situation (FA.FIF.2*).

e Interpret key features of a function that models the linear (Unit 2), quadratic (Unit 3), or exponential (Unit 4) relationship between two
guantities when given in graphical or tabular form. Sketch the graph of a function from a verbal description showing key features (FA.FIF.4*).

e Relate the domain and range of a linear (Unit 2), quadratic (Unit 3), or exponential (Unit 4) function to its graph and to the quantitative
relationship it describes (FA.FIF.5%*).

e Graph functions from their linear (Unit 2), quadratic (Unit 3), or exponential (Unit 4) symbolic representations. Indicate key features of the
graphs (FA.FIF.7*).

e Compare properties of two linear (Unit 2) or quadratic (Unit 3) functions given in different representations (FA.FIF.9%).
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Subsequent Knowledge Related to this Unit

e Foundations Unit 5 compares and contrasts linear and exponential relationships (FA.FLQE.1*).

o Will be needed in order to analyze scatterplots to apply a linear, quadratic or exponential model of best fit next unit (Unit 6)
(FA.SPID.6*).

e Foundations Unit 5 creates opportunities for students to utilize tables and graphs to observe linear, quadratic, and exponential growth
(FA.FLQE.3*).

o Will be essential to the analysis of bivariate categorical data using two-way tables in the Describing Data Unit 6 (FA.SPID.5%*).

e Foundations Unit 5 interprets the parameters of a linear function in terms of the context (FA.FLQE.5*).

o Will be crucial when asked to interpret the meaning of the slope and intercept(s) in the context of a real-world problem during Unit 6
(FA.SPID.7*).
o Will, also, be extended to understanding exponential parameters in Intermediate Algebra Unit 6 (IA.FLQE.5*).

e Foundations Unit 5 explores the appropriate use of technology to experiment with variations of linear, quadratic and exponential functions
(e.g. the effect of replacing f(x) by f(x) + k, kf (x), and f (kx)for specific values of k (both positive and negative), to determine the effects
on the graph (FA.FBF.3%*).

o Will be readdressed several more times in Intermediate Algebra (Units 1, 4, 5, and 6) as students continue to deepen their
understanding of the nature of parent functions and extend into horizontal shifts (IA.FBF.3%*).

e Foundations Unit 5 extends previous knowledge of functions and function notation (FA.FIF.1*) and employs function notation to solve real-
world linear, quadratic and exponential situations (FA.FIF.2*).

o Will be utilized (almost exclusively) to express a function throughout the remainder of the student’s mathematics coursework.

e Foundations Unit 5 connects conceptual understanding of key features of linear, quadratic and exponential functions including intercepts;

asymptotes; extrema; intervals where functions are increasing, decreasing, constant, positive, or negative; and end behavior (FA.FIF.4*).
o Will be readdressed in Intermediate Algebra Quadratics (Unit 4) and Exponential (Unit 6) (IA.FIF.4*).
o Will be extended to radical/rational functions in Intermediate Algebra Unit 5 (IA.FIF.4%*).

e Foundations Unit 5 expands foundational knowledge for identifying the relationship between variables (domain and range) through
contextual conditions as well as algebraic, tabular, or graphic representations of variables (FA.FIF.5%).

o Will be readdressed in Intermediate Algebra Quadratics (Unit 4) and Exponential (Unit 6) (IA.FIF.4%*).
o Will be extended to radical/rational functions in Intermediate Algebra Unit 5 (IA.FIF.4%).

e Foundations Unit 5 extends and deepens understanding of functions so that they can recognize and explain how f(x) behaves at different
domain intervals for any function (FA.FIF.7%*).

o Will be extended to include piecewise/absolute value functions in Intermediate Algebra Unit 1 and radical/rational functions in
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Intermediate Algebra Unit 5 (IA.FIF.7%*).
e Foundations Unit 5 asks students to compare properties of functions given in different representations (FA.FIF.9%*).
o Will be investigated further during Intermediate Algebra Unit 1 for absolute value/piece-wise functions and again in Unit 4 for
guadratic relationships (IA.FIF.9%).
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Relationship Among Standards in this Unit

Many of the standards taught in Unit 5 have previously been addressed during Foundations in Algebra Units 1, 2, 3, and 4. The purpose of revisiting
these standards is to dig deeper into the similarities and differences of linear, quadratic and exponential functions. Constructing, comparing,
distinguishing between, interpreting and analyzing linear, quadratic and exponential situations in context will expand students’ conceptual
understanding of these relationships. The application of these parent function graphs and utilization of function notation are essential to success in
future mathematics coursework. Special emphasis should be given to proving that linear functions have additive change while exponential functions
have multiplicative change; observing that exponential growth will ultimately exceed linear/quadratic growth; and interpretation of the real-world
parameters of a linear function; as these are the only three standards that have not been previously addressed in Foundations in Algebra.

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 180




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Foundations in Algebra Unit 5: Comparing and Contrasting Functions
Return to High School Overview, High School Table of Contents, or Foundations in Algebra Coversheet.

Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 5.

Distinguish Between Situations That Can Be Modeled With Linear, Quadratic or Exponential Functions (FA.FLQE.1*; FA.FLQE.1a; FA.FLQE.3*;
FA.FLQE.5*; FA.FIF.9%)

a. Interpret Parameters of Linear Functions in Context
BetterLesson: Interpret the Parameters in a Linear Function (52 Lesson Plans)
BetterLesson: Recognize Situations in Which One Quantity Changes at a Constant Rate Per Unit (19 Lesson Plans)
Emergent Math: U-Haul Linear Problem
KhanAcademy: Modeling with Linear Functions and Equations
LearnZillion: Compare Linear and Non-Linear Functions
LearnZillion: Prove that Linear Functions Grow by Equal Differences over Equal Intervals
Math Education Page: Make These Designs
Musing Mathematically: Relation Stations
National Math + Science Initiative: Fill It Up, Please — Part |ll
National Security Agency: Modeling Linear Relationships
SAS Curriculum Pathways: 3-1: Comparing Rates of Change (Get Ready, Learn & Review)

b. Quadratic Relationships
Algebra 1 Lessons WCCUSD: Quadratics - Matching Game
Algebra 1 Lessons WCCUSD: Quadratic Equations - What We Know
Better Lessons: Modeling With Quadratic Functions
DY/Dan: Will It Hit the Hoop?
LearnZillion: Create Quadratic Functions
Mathalicious: Fall of Javert
Musing Mathematically: Connecting Quadratic Representations
Finding Ways: When | Got Them to Beg!
VirtualNerd: What is a Quadratic Function?

c. Exponential Function Factors
BetterLesson: Recognize Situations In Which a Quantity Grows or Decays by a Percent Rate Per Unit (16 Lesson Plans)
KhanAcademy: How to Construct Linear or Exponential Functions From a Table or a Graph
LearnZillion: Prove Exponential Functions Grow by Equal Factors over Equal Intervals
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http://betterlesson.com/common_core/browse/675/ccss-math-content-hsf-le-b-5-interpret-the-parameters-in-a-linear-or-exponential-function-in-terms-of-a-context?from=domain_core_lesson_count
http://betterlesson.com/common_core/browse/678/ccss-math-content-hsf-le-a-1b-recognize-situations-in-which-one-quantity-changes-at-a-constant-rate-per-unit-interval-relative-t?from=domain_core_lesson_count
http://emergentmath.com/2011/05/11/u-haul-linear-systems-problem-updated-and-improved/
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/e/constructing-linear-functions-word-problems
https://learnzillion.com/lesson_plans/8701
https://learnzillion.com/lesson_plans/5537-prove-that-linear-functions-grow-by-equal-differences-over-equal-intervals
http://www.mathedpage.org/calculator/make-these/index.html
http://musingmathematically.blogspot.ca/2013/02/relation-stations.html
http://www.nms.org/Portals/0/Docs/FreeLessons/Fill%20It%20Up,%20Please%20-%20Part%20III.pdf
https://www.nsa.gov/academia/_files/collected_learning/Modeling_Linear_Relationships.pdf
https://www.sascurriculumpathways.com/portal/Launch?id=5041
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://betterlesson.com/lesson/558828/modeling-with-quadratic-functions
http://blog.mrmeyer.com/2010/wcydwt-will-it-hit-the-hoop/
https://learnzillion.com/lesson_plans/6948
http://www.mathalicious.com/lessons/the-fall-of-javert
http://musingmathematically.blogspot.ca/2015/05/connecting-quadratic-representations.html
http://fawnnguyen.com/got-beg/
http://www.virtualnerd.com/algebra-1/quadratic-equations-functions/graphing/graph-basics/quadratic-function-definition
http://betterlesson.com/common_core/browse/680/ccss-math-content-hsf-le-a-1c-recognize-situations-in-which-a-quantity-grows-or-decays-by-a-constant-percent-rate-per-unit-inter?from=domain_core_container
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/v/constructing-linear-and-exponential-functions-from-data
https://learnzillion.com/lesson_plans/5552-prove-exponential-functions-grow-by-equal-factors-over-equal-intervals
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MathBitsNotebook: Exponential Functions
Monterey Institute: Introduction to Exponential Functions
National Security Agency: Exponents and Exponential Functions
Virtual Nerd: How Do You Identify Exponential Behavior From a Pattern in.the Data?
d. Recognizing Differences in Models
Algebra 1 Lessons WCCUSD: Comparing Linear and Quadratic Functions
BetterLesson: Distinguish Between Situations That Can Be Modeled with Linear, Exponential and Quadratic Functions (78 Lesson Plans)
BetterLesson: Linear, Exponential, or Quadratic? (Lesson Plan)
CK-12: Linear, Exponential, and Quadratic Models (by Table Values)
Dan Meyer: Double Sunglasses
Dan Meyer: Pixel Pattern
Georgia Department of Education: Compare/Contrast: Linear, Quadratic, and Exponential Functions (Page 14)
Georgia Department of Education: Comparing Linear, Quadratic, and Exponential Models Graphically Learning Task (page 37)
[lluminations: Modeling Orbital Debris Problems
[llustrative Mathematics: Do Two Points Always Determine a Linear Function?
[llustrative Mathematics: Identifying Functions
[llustrative Mathematics: Population and Food Supply
[llustrative Mathematics: What Functions Do Two Graph Points Determine?
KhanAcademy: How to Compare the Growth of an Exponential Model and a Quadratic Model
KhanAcademy: How to Distinguish Between Linear and Exponential Models
LearnZillion: Determine Which of 2 Growing Quantities Will Eventually Exceed the Other
LearnZillion: Distinguish Between Linear and Exponential Functions by Examining Intervals
LearnZillion: Distinguish Between Linear and Quadratic Expressions
LearnZillion: Distinguish Between Linear Functions and Exponential Functions
Mathematics Assessment Project: Table Tiling
National Security Agency: Discovering Different Types of Functions
National Security Agency: Matchstick Math — Using Manipulatives to Model Linear, Quadratic and Exponential Growth
National Security Agency: Strike a Pose — Modeling In The Real World
PBS Learning Media: Comparing Exponential, Quadratic and Linear Functions
RegentsPrep: Comparing Models
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http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponential.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
https://www.nsa.gov/academia/_files/collected_learning/high_school/algebra/exponents_exponential_functions.pdf
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/exponential-function/identify-and-evaluate/identify-from-data
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/CompareLinearAndQuadraticFunctionsV1.pdf
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/CompareLinearAndQuadraticFunctionsV1.pdf
http://betterlesson.com/common_core/browse/671/ccss-math-content-hsf-le-a-1-distinguish-between-situations-that-can-be-modeled-with-linear-functions-and-with-exponential-funct?from=domain_core_lesson_count
http://betterlesson.com/lesson/551284/linear-exponential-or-quadratic
http://www.ck12.org/algebra/Linear-Exponential-and-Quadratic-Models/lesson/Linear-Exponential-and-Quadratic-Models/?referrer=featured_content
http://threeacts.mrmeyer.com/doublesunglasses/
http://threeacts.mrmeyer.com/pixelpattern/
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-5.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-5.pdf
http://illuminations.nctm.org/Lesson.aspx?id=1386
https://www.illustrativemathematics.org/content-standards/tasks/377
https://www.illustrativemathematics.org/content-standards/tasks/238
https://www.illustrativemathematics.org/content-standards/tasks/645
https://www.illustrativemathematics.org/content-standards/tasks/376
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/v/comparing-exponentials-quadratics
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/v/linear-exponential-models
https://learnzillion.com/lesson_plans/7985-determine-which-of-2-growing-quantities-will-eventually-exceed-the-other
https://learnzillion.com/lesson_plans/4995
https://learnzillion.com/lesson_plans/6431
https://learnzillion.com/resources/72425-distinguish-between-linear-functions-and-exponential-functions
http://map.mathshell.org/tasks.php?unit=HE11&collection=9&redir=1
https://www.nsa.gov/academia/_files/collected_learning/high_school/algebra/discovering_different_types_of_functions.pdf
https://www.nsa.gov/academia/_files/collected_learning/high_school/algebra/matchstick_math.pdf
https://www.nsa.gov/academia/_files/collected_learning/high_school/algebra/strike_a_pose.pdf
http://www.pbslearningmedia.org/resource/mgbh.math.f.grapher/comparing-exponential-quadratic-and-linear-functions/
http://www.regentsprep.org/regents/math/algtrig/ats4/ScatterTrends.htm
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SAS Curriculum Pathways: 9-4: Linear, Exponential, and Quadratic Models (Get Ready, Learn & Review)
Sophia: Comparing Linear, Quadratic, and Exponential Functions

YouTube: Determining if a Table is Linear, Quadratic or Exponential

YummyMath: Done with the leaves...now for the snow

YummyMath: Snow Days

Evaluating Linear, Quadratic and Exponential Functions (FA.FIF.1*; FA.FIF.1a; FA.FIF.1b; FA.FIF.2)
a. Function Notation (FA.FIF.1%)
KhanAcademy: Functions and Function Notation
Illustrative Mathematics: The Customers
Illustrative Mathematics: Points on a Graph (using Function Notation)
Illustrative Mathematics: Using Function Notation
Virtual Nerd: What is Function Notation?
Zona Land Education: The Function Institute
b. Evaluating Functions
Algebra 1 Lessons WCCUSD: Evaluating Functions (Linear Function)
Algebra 1 Lessons WCCUSD: Evaluating Functions Graphically and Algebraically
LearnZillion: Write and Evaluate Linear and Exponential Functions by Modeling
MathBitsNotebook: Function Notation and Evaluation
Mathematics Assessment Project: Interpreting Functions
Monterey Institute: Evaluating Functions
SAS Curriculum Pathways: Applications of Exponential Functions (Learn & Review)
VirtualNerd: How Do You Evaluate an Exponential Function?
VirtualNerd: How Do You Find f(x) If You Have a Value For x?
VirtualNerd: Identifying and Evaluating Exponential Functions

Parent Function Graphs of Linear, Quadratic and Exponential Equations (FA.FBF.3*; FA.FIF.1c; FA.FIF.4%*; FA.FIF.5%; FA.FIF.7*)
a. Definitions of Linear, Exponential and Quadratic Parent Functions
Algebra 1 Lessons WCCUSD: Graphing Family of Function
Algebra 1 Lessons WCCUSD: Families of Functions Sort
CK-12: Linear, Exponential, and Quadratic Models: Bernoulli Effect PLIX (Play-Learn-Interactive-Xplore)
Gizmos: Exploring Exponential Graphs
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https://www.sascurriculumpathways.com/portal/Launch?id=6016
https://www.sophia.org/tutorials/comparing-linear-quadratic-and-exponential-functio--5
https://www.youtube.com/watch?v=6kaTDzuaxWo
http://www.yummymath.com/2014/done-with-the-leaves-now-for-the-snow/
http://www.yummymath.com/2013/snow-days/
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-functions-and-function-notation/v/understanding-function-notation-example-1
https://www.illustrativemathematics.org/content-standards/tasks/624
https://www.illustrativemathematics.org/content-standards/tasks/630
https://www.illustrativemathematics.org/content-standards/tasks/598
http://www.virtualnerd.com/algebra-1/relations-functions/functions/function-notation/f-of-x-definition
http://zonalandeducation.com/mmts/functionInstitute/functionInstitute.html
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/EvaluatingLinearFunctions.pdf
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/EvaluatingFunctionsFIF2.pdf
https://learnzillion.com/lesson_plans/438
http://mathbitsnotebook.com/Algebra1/Functions/FNNotationEvaluation.html
http://map.mathshell.org/tasks.php?unit=HN06&collection=9&redir=1
http://www.montereyinstitute.org/courses/DevelopmentalMath/U17L2T1_RESOURCE/index.html
https://www.sascurriculumpathways.com/portal/Launch?id=5064
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/exponential-function/identify-and-evaluate/evaluate
http://www.virtualnerd.com/algebra-1/relations-functions/functions/function-notation/f-of-x-evaluation
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/exponential-function/identify-and-evaluate/function-definition
http://www.wccusd.net/Page/3224
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/FamiliesOfFunctionsSortV2.pdf
http://www.ck12.org/assessment/tools/geometry-tool/plix.html?eId=MAT.ALG.940&questionId=55c12c5dda2cfe5c4f021a9c&artifactID=2114549&backUrl=http%3A//www.ck12.org/algebra/Linear-Exponential-and-Quadratic-Models/%23interactive
https://www.explorelearning.com/index.cfm?method=cResource.dspDetail&ResourceID=134
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LearnZillion: Graph Quadratic Functions
Monterey Institute: Graphing Types of Functions
RegentsPrep: http://www.regentsprep.org/regents/math/algebra/AC5/TGraphFunc.htmGraphing Functions and Observing Behavior
VirtualNerd: How Do You Determine if a Graph Represents a Linear, Exponential, or Quadratic Function?
VirtualNerd: How Do you Graph The Parent Quadratic Function y=x*?
VirtualNerd: What is a Parent Function?
b. Transformations & Translations (Note: Limit to Vertical Shift and Stretch)
Algebra 1 Lessons WCCUSD: Shifting Linear Equations in Function Notation
Hippocampus: Simulations — Algebra 1 — Quadratic Functions: Shape Shifter
KhanAcademy: Shifting and Reflecting Functions
LearnZillion: Vertically Translate Quadratic Equations
LearnZillion: Understand Vertical Scaling of Quadratic Equations
MathBitsNotebook: The Parabola as a Parent Function
Mathematics Assessment Project: Building Functions
RegentsPrep: Graphing Functions and Examining Coefficients
Zona Land Education: Function Transformations
c. lIdentifying Key Features of Graphs
Algebra 1 Lessons WCCUSD: Key Features of Graphs
Georgia Department of Education: Paula’s Peaches: The Sequel Quadratic Graphs Learning Task (page 46)
Graphing Stories: 15 Second Graphs
[lluminations: How Should | Move?
KhanAcademy: Comparing Features of Functions
KhanAcademy: End Behavior and Graphs of Basic Exponential Functions
KhanAcademy: Features of Quadratic Graphs
KhanAcademy: Introduction to the Domain and Range of a Function
LearnZillion: Graph Quadratic Functions and Show Intercepts, Maxima, Minima, Axis of Symmetry, and Vertex
MathBitsNotebook: Domain and Range
Monterey Institute: Finding Domain and Range
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https://learnzillion.com/lesson_plans/6948
http://www.montereyinstitute.org/courses/DevelopmentalMath/U17L2T2_RESOURCE/index.html
http://www.regentsprep.org/regents/math/algebra/AC5/TGraphFunc.htm
http://www.virtualnerd.com/algebra-1/quadratic-equations-functions/linear-exponential-comparison/linear-exponential-comparison-graphing-examples/determine-function-type-from-graph
http://www.virtualnerd.com/algebra-1/quadratic-equations-functions/graphing/transformations/graph-parent-function
http://www.virtualnerd.com/algebra-1/relations-functions/transformations/transformation-linear/parent-function-definition
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/ShiftingLinearEquationsInFunctionNotationV3.pdf
http://www.hippocampus.org/Algebra%20%26%20Geometry?loadLeftClass=Course&loadLeftId=75&loadTopicId=7499
https://www.khanacademy.org/math/algebra2/manipulating-functions/shifting-functions/v/shifting-and-reflecting-functions
https://learnzillion.com/lesson_plans/6942-vertically-translate-quadratic-equations
https://learnzillion.com/lesson_plans/7597-understand-vertical-scaling-of-quadratic-equations
http://mathbitsnotebook.com/Algebra1/Quadratics/QDGraphTrans.html
http://map.mathshell.org/tasks.php?unit=HN07&collection=9&redir=1
http://www.regentsprep.org/regents/math/algebra/ac5/lfuncgraph.htm
http://zonalandeducation.com/mmts/functionInstitute/functionTransformations/functionTransformations.html
http://www.wccusd.net/Page/3224
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-5.pdf
http://graphingstories.com/
http://illuminations.nctm.org/Lesson.aspx?id=2792
https://www.khanacademy.org/math/algebra2/advanced-functions/comparing-features-of-functions/v/comparing-features-of-functions-2-example-1
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/v/graphing-exponential-functions
https://www.khanacademy.org/math/algebra/quadratics/features-of-quadratic-functions/v/quadratic-functions-2
https://www.khanacademy.org/math/algebra/algebra-functions/domain-and-range
https://www.khanacademy.org/math/algebra/algebra-functions/domain-and-range
https://learnzillion.com/resources/72763-graph-quadratic-functions-and-show-intercepts-maxima-and-minima
http://mathbitsnotebook.com/Algebra1/Functions/FNDomainRange.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/U17L2T3_RESOURCE/index.html
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Resources

Application Resources (Downloadable Lessons, Video, Applets, and Online Algebra Notes)
BetterLesson: Construct and Compare Linear, Quadratic, and Exponential Models and Solve Problems
CK-12: Linear, Exponential and Quadratic Models
Emergent Math: Common Core Problem Based Curriculum Maps
Georgia Department of Education: Unit 5: Comparing and Contrasting Functions
Georgia Department of Education: Mathematics Teacher Support
Gizmos: Resource Catalog
Hippocampus: Algebra & Geometry - Presentations, Worked Examples, Test Prep & Simulations
[lluminations: Resources For Teaching Math
Illustrative Mathematics: High School Content Lesson Index
IXL Learning: Algebra 1 Practice
KhanAcademy: Algebra 1
KhanAcademy: Functions — Linear, Quadratic and Exponential Models
. LearnZillion: Algebra Math Video Lessons
Math Education Page: Start Page
MathBitsNotebook: Algebra 1
Mathematics Assessment Project — Mathematics Assessment Resource Service: Classroom Challenges (Formative Assessment Lessons)
Mathematics Assessment Project — Mathematics Assessment Resource Service: Guide for Teachers and Administrators
Monterey Institute: Intermediate Algebra
National Security Agency: High School Concept Development Units - Algebra
PBS Learning Media: Mathline
Quia: Mathematics Shared Activities
Regents Exam Prep Center: Algebra
. SAS Curriculum Pathways: SAS Algebra 1 Course — Unit 9
Sophia: Algebra | Topics
VirtualNerd: Algebra 1 Tutorials
West Contra Costa Unified School District: Algebra 1 Lessons
aa. Zona Land Education: Index of Zona Land Education Topics
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http://betterlesson.com/common_core/browse/1992/ccss-math-content-hsf-le-linear-quadratic-exponential-models?from=megamenu_domain
http://www.ck12.org/algebra/Linear-Exponential-and-Quadratic-Models/lesson/Linear-Exponential-and-Quadratic-Models/?referrer=featured_content
http://emergentmath.com/my-problem-based-curriculum-maps/
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-5.pdf
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog#grades
http://www.hippocampus.org/Algebra%20%26%20Geometry?view=Media
http://illuminations.nctm.org/
https://www.illustrativemathematics.org/content-standards/HS
https://www.ixl.com/math/algebra-1
https://www.khanacademy.org/math/algebra
https://www.khanacademy.org/commoncore/grade-HSF-F-LE
https://learnzillion.com/resources/75023-algebra-math-video-lessons
http://www.mathedpage.org/
http://mathbitsnotebook.com/Algebra1/Algebra1.html
http://map.mathshell.org/background.php
http://map.mathshell.org/guides/map_cc_teacher_guide.pdf
http://moodle.montereyinstitute.org/course/view.php?id=11
https://www.nsa.gov/academia/early_opportunities/math_edu_partnership/collected_learning/high_school/algebra.shtml
http://www.pbslearningmedia.org/search/?q=&selected_facets=supplemental_curriculum_hierarchy_nodes%3A1184&selected_facets=
http://www.quia.com/shared/mathematics/
http://www.regentsprep.org/regents/math/algebra/math-ALGEBRA.htm
https://www.sascurriculumpathways.com/portal/mobile/algebra1/start.html
https://www.sophia.org/subjects/algebra-1
http://www.virtualnerd.com/algebra-1/all/
http://www.wccusd.net/Page/3224
http://zonalandeducation.com/theIndex/theIndex.html
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Dictionaries, Calculators, and Templates
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Alcula: Online Linear Regression Calculator

A Maths Dictionary for Kids: Math Charts

A Maths Dictionary for Kids: Math Dictionary

Math Open Reference: Calculator

Math Open Reference: Full-Size Calculator

My HRW Classroom: Graphing Calculator Online

University of Georgia Mathematics Education Program: Interactive Mathematics Dictionary
Video Math Teacher: Download Free Virtual Tl Calculator Online

Wabbitemu: Tl Calculator Emulator

Teaching Strategies

a.

@m0 o0 T

Creative Educator: Authentic Tasks - Write a Great Authentic Task
Creative Educator: Project-Based Learning

Fawn Nguyen: Finding Ways - Math Taboo Game

Illustrative Mathematics: lllustrative Mathematics Homepage
Math Education Page: Lab Gear

Math Video Instructional Development Source: Authentic Contexts
Power Up What Works: Math Strategies that Work Research
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http://www.alcula.com/calculators/statistics/linear-regression/
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/
http://www.amathsdictionaryforkids.com/
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/common/calcappletframe.html?applet=calculator&wid=600&ht=400
http://www.mathopenref.com/common/calcappletframe.html?applet=calculator&wid=600&ht=400
https://my.hrw.com/math06_07/nsmedia/tools/Graph_Calculator/graphCalc.html
http://intermath.coe.uga.edu/dictnary/homepg.asp
http://intermath.coe.uga.edu/dictnary/homepg.asp
http://videomathteacher.com/free-resources/free-downloadable-math-calculators/download-free-virtual-ti-calculator-online/
https://wabbit.codeplex.com/
https://wabbit.codeplex.com/
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://fawnnguyen.com/math-taboo-game-2/
https://www.illustrativemathematics.org/
https://www.illustrativemathematics.org/
http://www.mathedpage.org/manipulatives/lab-gear.html
http://fcit.usf.edu/mathvids/strategies/ac.html
http://fcit.usf.edu/mathvids/strategies/ac.html
http://powerupwhatworks.org/resource/research-math-practices
http://powerupwhatworks.org/resource/research-math-practices
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Sample Formative Assessment Tasks/Questions

Distinguish Between Situations That Can Be Modeled With Linear, Quadratic or Exponential Functions (FA.FLQE.1*; FA.FLQE.1a; FA.FLQE.3%;
FA.FLQE.5*; FA.FIF.9%)

MY S AaTOS3ITATToOR O Q0 T

College Preparatory Mathematics (CPM): Linear, Quadratics, and Exponential Tables

CK-12: Linear, Exponential and Quadratic Models (Practice)

Georgia Department of Education: Birthday Gifts and Turtle Formative Assessment Lesson (page 30)

llluminations: Modeling Orbital Debris Problems — Assessment + Extensions Tab
Illustrative Mathematics: Choosing an Appropriate Growth Model

IXL: Describe Linear and Exponential Growth and Decay

IXL: Exponential Functions Over Unit Intervals

IXL: Identify Linear, Quadratic, and Exponential Functions From Tables

IXL: Linear Functions Over Unit Intervals

IXL: Linear Function Word Problems

KhanAcademy: Construct Basic Exponential Functions From a Table or a Graph
KhanAcademy: Distinguish Between Linear and Exponential Growth From Tables

. KhanAcademy: Distinguish Between Linear and Exponential Models

KhanAcademy: Find the Linear Function that Models a Real-World Relationship
LearnZillion: Quiz: Linear and Non-Linear Relationships

MathBitsNotebook: Exponential Growth and Decay (Practice Page)
Mathalicious: Xbox Xponential

Mathematics Assessment Project: Modeling Population Growth — Having Kittens
Mathematics Assessment Project: Representing Linear & Exponential Growth
SAS Curriculum Pathways: 3-1: Comparing Rates of Change (Practice & Quiz)
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http://pdfs.cpm.org/state_supplements/Linear_Quadratic_Exponential_Tables.pdf
http://www.ck12.org/assessment/ui/views/test.view.new.html?title=Linear-Exponential-and-Quadratic-Models-Practice&type=practice&referrer=featured_content&ep=http://www.ck12.org/algebra/Linear-Exponential-and-Quadratic-Models/
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
http://illuminations.nctm.org/Lesson.aspx?id=1386
https://www.illustrativemathematics.org/content-standards/tasks/1594
https://www.ixl.com/math/algebra-1/describe-linear-and-exponential-growth-and-decay
https://www.ixl.com/math/algebra-1/exponential-functions-over-unit-intervals
https://www.ixl.com/math/algebra-1/identify-linear-quadratic-and-exponential-functions-from-tables
https://www.ixl.com/math/algebra-1/linear-functions-over-unit-intervals
https://www.ixl.com/math/algebra-1/linear-function-word-problems
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/exponential-growth-and-decay/e/construct-basic-exponential-functions-from-table-or-graph
https://www.khanacademy.org/math/algebra2/exponential-growth-and-decay-alg-2/distinguishing-between-linear-and-exponential-growth/e/distinguish-between-linear-and-exponential-growth-from-tables
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/comparing-exponential-and-polynomial-functions/e/understanding-linear-and-exponential-models
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-linear-functions-modeling/e/constructing-linear-functions-word-problems
https://learnzillion.com/lesson_plans/10826
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeGrowthDecayPractice.html
http://www.mathalicious.com/lessons/xbox-xponential
http://map.mathshell.org/lessons.php?collection=8&unit=9100
http://map.mathshell.org/lessons.php?collection=8&unit=9240
https://www.sascurriculumpathways.com/portal/Launch?id=5041
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Evaluating Linear, Quadratic and Exponential Functions (FA.FIF.1*; FA.FIF.1a; FA.FIF.1b; FA.FIF.2)
[llustrative Mathematics: Braking Distance

IXL: Domain and Range

IXL: Evaluate an Exponential Function

IXL: Evaluate Function Rules |

IXL: Write Linear, Quadratic, and Exponential Functions

KhanAcademy: Evaluate Functions From their Formula

KhanAcademy: Write Function Rules From Equations

MathBitsNotebook: Function Notation Evaluation (Practice Page)

Mathematics Assessment Project: Functions

Mathematics Assessment Project: Representing Functions of Everyday Situations
SAS Curriculum Pathways: Applications of Exponential Functions (Practice & Quiz)

Q
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Parent Function Graphs of Linear, Quadratic and Exponential Equations (FA.FBF.3*; FA.FIF.1c; FA.FIF.4*; FA.FIF.5%; FA.FIF.7%)
Emergent Math: Hot Rod Quadratics: Let’s Jump this Jump!
Finding Ways: Des-man
Georgia Department of Education: Exploring Paths Formative Assessment Lesson (page 32)
Illuminations: How Should | Move? — Assessment + Extensions Tab
Illustrative Mathematics: Comparing Graphs of Functions - Performance Task
Illustrative Mathematics: Warming and Cooling
IXL: Characteristics of Quadratic Functions
IXL: Identify Linear, Quadratic, and Exponential Functions From Graphs
IXL: Match Exponential Functions and Graphs
IXL: Transformations of Quadratic Functions
KhanAcademy: Domain and Range from Graph
KhanAcademy: Graphs of Basic Exponential Functions
. KhanAcademy: Shift Functions
LearnZillion: Quiz: Graphing Quadratic Relationships
MathBitsNotebook: Domain and Range (Practice Page)
MathBitsNotebook: Exponential Functions (Practice Page)
Quia: Graphs of Functions (Matching or Concentration Game)

2T O33TATTS@ M0 Q0T
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https://www.illustrativemathematics.org/content-standards/tasks/586
https://www.ixl.com/math/algebra-1/domain-and-range-of-relations
https://www.ixl.com/math/algebra-1/evaluate-an-exponential-function
https://www.ixl.com/math/algebra-1/evaluate-function-rules
https://www.ixl.com/math/algebra-1/write-linear-quadratic-and-exponential-functions
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-functions-and-function-notation/e/functions_1
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-linear-equations-functions/8th-functions-and-function-notation/e/functions-from-equations
http://mathbitsnotebook.com/Algebra1/Functions/FNNotationEvaluationPractice.html
http://map.mathshell.org/tasks.php?collection=9&unit=HA07
http://map.mathshell.org/lessons.php?unit=9260&collection=8
https://www.sascurriculumpathways.com/portal/Launch?id=5064
http://emergentmath.com/2013/04/23/hot-rod-quadratics-lets-jump-this-jump/
http://fawnnguyen.com/des-man/
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-5.pdf
http://illuminations.nctm.org/Lesson.aspx?id=2792
https://www.illustrativemathematics.org/content-standards/tasks/1829
https://www.illustrativemathematics.org/content-standards/tasks/639
https://www.ixl.com/math/algebra-1/characteristics-of-quadratic-functions
https://www.ixl.com/math/algebra-1/identify-linear-quadratic-and-exponential-functions-from-graphs
https://www.ixl.com/math/algebra-1/match-exponential-functions-and-graphs
https://www.ixl.com/math/algebra-1/transformations-of-quadratic-functions
https://www.khanacademy.org/math/algebra/algebra-functions/domain-and-range/e/domain_and_range_0.5
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions/graphs-of-basic-exponential-functions/e/graphs-of-basic-exponential-functions
https://www.khanacademy.org/math/algebra2/manipulating-functions/shifting-functions/e/shift-functions
https://learnzillion.com/lesson_plans/10874
http://mathbitsnotebook.com/Algebra1/Functions/FNDomainRangePractice.html
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponentialPractice.html
https://www.quia.com/jg/459664.html
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r. RegentsPrep: Practice with Graphing Functions

Comparing and Contrasting Functions Unit
a. BetterlLesson: Construct and Compare Linear, Quadratic, and Exponential Models and Solve Problems (All Plans Include Assessment Ideas)
b. Georgia Department of Education: Fences and Functions - Culminating Task (page 63)
c. Illuminations: Modeling Orbital Debris Problems
d. SAS Curriculum Pathways: 9-4: Linear, Exponential, and Quadratic Models (Practice & Quiz)
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http://www.regentsprep.org/regents/math/algebra/ac5/funcgraphprac.htm
http://betterlesson.com/common_core/browse/1992/ccss-math-content-hsf-le-linear-quadratic-exponential-models?from=megamenu_domain
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-5.pdf
http://illuminations.nctm.org/Lesson.aspx?id=1386
https://www.sascurriculumpathways.com/portal/Launch?id=6016
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Foundations in Algebra Unit 6 Title

Describing Data

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e FAFLQE.5* Interpret the parameters in a linear or exponential function in terms of the context. (Limit to linear.)
o ldentify names and definitions of m and b in the function f(x) = mx + b.
o Describe the meaning of the slope of a line that models a real-world situation (use appropriate units).
o Describe the meaning of the y-intercept and other points of a line that models a real-world situation (use appropriate units).
o Identify and model a real-world situation that has a linear relationship.
e FA.SPID.5* Analyze bivariate categorical data using two-way tables and identify possible associations between the two categories using
marginal, joint, and conditional frequencies.
o Read and interpret data displayed in a two-way frequency table.
Write a summary of data that is displayed by a two-way frequency table.
Use percentages of ratios in two-way table to calculate marginal, joint and conditional relative frequencies.
Recognize patterns in the data and explain implications of relative frequencies based on the context of the original problem.
Choose and create appropriate diagrams of marginal, joint, and conditional distributions.
o Compare conditional and marginal percentages to describe the relationship between two variables.
e FA.SPID.6* Using technology, create scatterplots and analyze those plots to compare the fit of linear, quadratic, or exponential models to a
given data set. Select the appropriate model, fit a function to the data set, and use the function to solve problems in the context of the data.
o ldentify the correct model (linear, quadratic, and exponential) that should be used to fit a set of data.
o Sketch the function of best fit onto the scatterplot.
o Recognize whether a linear or exponential model is increasing or decreasing.
o Utilize a graphing calculator or appropriate technology to produce a scatterplot and the function of best fit.
o Use function of best fit to predict values of a real world set of data.
e FA.SPID.7* Create a linear function to graphically model data from a real-world problem and interpret the meaning of the slope and
intercept(s) in the context of the given problem.
o Interpret the meaning of the slope in terms of the unit rate.
o Interpret the meaning of the y-intercept in terms of the units stated in the data.
e FA.SPID.8* Using technology, compute and interpret the correlation coefficient of a linear fit.
o Understand that the correlation coefficient only applies to quantitative variables and linear models of best fit.
o Define the correlation coefficient as a measure of the "goodness of a linear fit" (significance) that is inclusively between -1 and 1.
o Utilize a graphing calculator or other appropriate technology to compute the correlation coefficient of a linear model.

@)
(@)
(@)
(@)
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o Explain the meaning of the correlation coefficient and determine whether the linear model is a good fit for the data (significance).
o Determine the direction (sign) and the magnitude (strength) of the linear model using the correlation coefficient.
e FA.SPMJ.1* Understand statistics and sampling distributions as a process for making inferences about population parameters based on a
random sample from that population
o Recognize that the sample distribution is a subset of the population, such that it is sizeable enough to make an inference about
ultimate parameters of the population.
e FA.SPMJ.2* Distinguish between experimental and theoretical probabilities. Collect data on a chance event and use the relative frequency to
estimate the theoretical probability of that event. Determine whether a given probability model is consistent with experimental results.
o Experimental probability is the ratio of the number of times an event occurs to the total number of trials or times the activity is
performed.
o Theoretical probability is the number of ways that the event can occur, divided by the total number of outcomes.
o Collect data on the number of times an event occurs after a series of trials. Calculate the resulting experimental probability.
o After conducting chance event experiment; compare results to theoretical probability.
o Calculate basic probabilities, including compound events and events with or without replacement.
e FA.SPMD.4* Use probability to evaluate outcomes of decisions by finding expected values and determine if decisions are fair.
o Utilize probability to analyze the results of a process and decide if it resulted in a fair decision.
e FA.SPMD.5* Use probability to evaluate outcomes of decisions. Use probabilities to make fair decisions.
o Utilize probability to create a method for making a fair decision.
e FA.SPMD.6* Analyze decisions and strategies using probability concepts.
o Evaluate data to determine whether or not the best decision was made.
o Consider all available strategies to determine and defend a strategy to recommend.
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New Academic Vocabulary for This Unit

e Conditional Relative Frequency
e Correlation Coefficient

e Function of Best Fit

e Joint Relative Frequency

e Marginal Relative Frequency

e Population Parameter

e Q-Points

e Quantitative Variable

e Significance

e Statistical Inference
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Prior Knowledge Required for this Unit

In earlier grades, students have developed conceptual knowledge and have had the opportunity to learn how to:

e Differentiate between statistical and non-statistical questions (6.DS.1).

e Use center, spread, and shape to describe the distribution of a set of data collected to answer a statistical question (6.DS.2).

o Describe numerical data sets in relation to their real-world context (6.DS.5).

e Investigate concepts of random sampling (7.DSP.1).

e Draw inferences about a population by collecting multiple random samples of the same size to investigate variability in estimates of the
characteristic of interest (7.DSP.2).

e Investigate the concept of probability of chance events (7.DSP.5).

e Investigate the relationship between theoretical and experimental probabilities for simple events (7.DSP.6).

o Apply the concepts of theoretical and experimental probabilities for simple events (7.DSP.7).

e Extend the concepts of simple events to investigate compound events (7.DSP.8).

e |Investigate bivariate data (8.DSP.1).

e Draw an approximate line of best fit on a scatter plot that appears to have a linear association and informally assess the fit of the line to the

data points (8.DSP.2).

e Find an approximate equation for the line of best fit using two appropriate data points, interpret the slope and intercept, solve problems
using the equation (8.DSP.3).

e |Investigate bivariate categorical data in two-way tables, and interpret data in two-way tables using relative frequencies (8.DSP.4).

e Apply concepts of slope and y-intercept to graphs, equations, and proportional relationships (8.EEI.6).

e |Investigate the differences between linear and nonlinear functions (8.F.3).

Earlier during Foundations in Algebra, students developed conceptual knowledge and had the opportunity to learn how to:

e Create equations in two or more variables to represent relationships between the quantities. Graph the equations on coordinate axes using
appropriate labels, units, and scales. (Limit to linear; quadratic; exponential with integer exponents; direct and indirect variation.) (FA.ACE.2*
Units 1, 2, 3, & 4).

e Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal. (Limit to linear;
guadratic; exponential.)(FA.FIF.9* Unit 5).
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e Distinguish between situations that can be modeled with linear functions or exponential functions by recognizing situations in which one
guantity changes at a constant rate per unit interval as opposed to those in which a quantity changes by a constant percent rate per unit
interval (FA.FLQE.1* Unit 5).
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Subsequent Knowledge Related to this Unit

e Foundations Unit 6 interprets the parameters of a linear function in terms of a real-world context (FA.FLQE.5).
o This will be extended to exponential functions in Intermediate Algebra Unit 6 (IA.FLQE.5).
Foundations Unit 6 analyzes bivariate categorical data using marginal, joint and conditional frequencies (FA.SPID.5%*).
o this will also be addressed in Probability and Statistics Unit 1 (PS.SPID.5%*)
e Foundations Unit 6 uses technology to create scatterplots, fit a function to the data and compute correlation coefficients of a linear fit
(FA.SPID.6*; FA.SPID.8%*).
O This will be readdressed in Probability and Statistics Unit 4 (PS.SPID.6*; PS.SPID.8*)
e Foundations Unit 6 creates linear functions to graphically model data from a real-world problem and analyzes the meaning of the slope and
intercept(s) (FA.SPID.7%*).
o This will also be addressed in Probability and Statistics Unit 4 (PS.SPID.7%*).
e Foundations Unit 6 makes inferences about population parameters based on a random sample from that population (FA.SPMJ.1%*).
o This will also be addressed in Probability and Statistics Unit 7 (PS.SPMJ.1%).
e Foundations Unit 6 compares data from experimental probabilities to that of the theoretical probability (FA.SPMJ.2*).
o This will also be addressed in Probability and Statistics Unit 6 (PS.SPMJ.2*).
e Foundations Unit 6 uses probabilities to evaluate the fairness of decisions (FA.SPMD.4*; FA.SPMD.5*; FA.SPMD.6*).
o This will also be addressed in Probability and Statistics Unit 7 (PS.SPMD.4*; PS.SPMD.5*; PS.SPMD.6*).
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Relationship Among Standards in this Unit

The standards in Foundations in Algebra Unit 6 are connected by the data analysis themes of inferences, implications and predictions. The unit
begins by having students use single variable statistics to make inferences. Thus, leading the way for simulations to compare theoretical and
experimental probabilities in order to make predictions. Then, using probability to evaluate and make fair decisions. Next, students will be able to
make predictions and implications to data using bivariate tables. Students must review, connect and apply many of the standards from the prior
units to utilize linear, quadratic and exponential ideas to create regression equations. Finally, the important linear concepts of slope and y-
intercepts are readdressed using real-world regression situations.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 6.

Statistics and Parameters (FA.SPMJ.1%)

a.

Population versus Sample

LearnZillion: Distinguish Between Population and Sample
MathBitsNotebook: Population vs Sample Data

Stat Trek: Population vs Sample

Determining Population Parameters

Statistics How To: Difference Between a Statistic and a Parameter
LearnZillion: Determine Population and Parameter from a Statistical Question
Using Random Samples to make Inferences

LearnZillion: Take a Simple Random Sample

LearnZillion: Take a Random Sample

Khan Academy: Reasonable Samples

University of North Carolina of Wilmington: Aquarius Lesson Plan

Simulations (FA.SPMJ.2%*)

a.

Distinguish Between Experimental and Theoretical Probabilities

Khan Academy: Comparing Theoretical to Experimental Probabilities
Algebra-Class: Theoretical

Regents Prep: Theoretical vs. Empirical Probability

Online Math Learning: Theoretical Probability and Experimental Probability
Estimating Theoretical Probabilities

Regents Prep: Hitting the Target Activity

Comparing Probability Models and Experimental Results

Khan Academy: Making Predictions with Probability

Khan Academy: Constructing Probability Models from Data
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https://learnzillion.com/lesson_plans/5774-distinguish-between-population-and-sample
http://mathbitsnotebook.com/Algebra1/StatisticsData/STPopSample.html
http://stattrek.com/sampling/populations-and-samples.aspx
http://www.statisticshowto.com/how-to-tell-the-difference-between-a-statistic-and-a-parameter/
https://learnzillion.com/lesson_plans/6496-determine-population-and-parameter-from-a-statistical-question
https://learnzillion.com/lesson_plans/4871-take-a-simple-random-sample
https://learnzillion.com/lesson_plans/7329-take-a-random-sample
https://www.khanacademy.org/math/cc-seventh-grade-math/cc-7th-probability-statistics/cc-7th-population-sampling/v/reasonable-samples
http://www.uncw.edu/ed/aquarius/documents/2012/Kyle%20Miller-9-12%20Math.docx
https://www.khanacademy.org/math/cc-seventh-grade-math/cc-7th-probability-statistics/cc-7th-theoretical-and-experimental-probability/v/comparing-theoretical-to-experimental-probabilites
http://www.regentsprep.org/regents/math/algebra/apr5/theoprop.htm
http://www.onlinemathlearning.com/theoretical-probability.html
http://www.regentsprep.org/regents/math/algebra/apr5/TEvent.htm
https://www.khanacademy.org/math/cc-seventh-grade-math/cc-7th-probability-statistics/cc-7th-theoretical-and-experimental-probability/v/making-predictions-with-probability
https://www.khanacademy.org/math/cc-seventh-grade-math/cc-7th-probability-statistics/cc-7th-theoretical-and-experimental-probability/v/constructing-probability-model-from-observations
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Decisions with Probability (FA.SPMD.4*; FA.SPMD.5*; FA.SPMD.6*)

a. Analyze decisions and using probabilities to evaluate if the decision was fair
NCTM: Stick or Switch
NCTM: Will the Best Candidate Win?

b. Utilize probability to create a tool to help make fair decisions
NCTM: Explorations With Chance: Is It Fair
Khan Academy: Picking Fairly
Mathalicious: Three Shots
HotMath: Using Probabilities to Make Fair Decisions
Annenberg Learner: Probability Models

Bivariate Data (FA.SPID.5%)
a. Interpret Data Displayed in a Two-Way Frequency Table
MathBitsNotebook: Two-Way Frequency Tables
Math Is Fun: Bivariate Data
b. Calculate and Analyze Marginal, Joint and Conditional Relative Frequencies
Study.com: Joint, Marginal & Conditional Frequencies
Holt McDougal: Two-Way Tables PPT

Lines of Fit and Regression (FA.FLQE.5*; FA.SPID.6*; FA.SPID.7*; FA.SPID.8*)
a. Utilize technology to create scatterplots
Annenberg Learner: Scatterplots
MathBitsNotebook: Finding Your Way Around the TI-83/84 Calculator - Scatter Plots
Texas Instruments: Creating a Scatter Plot Using T1-83/84 Family
Glencoe: Graphing Calculator - Regression Lines
PurpleMath: Scatterplots and Regressions - Page 1
SlideShare: Calculating a Correlation Coefficient and Scatter Plot using Excel
Excel Easy: Excel Scatter Chart
LearnZillion: Fit a Linear Regression to a Set of Data using Spreadsheets and Graphing Technology
b. Select the appropriate model of best fit and use technology to create the function of best fit
[llustrative Mathematics: Basketball Bounces Collaborative Investigation
NCTM: Shrinking Candles, Running Water, Folding Boxes
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https://illuminations.nctm.org/Lesson.aspx?id=1399
http://illuminations.nctm.org/Lesson.aspx?id=2539
https://illuminations.nctm.org/Lesson.aspx?id=1145
https://www.khanacademy.org/math/probability/probability-and-combinatorics-topic/decisions-with-probability/v/probability-decisions
http://www.mathalicious.com/lessons/three-shots
http://hotmath.com/hotmath_help/topics/using-probabilities-to-make-fair-decisions.html
http://www.learner.org/courses/againstallodds/unitpages/unit19.html
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2TwoWayTable.html
https://www.mathsisfun.com/definitions/bivariate-data.html
http://study.com/academy/lesson/joint-marginal-conditional-frequencies-definitions-differences-examples.html
http://hhs.highland.k12.in.us/UserFiles/Servers/Server_63530/File/13.4.ppt
http://www.learner.org/courses/againstallodds/unitpages/unit10.html
http://mathbits.com/MathBits/TISection/Statistics1/scatterplot.htm
https://epsstore.ti.com/OA_HTML/csksxvm.jsp?nSetId=100484
http://www.glencoe.com/sec/math/algebra/algebra1/algebra1_03/other_calculator_keystrokes/pdfs/alg103_ti82_pg306.pdf
http://www.purplemath.com/modules/scattreg.htm
http://www.slideshare.net/sandradnicks/calculating-a-correlation-coefficient-and-scatter-plot-using-excel
http://www.excel-easy.com/examples/scatter-chart.html
https://learnzillion.com/lesson_plans/71
https://www.illustrativemathematics.org/content-standards/tasks/1089
https://illuminations.nctm.org/Lesson.aspx?id=1211
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MathBitsNotebook: Fitting Functions to Data

Khan Academy: Comparing Models to Fit Data

PurpleMath: Scatterplots and Regressions - Page 3

PurpleMath: Scatterplots and Regressions - Page 4

LearnZillion: Select a Statistical Regression Line

LearnZillion: Model Real-World Bivariate Data By Using A Quadratic Regression Function

LearnZillion: Model Real-World Bivariate Data By Using An Exponential Regression Function
c. Use technology to compute the correlation coefficient (r) of a linear fit: use r to determine significance, direction and magnitude of the fit

LearnZillion: Find Correlation Coefficient using Technology

University of North Carolina of Wilmington: Correlation and Line of Best Fit

EngageNY: Interpreting Correlation

MathBitsNotebook: Correlations

MathBitsNotebook: Correlation Coefficients

PurpleMath: Scatterplots and Regressions - Page 2

Math Is Fun: Correlation

Algebra 1 Lessons WCCUSD: Correlation and Line of Best Fit
d. Interpret the meaning of the slope and intercept(s) of real-world linear relationships

LearnZillion: Interpret the Slope and Intercept of a Regression Line

LearnZillion: Understand and Interpret the Slope of a Regression Line

NCTM: Exploring Linear Data

NCTM: Barbie Bungee

Annenberg Learner: Fitting Lines to Data

MathBitsNotebook: Slopes and Intercepts in Linear Models

LearnZillion: Solve Problems Using Linear Regression

Illustrative Mathematics: Hand Span and Height Collaborative Activity
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http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2FittingFunctions.html
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/v/comparing-models-to-fit-data
http://www.purplemath.com/modules/scattreg3.htm
http://www.purplemath.com/modules/scattreg4.htm
https://learnzillion.com/lesson_plans/7679
https://learnzillion.com/lesson_plans/646
https://learnzillion.com/lesson_plans/647
https://learnzillion.com/lesson_plans/4722
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/CorrelationLineBestFit.pdf
https://www.engageny.org/file/52171/download/algebra-i-m2-topic-d-lesson-19-teacher.pdf?token=ocSSvdV7WZFdreIplihHbhpELRB35wHsa7Ne3gJ-RR4
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2Correlations.html
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2CorrelationCoefficients.html
http://www.purplemath.com/modules/scattreg2.htm
https://www.mathsisfun.com/data/correlation.html
http://www.wccusd.net/Page/3224
https://learnzillion.com/lesson_plans/78
https://learnzillion.com/lesson_plans/7098
https://illuminations.nctm.org/Lesson.aspx?id=1189
https://illuminations.nctm.org/Lesson.aspx?id=2157
http://www.learner.org/courses/againstallodds/unitpages/unit11.html
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2Slope.html
https://learnzillion.com/lesson_plans/5291
https://www.illustrativemathematics.org/content-standards/SP/8/A/1/tasks/1097
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Resources

Application Resources (Downloadable Lessons, Video, Applets, and Online Algebra Notes)
Algebra-Class: Algebra Examples Index
Annenberg Learner: Against All Odds - Inside Statistics
EngageNY: Algebra 1 Module 1
Excel Easy: Excel Data Analysis
Glencoe: Algebra 1 Online
Holt McDougal: Online Textbook
Hot Math: Review Topic Index
Illustrative Mathematics: High School Content Lesson Index
Khan Academy: Introduction to Algebra
Khan Academy: Probability and Statistics
LearnZillion: High School Statistics and Probability
Mathalicious: Lessons
. MathBitsNotebook: Algebra 1
Math Is Fun: Math Resource Index
NCTM: llluminations - Resources for Teaching Math
Online Math learning: An Introduction to Mathematical Statistics
Online Math Learning: An Introduction to Probability
Purple Math: Index of Lessons
Regents Exam Prep Center: Algebra
SAS Curriculum Pathways: SAS Algebra 1 Course
Slide Share: Lesson Search
Stat Trek: Teach Yourself Statistics
. Statistics How To: Probability and Statistics Topic Index
Study.com: High School Lesson Index
Texas Instruments: Classroom Activities
University of North Carolina of Wilmington: Aquarius Lesson Plans
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http://www.algebra-class.com/algebra-examples.html
http://www.learner.org/courses/againstallodds/index.html
https://www.engageny.org/resource/algebra-i-module-1
https://www.engageny.org/resource/algebra-i-module-1
http://www.excel-easy.com/data-analysis.html
http://www.glencoe.com/sec/math/algebra/algebra1/
http://www.hmhco.com/shop/education-curriculum/math/secondary-mathematics/holt-mcdougal-algebra-1-geometry-and-algebra-2
http://hotmath.com/hotmath_help/topics/index_hotmath_review.html
https://www.illustrativemathematics.org/content-standards/HS
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
https://www.khanacademy.org/math/algebra/introduction-to-algebra
https://www.khanacademy.org/math/probability
https://learnzillion.com/resources/75068-high-school-statistics-and-probability
http://www.mathalicious.com/lessons
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/LinearEquations/LELiteralEquationPractice.html
http://mathbitsnotebook.com/Algebra1/Algebra1.html
https://www.mathsisfun.com/
https://illuminations.nctm.org/Lessons-Activities.aspx
http://www.onlinemathlearning.com/statistics.html
http://www.onlinemathlearning.com/math-probability.html
https://www.purplemath.com/modules/index.htm
http://www.regentsprep.org/regents/math/algebra/math-ALGEBRA.htm
https://www.sascurriculumpathways.com/portal/mobile/algebra1/start.html
http://www.slideshare.net/
http://stattrek.com/tutorials/statistics-tutorial.aspx
http://www.statisticshowto.com/probability-and-statistics/
http://study.com/academy/level/high-school.html
https://education.ti.com/en/us/activity/search/subject
http://www.uncw.edu/ed/aquarius/index.html
http://www.uncw.edu/ed/aquarius/index.html
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Dictionaries, Calculators, and Templates
j. Alcula: Online Linear Regression Calculator
A Maths Dictionary for Kids: Math Charts
A Maths Dictionary for Kids: Math Dictionary
. Math Open Reference: Calculator
Math Open Reference: Full-Size Calculator
My HRW Classroom: Graphing Calculator Online
University of Georgia Mathematics Education Program: Interactive Mathematics Dictionary
Video Math Teacher: Download Free Virtual Tl Calculator Online
Wabbitemu: Tl Calculator Emulator

"aT o33 TRAY

Teaching Strategies

a. Creative Educator: Authentic Tasks - Write a Great Authentic Task
Creative Educator: Project-Based Learning
Illustrative Mathematics: lllustrative Mathematics Homepage
Math Video Instructional Development Source: Authentic Contexts
Power Up What Works: Math Strategies that Work Research

© oo o
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http://www.alcula.com/calculators/statistics/linear-regression/
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/
http://www.amathsdictionaryforkids.com/
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/common/calcappletframe.html?applet=calculator&wid=600&ht=400
http://www.mathopenref.com/common/calcappletframe.html?applet=calculator&wid=600&ht=400
https://my.hrw.com/math06_07/nsmedia/tools/Graph_Calculator/graphCalc.html
http://intermath.coe.uga.edu/dictnary/homepg.asp
http://intermath.coe.uga.edu/dictnary/homepg.asp
http://videomathteacher.com/free-resources/free-downloadable-math-calculators/download-free-virtual-ti-calculator-online/
https://wabbit.codeplex.com/
https://wabbit.codeplex.com/
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
https://www.illustrativemathematics.org/
https://www.illustrativemathematics.org/
http://fcit.usf.edu/mathvids/strategies/ac.html
http://fcit.usf.edu/mathvids/strategies/ac.html
http://powerupwhatworks.org/resource/research-math-practices
http://powerupwhatworks.org/resource/research-math-practices
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Sample Formative Assessment Tasks/Questions

Statistics and Parameters (FA.SPMJ.1%)

a.

Shmoop: Probability and Statistics Sample Assignments

b. Shmoop: Sampling Methods

c. Amazing Space: Galaxy Hunter: A Cosmic Photo Safari

d. Sophia: CCSS Math Standard S-IC.1 Practice

e. LearnZillion: Performance Task S-IC.1

f. LearnZillion: School Dress Code Performance Task

g. lllustrative Mathematics: School Advisory Panel Performance Task

h. lllustrative Mathematics: Why Randomize? Performance Task

i. Ilustrative Mathematics: Strict Parents Performance Task

j. Ilustrative Mathematics: Musical Preferences Performance Task

k. [lustrative Mathematics: Mr. Briggs’s Class Likes Math Performance Task
Simulations (FA.SPMJ.2%*)

a. Regents Prep: Practice with Probability: Set 1

b. Regents Prep: Practice with Probability: Set 2

c. Ilustrative Mathematics: How Many Buttons? Performance Task

d. Illustrative Mathematics: Rolling Dice Performance Task

e. Monterey Institute: Project-Based Learning Activity: What are the Chances of That?

Decisions with Probability (FA.SPMD.4*; FA.SPMD.5*; FA.SPMD.6*)

a.

e

Khan Academy: Making Predictions with Probability

Khan Academy: Probability Models

Khan Academy: Using Probability to make Fair Decisions

IXL: Choose the Better Bet

Monterey Institute: Extending and Applying Concepts: Probability Game Design

How many gray socks and how many white socks are in a drawer if the probability of randomly choosing two socks, one of each color, is
close to % (Small 161)?
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http://www.shmoop.com/common-core-standards/ccss-hs-s-ic-1.html
http://www.shmoop.com/math-shack/stat-prob/sampling-methods-2/
http://amazing-space.stsci.edu/resources/explorations/ghunter/home.html
https://www.sophia.org/ccss-math-standard-9-12sic1-pathway
https://learnzillion.com/resources/16112
https://learnzillion.com/resources/16139
https://www.illustrativemathematics.org/content-standards/HSS/IC/A/1/tasks/186
https://www.illustrativemathematics.org/content-standards/HSS/IC/A/1/tasks/191
https://www.illustrativemathematics.org/content-standards/HSS/IC/A/1/tasks/122
https://www.illustrativemathematics.org/content-standards/HSS/IC/A/1/tasks/123
https://www.illustrativemathematics.org/content-standards/SP/7/A/1/tasks/974
http://www.regentsprep.org/regents/math/algebra/apr5/PracEmp.htm
http://www.regentsprep.org/regents/math/algebra/apr5/PracThoe.htm
https://www.illustrativemathematics.org/content-standards/SP/7/C/7/tasks/1022
https://www.illustrativemathematics.org/content-standards/SP/7/C/7/tasks/1216
http://www.montereyinstitute.org/courses/Algebra1/U12PROJECT_RESOURCE/index.html
https://www.khanacademy.org/math/cc-seventh-grade-math/cc-7th-probability-statistics/cc-7th-theoretical-and-experimental-probability/e/using-probability-to-make-predictions
https://www.khanacademy.org/math/cc-seventh-grade-math/cc-7th-probability-statistics/cc-7th-theoretical-and-experimental-probability/e/probability-models
https://www.khanacademy.org/math/probability/probability-and-combinatorics-topic/decisions-with-probability/e/using-probability-to-make-fair-decisions
https://www.ixl.com/math/algebra-2/choose-the-better-bet
http://www.montereyinstitute.org/courses/Algebra1/U12SIM_RESOURCE/index.html
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Bivariate Data (FA.SPID.5*)
a. lllustrative Mathematics: Birds’ Eggs Performance Task
b. lllustrative Mathematics: Texting and Grades 1 Performance Task
c. MathBitsNotebook: Practice Two-Way Frequency Tables
d. Khan Academy: Trends in Categorical Data

Lines of Fit and Regression (FA.FLQE.5*; FA.SPID.6*; FA.SPID.7*; FA.SPID.8*)
a. Khan Academy: Constructing Scatter Plots
MathBitsNotebook: Practice Fitting Functions to Data
Khan Academy: Fitting Quadratic and Exponential Functions to Scatter Plots
MathBitsNotebook: Practice Linear Regression
IXL: Interpreting a Scatter Plot
IXL: Calculate Correlation Coefficients
MathBitsNotebook: Practice with Correlations
Mathopolis: Correlation Practice Set
IXL: Match Correlation Coefficients to Scatter Plot
School Improvement in Maryland: Correlation Coefficient Performance Activity
MathBitsNotebook: Practice Slope and Intercepts with Linear Regressions
Khan Academy: Eyeballing the line of Best Fit
. IXL: Scatter Plots - Line of Best Fit
Khan Academy: Estimating Slope of Line of Best Fit
Illustrative Mathematics: US Airports Assessment Variation Performance Task
Illustrative Mathematics: Animal Brains Performance Task
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https://www.illustrativemathematics.org/content-standards/SP/8/A/1/tasks/41
https://www.illustrativemathematics.org/content-standards/SP/8/A/1/tasks/975
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2TwoWayPractice.html
https://www.khanacademy.org/math/probability/statistical-studies/categorical-data/e/trends-in-categorical-data
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/e/constructing-scatter-plots
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2FittingPractice.html
https://www.khanacademy.org/math/probability/regression/prob-stats-scatter-plots/e/fitting-functions-to-scatter-plots
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2LinRegPractice.html
https://www.ixl.com/math/algebra-1/interpret-a-scatter-plot
https://www.ixl.com/math/precalculus/calculate-correlation-coefficients
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2CorrelationPractice.html
http://www.mathopolis.com/questions/q.php?id=3072&site=1&ref=/data/correlation.html&qs=3072_3776_8757_8758_8759_8760_3080_3081_3810_3811
https://www.ixl.com/math/precalculus/match-correlation-coefficients-to-scatter-plots
http://mdk12.msde.maryland.gov/share/ccsc/uos/resources/math/hsAlgebraI_Unit_3/A1_U3_LP_Introduction_to_the_Correlation_Coefficient_and_Its_Propoperties.docx
http://mathbitsnotebook.com/Algebra1/StatisticsReg/ST2SlopePractice.html
https://www.khanacademy.org/math/probability/regression/regression-correlation/e/plotting_the_line_of_best_fit
https://www.ixl.com/math/algebra-1/scatter-plots-line-of-best-fit
https://www.khanacademy.org/math/probability/regression/regression-correlation/e/linear-models-of-bivariate-data
https://www.illustrativemathematics.org/content-standards/SP/8/A/3/tasks/1370
https://www.illustrativemathematics.org/content-standards/SP/8/A/3/tasks/1370
https://www.illustrativemathematics.org/content-standards/SP/8/A/1/tasks/1520
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Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6
Functions:
Arithmetic/Geometric : Linear . Quadratic Functions, Radical and Simple . .
Sequences and Equations/Inequalities ) . ; i Exponential Functions
Absolute Value, Step, and Systems of Polynomials Equat|on§,.and Rational Fun.ctlons and and Equations
and Piece-Wise Equations/Inequalities Inequalities Equations
Functions
Standards Standards Standards Standards Standards Standards
IA.FBF.1a IA.ACE.1* IA.AAPR.1* IA.ACE.1* IA.ACE.1* IA.ACE.1*
IA.FBF.2* IA.ACE.2* IA.ASE.1* IA.ACE.2* IA.ACE.4* IA.ACE.2*
IA.FBF.3* IA.ACE.4* IA.ASE.2* IA.ACE.4* IA.AREI.2* IA.ACE.4*
IA.FIF.3* IA.AREl.4a* IA.AREI.11%* IA.AREI.11%*
IA.FIF.7* IA.AREI.4b* IA.FBF.1a* IA.FBF.1a*
IA.FIF.9* IA.AREI.11%* IA.FBF.1b* IA.FBF.1b*
IA.FLQE.2* IA.ASE.3a* IA.FBF.3* IA.FBF.2*
IA.FLQE.5* IA.ASE.3b* IA.FIF.4* IA.FBF.3*
IA.FBF.1a* IA.FIF.5* IA.FIF.3*
IA.FBF.1b* IA.FIF.6* IA.FIF.4*
IA.FBF.3* IA.FIF.7* IA.FIF.5*
IA.FIF.4* IA.FIF.8* IA.FIF.6*
IA.FIF.5* IA.FIF.8b*
IA.FIF.6* IA.FLQE.2*
IA.FIF.8* IA.FLQE.5*
IA.FIF.9*
IA.NCNS.1*
IA.NCNS.7*
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Mathematical Process Standards: The South Carolina College- and Career-Ready (SCCCR) Mathematical Process Standards demonstrate the ways
in which students develop conceptual understanding of mathematical content and apply mathematical skills. As a result, the SCCCR Mathematical

Process Standards should be integrated within the SCCCR Content Standards for Mathematics for each grade level and course. Since the process

standards drive the pedagogical component of teaching and serve as the means by which students should demonstrate understanding of the

content standards, the process standards must be incorporated as an integral part of overall student expectations when assessing content

understanding.

1. Make sense of problems and persevere in solving them. 5. Use a variety of mathematical tools effectively and strategically.
a. Relate a problem to prior knowledge. a. Select and use appropriate tools when solving a mathematical problem.
b.  Recognize there may be multiple entry points to a problem and more than one b. Use technological tools and other external mathematical resources to explore and
path to a solution. deepen understanding of concepts.
c. Analyze what is given, what is not given, what is being asked, and what strategies
are needed, and make an initial attempt to solve a problem.
d. Evaluate the success of an approach to solve a problem and refine it if necessary.
2. Reason both contextually and abstractly. 6. Communicate mathematically and approach mathematical situations with precision.
a. Make sense of quantities and their relationships in mathematical and real-world a. Express numerical answers with the degree of precision appropriate for the
situations. context of a situation.
b. Describe a given situation using multiple mathematical representations. b. Represent numbers in an appropriate form according to the context of the
Translate among multiple mathematical representations and compare the situation.
meanings each representation conveys about the situation. c. Use appropriate and precise mathematical language.
d. Connect the meaning of mathematical operations to the context of a given d. Use appropriate units, scales, and labels.
situation.
3. Use critical thinking skills to justify mathematical reasoning and critique the reasoning of 7. Identify and utilize structure and patterns.

others.
a. Construct and justify a solution to a problem.
b. Compare and discuss the validity of various reasoning strategies.
c.  Make conjectures and explore their validity.
d. Reflect on and provide thoughtful responses to the reasoning of others.

a. Recognize complex mathematical objects as being composed of more than one
simple object.

b. Recognize mathematical repetition in order to make generalizations.

c.  Look for structures to interpret meaning and develop solution strategies.

4. Connect mathematical ideas and real-world situations through modeling.
a. ldentify relevant quantities and develop a model to describe their relationships.
b. Interpret mathematical models in the context of the situation.
c. Make assumptions and estimates to simplify complicated situations.
d. Evaluate the reasonableness of a model and refine if necessary.
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Intermediate Algebra Unit 1 Title

Functions: Arithmetic/Geometric Sequences and Absolute Value, Step, and Piecewise Functions

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes

e |A.FBF.1a Write a function that models a relationship between two quantities using both explicit expressions and a recursive process and by
combining standard forms using addition, subtraction, multiplication and division to build new functions. (Note: IA.FBF.1a is not a
Graduation Standard.)

o

O O O O O

Define explicit and recursive expressions of a function.

Identify the quantities being compared in a real-world problem.

Write an explicit and/or recursive expressions of a function to describe real-world problems.

Recall parent functions.

Apply transformations of parent functions.

Combine different parent functions (adding, subtracting, multiplying, and/or dividing) to write a function that describes a real-world
problem.

e |A.FBF.2* Write arithmetic and geometric sequences both recursively and with an explicit formula, use them to model situations, and
translate between the two forms.

(@)

(@)

o

O O OO

O O OO

(@)

Explain how a recursive formula tells one how a sequence starts and tells one how the previous value(s) to generate the next term of
the sequence.

Explain that an explicit formula enables one to find any term of a sequence without knowing the term before it. [e.g., if one needs to
know the fifteenth term of the sequence, one substitutes the number fifteen into the explicit formula.]

Differentiate between the explicit and recursive formulas for sequences.

Define an arithmetic sequence as a sequence of numbers that is formed so that the difference between consecutive terms is always
the same and is known as the common difference.

Determine the common difference for arithmetic sequences.

Continue arithmetic sequences.

Determine the unknown terms of an arithmetic sequence using the explicit formula.

Define a geometric sequence as a sequence of numbers that is formed so that the ratio of consecutive terms is always the same and
is known as the common ratio.

Determine the common ratio for geometric sequences.

Continue geometric sequences.

Determine unknown terms of a geometric sequence using the explicit formula.

Determine whether sequences are arithmetic, geometric or neither.

Convert a term of an arithmetic sequence into the next term and write a recursive formula for the sequence, a,=a,.; + d.
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Write an explicit formula for an arithmetic sequence, a, = a; + (n-1) d.

Explain why the recursive formula for an arithmetic sequence uses addition and why the explicit formula uses multiplication.

Translate between the recursive and the explicit forms of arithmetic sequences.

Determine whether a real-world problem models an arithmetic sequence and write an equation to model the situation.

Convert a term of a geometric sequence into the next term and write a recursive formula for the sequence, a,=r * a,.;.

Write an explicit formula for a geometric sequence, a, =r * a™.

Explain why the recursive formula for a geometric sequence uses multiplication and why the explicit formula uses exponentiation.

Translate between the recursive and the explicit forms of geometric sequences.

O Determine whether a real-world problem models a geometric sequence and write an equation to model the situation.

e |A.FBF.3* Describe the effect of the transformations kf (x), f (x) + k, f(x + k), and combinations of such transformations on the graph of
y = f(x) for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its
graph. (Limit to linear; quadratic; exponential with integer exponents; vertical shift and vertical stretch.)

o Explain why f(x) + k translates the original graph of f(x) up k units and why f(x) - k translates the original graph of f(x) down k units.
Explain why f(x + k) translates the original graph of f(x) left k units and why f(x - k) translates the original graph of f(x) right k units.
Describe the transformation that changed a graph of f(x) into a different graph when given pictures of the pre-image and the image.
Determine the value of k given a graph of a transformed function.

Graph the listed transformations when given a graph of f(x) and avalue of k [f(x) £+ k, f(x £ k) and f(x + k) + k].

O Generate and compare examples of functions with different k values.

e |AFIF.3* Define functions recursively and recognize that sequences are functions, sometimes defined recursively, whose domain is a subset
of the integers.

o Convert a list of numbers (sequence) into a function by making the whole numbers (0, 1, 2, 3, ...) the inputs and the terms (elements)

of the sequence the outputs (Bainbridge).

o Explain that an explicit formula enables one to find any term of a sequence without knowing the term before it. [e.g., if one needs to

know the fifteenth term of the sequence, one substitutes the number fifteen into the explicit formula.]

o Differentiate between explicit and recursive formulas for sequences.

O OO0 OO O0OO0OO o

O O OO
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IA.FIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. Graph simple
cases by hand and use technology for complicated cases. (Limit to linear; guadratie; exponential only in the form y = a* + k.)

o Complete tables and graph sequences on the coordinate plane.

O Write arithmetic sequences as linear functions then graph the functions.

O Write geometric sequences as exponential functions then graph the functions.
IA.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal. (Limit to
linear; quadratic; exponential.)
IA.FLQE.2* Create symbolic representations of linear and exponential functions, including arithmetic and geometric sequences, given graphs,
verbal descriptions, and tables. (Limit to linear; exponential.)
IA.FLQE.5* Interpret the parameters in a linear or exponential function in terms of the context.

Absolute Value, Step, and Piecewise Functions

Piecewise Functions
o Define piecewise functions as functions that have different rules for evaluation depending on the value of the input.
o Determine which evaluation rule to use for a specific input value, x.
o Represent a piecewise function with a table and a graph by evaluating multiple input values.
o Write piecewise functions to represent data given in tables or depicted on a graph.
o Graph a piecewise function given the function rule.
(Linear) Absolute Value Functions
o Identify the parent absolute value function as f(x) = |x|.
Identify the two evaluation rules used for f(x) = |x| and other simple absolute values like f(x) = |6 — x| and f(x) = 2|x + 7|.
Identify the minimum or maximum of the absolute value function as the vertex.
Recognize that the vertex will be a minimum or a maximum by inspecting the equation of the absolute value.
Calculate the y-intercept of the absolute value function by evaluating when x = 0.
f(x) = alx = h| + k Identify the vertex, the line of symmetry, vertex as maximum if a < 0, vertex as minimum if a > 0.
Determine if x-intercepts exist based upon vertex and whether the vertex is a minimum or a maximum.
Determine the x-intercepts of the absolute value algebraically.
Graph an absolute value function using evaluated points.
Graph and absolute value function using transformations of parent functions and using technology.

O O O O O O O O O
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e Step functions
o Graph a step function by substituting values for x and plotting the points.
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High School Support Document

New Academic Vocabulary for This Unit

Arithmetic Sequence
Common Difference
Common Ratio
Composition of Functions
End Behavior

Explicit Formula
Geometric Sequence
Greatest Integer Function
(Linear) Absolute Value Function
Piecewise Function
Recursive Formula
Sequence

Step Function

Term
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Prior Knowledge Required for this Unit

In earlier grades/courses, students have developed conceptual knowledge and have had the opportunity to learn how to:

Represent functions in multiple ways — mappings, tables, graphs, equations and verbal descriptions (8.F.1 —5).

Create symbolic representations of linear functions (FA.FLQE.2).

Graph functions and indicate key features with quadratic and linear only (FA.FIF.7).

Effects of transformation with linear, quadratic, and exponential with integer exponents (FA.FBF.3).

Comparing the properties of two functions given in different forms for linear, quadratic, and exponential with integer exponents (FA.FIF.9).
Interpret the parameters in a linear function in terms of context (FA.FLQE.5).
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Subsequent Knowledge Related to this Unit

e Intermediate Algebra Unit 2 addresses linear functions and equations given graphs, verbal descriptions, and tables (IA.FLQE.2*).
e Intermediate Algebra Unit 6 creates symbolic representations of functions given graphs, verbal descriptions, and tables (IA.FLQE.2*).
¢ Intermediate Algebra Unit 6 addresses the connection between geometric and exponential functions (IA.FBF.2*, IA.FIF.3*, IA.FIF.7%*).
e Intermediate Algebra Unit 1 creates symbolic representations of functions given graphs, verbal descriptions, and tables (IA.FLQE.2*).
o Geometric sequences and connections will also be addressed in Intermediate Algebra Unit 6: Exponential Functions and Equations.
o Intermediate Algebra Unit 1 defines functions recursively and recognize that sequences are functions (IA.FIF.3%*).
o Geometric sequences and connections will also be addressed in Intermediate Algebra Unit 6: Exponential Functions and Equations.
e Intermediate Algebra Unit 1 writes a function that models a relationship between two quantities (IA.FBF.1a; note: IA.FBF.1a is not a
Graduation Standard.).
o Will also be addressed in Intermediate Algebra Unit 4: Quadratic Functions and Equations, Intermediate Algebra Unit 5: Rational and
Simple Rational Functions and Equations, and Intermediate Algebra Unit 6: Exponential Functions and Equations.
e Intermediate Algebra Unit 1 graphs functions from their symbolic representations (IA.FIF.7*).
o Will also be addressed in Intermediate Algebra Unit 5: Rational and Simple Rational Functions and Equations.
e Intermediate Algebra Unit 1 describes the effect of the transformations on the graph of y = f(x) and writes the equation of a transformed
parent function given its graph (IA.FBF.3*).
o Will also be addressed in Intermediate Algebra Unit 4: Quadratic Functions and Equations, Intermediate Algebra Unit 5: Rational and
Simple Rational Functions and Equations, and Intermediate Algebra Unit 6: Exponential Functions and Equations.
e Intermediate Algebra Unit 1 compares properties of two functions given in different representations (IA.FIF.9%).
o Will also be addressed in Intermediate Algebra Unit 4: Quadratic Functions and Equations.
e Intermediate Algebra Unit 1 interprets the parameters in a linear function in terms of the context (IAFLQE.5*).
o Will also be addressed in Intermediate Algebra Unit 6: Exponential Functions and Equations.
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Relationship Among Standards in this Unit

The standards in this unit include functions not specifically covered in the subsequent Intermediate Algebra units. Students are expected to write,
graph, apply, and interpret these functions. The focus in Unit 1 is on the characteristics, similarities and differences in the following functions:
linear, absolute value, arithmetic/geometric sequence, piecewise, and step functions. The goal is for students to develop, understand, and make
connections between a variety of function forms: equations, graphs, verbal descriptions, and tables. The terms recursively and explicitly are
introduced for the first time, along with arithmetic sequences and geometric sequences. Sequences that are neither arithmetic nor geometric
(Fibonacci, quadratic, etc.) should be included for comparison. Focus is placed on real world applications and contextual situations that students can
relate to. Emphasis is also placed on the transformation of these functions in the coordinate plane.

Determining an output value for a particular input involves evaluating an expression; finding inputs yielding a given output involves solving an
equation. Questions about when two functions have the same value for the same input lead to equations, whose solutions can be visualized from
the intersection of their graphs. Because functions describe relationships between quantities, they are frequently used in modeling. Sometimes
functions are defined by a recursive process, which can be displayed effectively using a spreadsheet or other technology (Bainbridge).
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 1.

Arithmetic Sequences (IA.FBF.1 and 2; IA.FIF.3)
a. Writing Arithmetic Sequences Recursively and Explicitly
Algebra Lab: Arithmetic Sequences
Algebra 1 Lessons WCCUSD: Arithmetic Sequences
Algebra 1 Lessons WCCUSD: Sequences - Search and Rescue Activity
LearnZillion: Model Arithmetic Sequences And Situations By Using Both Recursive And Explicit Formulas
b. Writing Geometric Sequences Recursively and Explicitly
Algebra Lab: Geometric Sequences
Algebra 1 Lessons WCCUSD: Geometric Sequences
Algebra Lab: Algebra 2 Recipe: Geometric Sequences
c. Graphing Calculator Exploration of Arithmetic Sequences
Tl Education: Arithmetic Sequences & Series
d. Instructional Unit
Georgia Standards of Excellence Frameworks GSE Coordinate Algebra Unit 3: Linear & Exponential Functions

Drop-In Unit developed by South Carolina team of mathematics leaders — Sequences: Arithmetic & Geometric and Explicit & Recursive
(2010)

Geometric Sequences (IA.FBF.1 and 2; IA.FIF3)
a. Writing Geometric Sequences Recursively And Explicitly
Algebra Lab: Geometric Sequences
Algebra Lab: Algebra 2 Recipe: Geometric Sequences
b. Instructional unit
Georgia Standards of Excellence Frameworks GSE Coordinate Algebra Unit 3 - Linear & Exponential Functions

Piece-Wise Functions (IA.FIF.7*)

a. Connecting Piece-Wise, Absolute Value, and Step Functions
Algebra 1 Lessons WCCUSD: Graphing Piecewise Functions
Birdville Schools: Extension Activity For Piece-Wise Functions
Math Is Fun: Piece-Wise
MathBits Notebook: Piece-Wise
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http://www.algebralab.org/lessons/lesson.aspx?file=Algebra_ArithSeq.xml
http://www.algebralab.org/lessons/lesson.aspx?file=Algebra_ArithSeq.xml
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://learnzillion.com/lesson_plans/882-model-arithmetic-sequences-and-situations-by-using-both-recursive-and-explicit-formulas
http://learnzillion.com/lesson_plans/882-model-arithmetic-sequences-and-situations-by-using-both-recursive-and-explicit-formulas
http://www.algebralab.org/lessons/lesson.aspx?file=Algebra_GeoSeq.xml
http://www.algebralab.org/lessons/lesson.aspx?file=Algebra_GeoSeq.xml
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.algebralab.org/studyaids/studyaid.aspx?file=Algebra2_11-4.xml
http://www.algebralab.org/studyaids/studyaid.aspx?file=Algebra2_11-4.xml
http://education.ti.com/en/us/activity/detail?id=EF53AC5DC8974242B1F80C2E1796DEBC
http://education.ti.com/en/us/activity/detail?id=EF53AC5DC8974242B1F80C2E1796DEBC
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://drive.google.com/file/d/0B4izZAYE-C-kYlRWaGl0QVV3MU0/view?usp=drive_web
http://www.algebralab.org/lessons/lesson.aspx?file=Algebra_GeoSeq.xml
http://www.algebralab.org/lessons/lesson.aspx?file=Algebra_GeoSeq.xml
http://www.algebralab.org/studyaids/studyaid.aspx?file=Algebra2_11-4.xml
http://www.algebralab.org/studyaids/studyaid.aspx?file=Algebra2_11-4.xml
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.wccusd.net/Page/3224
http://schools.birdvilleschools.net/cms/lib2/TX01000797/Centricity/Domain/124/Analyzing%20Piecewise%20Functions.pdf
http://schools.birdvilleschools.net/cms/lib2/TX01000797/Centricity/Domain/124/Analyzing%20Piecewise%20Functions.pdf
http://www.mathsisfun.com/sets/functions-piecewise.html
http://www.mathsisfun.com/sets/functions-piecewise.html
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypePiecewise.html
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypePiecewise.html
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Rowe Math Wiki: Piece-Wise Module

Functions — Linear, Absolute Value, Arithmetic Sequences, Piecewise, and Step (IA.FBF.1a, 2, and 3; IA.FBF.3; IA.FIF3)
a. Videos On Graphs And Their Transformations
Virtual Nerd: Absolute Value and Piece-Wise Functions
Algebra 1 Lessons WCCUSD: Connecting Graphing & Solving Absolute Value Equations and Functions
b. Examples For Piece-Wise, Step, Greatest Integer, And Absolute Value
Glencoe McGraw-Hill: Special Functions
c. Extension Activity For Piece-Wise Functions
Birdville Schools: Analyzing Piece-Wise Functions
Key Features of Graphs
MathBits Notebook: Function Features
d. Writing Functions Given A Situation
Combining Standard Forms of Functions Using Operations: Kansas Flipbook
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http://rowemathwiki.cmswiki.wikispaces.net/file/view/NCSCOS+2-02+Module+05-Piecewise.pdf
http://rowemathwiki.cmswiki.wikispaces.net/file/view/NCSCOS+2-02+Module+05-Piecewise.pdf
http://www.virtualnerd.com/algebra-2/linear-equations-functions/absolute-value-piecewise-functions
http://www.virtualnerd.com/algebra-2/linear-equations-functions/absolute-value-piecewise-functions
http://www.wccusd.net/Page/3224
http://www.hasd.org/faculty/LenaArts/Adv26.pdf
http://www.hasd.org/faculty/LenaArts/Adv26.pdf
http://schools.birdvilleschools.net/cms/lib2/TX01000797/Centricity/Domain/124/Analyzing%20Piecewise%20Functions.pdf
http://schools.birdvilleschools.net/cms/lib2/TX01000797/Centricity/Domain/124/Analyzing%20Piecewise%20Functions.pdf
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGFunctionFeatures.html
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGFunctionFeatures.html
https://drive.google.com/file/d/0BzgduC-7NoX7c3oyenZOSWhEMUk/view?usp=drive_web
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Resources

Activity Resources
a. lllustrative Mathematics: Activities For All Levels
b. Robert Kaplinksy: Problem-based Learning Activities

Algebra Course Content Resources from Other States
a. EngageNY: Algebra 2 Resources
b. Georgia Department of Education: Algebra 2 Resources
c. Monterey Institute: Algebra 1: An Open Course (Part 1)
d. Regents Prep: Algebra 2 and Trig
e. Virginia Department of Education: Algebra 2 Resources

Graphing Calculator Resources
a. Desmos: Online Graphing Calculator with Many Pre-Made Activities
b. Texas Instruments: Texas Instruments Algebra 2 Graphing Calculator Activities
c. Wabbit: Online TI-84 Silver Edition Graphing Calculator Emulator

Interactive Resources
a. Emergent Math: Emergent Math
b. ExploreLearning: Gizmo Online Simulations
c. Interactive Quizzes: Interactive Quizzes for High School Assessments
d. Shodor: Sequencer

Practice Tests and Assessment Resources
a. California Department of Education: California Algebra Released Test Questions

b. Jefferson Lab: Practice Tests from Virginia for All Levels of Math
c. Problem-Attic: Problem-Attic
d. XL Math: XL Math for Algebra 2

Video Resources
a. HippoCampus: Videos for Algebra 2
b. LearnersTV: Videos for Algebra 2
c. Virtual Nerd: Videos for Algebra 2
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https://www.illustrativemathematics.org/content-standards
https://www.illustrativemathematics.org/content-standards
http://robertkaplinsky.com/lessons/
http://robertkaplinsky.com/lessons/
https://www.engageny.org/resource/high-school-algebra-ii
https://www.engageny.org/resource/high-school-algebra-ii
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://moodle.montereyinstitute.org/course/view.php?id=2
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
https://www.desmos.com/
https://www.desmos.com/
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://wabbit.codeplex.com/
https://wabbit.codeplex.com/
http://emergentmath.com/
http://emergentmath.com/
http://www.explorelearning.com/index.cfm?method=cResource.dspStandardCorrelation&id=1109
http://www.explorelearning.com/index.cfm?method=cResource.dspStandardCorrelation&id=1109
http://www.iq.poquoson.org/math.htm
http://www.iq.poquoson.org/math.htm
http://www.shodor.org/interactivate/activities/Sequencer/
http://www.shodor.org/interactivate/activities/Sequencer/
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
http://education.jlab.org/solquiz/
http://education.jlab.org/solquiz/
http://www.problem-attic.com/
http://www.problem-attic.com/
https://www.ixl.com/math/algebra-2
https://www.ixl.com/math/algebra-2
http://www.hippocampus.org/HippoCampus/Algebra%20%26%20Geometry
http://www.hippocampus.org/HippoCampus/Algebra%20%26%20Geometry
http://www.learnerstv.com/Free-Maths-Video-lectures-ltv493-Page1.ht
http://www.learnerstv.com/Free-Maths-Video-lectures-ltv493-Page1.ht
http://www.virtualnerd.com/algebra-2/all
http://www.virtualnerd.com/algebra-2/all
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Sample Formative Assessment Tasks/Questions

Functions — Linear, Absolute Value, Arithmetic/Geometric Sequences, Piecewise, and Step Functions (IA.FBF.1, 2, and 3; IA.FBF.3; IA.FIF.3)
a. Describe key characteristics of the graph of f(x) = |x — 1] + 3.
Sketch the graph and identify key characteristics of f(x) = {x +2,x>0; —x%,x < —1 }
What is the difference between a recursive and an explicit representation of a sequence?
Use the linear function f(x) = 5x — 17to write an explicit formula for an arithmetic sequence that can be described by the function.
Can 3,087 be in the pattern described by the given pattern rules? How do you know?
O Option 1: The pattern rule is: Start at 9. Keep adding 3.
O Option 2: The pattern rule is: The term value is 4 times the term number + 3. (Small 46)
f. Create two patterns that are very much like the given pattern. Explain why the three patterns are alike.
o Option1:3,4,6,9, 13,18
o Option 2: 3, 7,11, 15, 19 (Small 48)
g. The function f(x) = |x|is transformed by translating to the right and then vertically stretching. Draw the new function on the graph. What is
the equation of the new function? (Small 44)
h. A number pattern includes both a 3 and a 13 as terms. What might be the general term of the pattern (Small 19)?
i. A pattern rule includes the following words and numbers (among others), not necessarily in this order: 2, subtract, multiply
o Write out a complete pattern rule.
o List the first 10 terms in your pattern based on your rule.
o Tell about a number greater than 100 that is NOT in your pattern and how you know it’s not there (Small 20).
j. Which of these patterns are most alike? Why (Small 21)?
o Pattern1: 2,5, 8,11, 14, ...
o Pattern2: 2,7,12,17, 22,27, ..
o Pattern3: 3,6,9,12, 15, ...
k. Jamie lists the first five terms of a linear pattern that grows quickly, and Adrienne lists the first five terms of a linear pattern that grows
slowly. What could their patterns be? How could the graphs representing the patterns differ (Small 21)?

©ooo o

Transformations: Linear, Absolute Value, Arithmetic Sequences, Piecewise, Step (IA.FBF.3)
a. She Loves Math: Parent Functions and Transformations
b. On the axes, graphf (x) = [x|. If (x) = f(x) — 2, then how is the graph of f(x) translated to form the graph of g(x)? If h(x) = f(x — 4),
then how is the graph of g(x) translated to form the graph of h(x)?
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http://www.shelovesmath.com/algebra/advanced-algebra/parent-graphs-and-transformations/
http://www.shelovesmath.com/algebra/advanced-algebra/parent-graphs-and-transformations/
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Piece-Wise Functions (IA.FIF.7)
a. CPM Educational Program: Connecting Piecewise Functions to Continuity Extension

Arithmetic/Geometric Sequences (IA.FBF.1 and 2; IA.FIF.3)
a. Algebra Lab: Algebra 2 Practice
b. Mathematics Vision Project: Arithmetic and Geometric Sequences Module/Activity
c. NRICH: Activity on Comparing Two Arithmetic Sequences
d. Virginia Department of Education: Sequence Matching Activity with Information on Differentiation and Essential Questions

Inside Mathematics: Performance Assessment Tasks
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http://www.cpm.org/pdfs/state_supplements/Piecewise_Functions.pdf
http://www.cpm.org/pdfs/state_supplements/Piecewise_Functions.pdf
http://www.algebralab.org/practice/practice.aspx?file=Algebra2_11-4.xml
http://www.algebralab.org/practice/practice.aspx?file=Algebra2_11-4.xml
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://nrich.maths.org/9431
http://nrich.maths.org/9431
http://www.doe.virginia.gov/testing/solsearch/sol/math/7/mess_7-2.pdf
http://www.doe.virginia.gov/testing/solsearch/sol/math/7/mess_7-2.pdf
http://www.insidemathematics.org/performance-assessment-tasks
http://www.insidemathematics.org/performance-assessment-tasks

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Intermediate Algebra Unit 1: Functions: Arithmetic/Geometric Sequences and Absolute Value, Step, and Piecewise Functions
Return to High School Overview, High School Table of Contents, or Intermediate Algebra Coversheet.

Intermediate Algebra Unit 1 Bibliography

Bainbridge, K., Holman, B., Baker, S., & Yuu, W. (2011). The common core: clarifying expectations for teachers & students: math high school -
modeling, number & quantity, algebra, functions, geometry, statistics & probability. Columbus, OH: McGraw-Hill Education.

Small, M. & Lin, A. (2010). More good questions: great ways to differentiate secondary mathematics instruction. New York: Teachers College Press.
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Intermediate Algebra Unit 2 Title

Linear Equations/Inequalities and Systems of Equations/Inequalities

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes

For all standards in this unit, Intermediate Algebra must extend the knowledge and applications of linear equations/inequalities/relationships that
were begun in Foundations in Algebra. It is important to apply and extend skills learned in Foundations in Algebra and not to simply reteach already
covered in Foundations in Algebra. Students should experience real-world applications of linear equations/inequalities/relationships in a much
more complex contextual situation than they experienced in Foundations in Algebra. Students are introduced to linear inequalities in Foundations in
Algebra, and in Intermediate Algebra the concept of linear inequalities is extended to include compound inequalities, absolute value inequalities,
and systems of inequalities. Emphasize the constraints on domain and range, particularly when applied to real-world contextual situations.

e |A.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving linear, guadratic,-simple
ratienal, and exponential relationships. Interpret the solutions and determine whether they are reasonable. (Limit to linear; quadratic;
exponential with integer exponents.)

o Use real-world contexts to generate and solve equations and inequalities in one-variable.

O Analyze solutions for their meaning and rationale within the given context.

O Interpreting solutions includes solutions graphed on a number line.

o Extend (not re-teach) what was learned in Foundations in Algebra. Students learned to solve and graph linear equations and
inequalities in Foundations in Algebra. In Foundations of Algebra, emphasis is placed on the application of these skills to real-world
and contextual situation type scenarios.

Provide examples that are real world applications and more complex than those begun in Foundations in Algebra.

o0 Included in the study of inequalities in Intermediate Algebra are compound inequalities and absolute value inequalities; more
complex applications of compound and absolute value inequalities will appear in Algebra 2.

0 Emphasize the meaning of the variables in the situational and real-world applications.

Extend knowledge of graphing inequalities learned in Foundations in Algebra to graphing systems of inequalities.

o0 Included in this unit are linear systems of equations and inequalities. Unit 4 of Intermediate Algebra (Quadratic

Functions/Equations/Inequalities) will address systems that include quadratic equations and inequalities.

Emphasize the meaning of the variables in the situational and real-world applications.

0 Ensure understanding of the difference in meaning and appearance of the graph for an inequality or system of inequalities that
include <,>,<,>and # .

o

o

o
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e |A.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales. (Limit to linear; quadratic; exponential with integer exponents; direct and indirect variation.)
o Understand that linear equations define the relationship between two variables.
Generate and graph equations to represent the relationship between two variables.
Use appropriate labels, units, and scales to represent the relationship of two variables in a given real-world context.
Extend knowledge and applications of linear equations/relationships begun in Foundations in Algebra.
Emphasize the importance of appropriate labels, units, and scales. Appropriate labels, units, and scales are essential for accurately
modeling the relationship between the two quantities (mathematical process standard #6). Incorrect scales on the graph will distort
the visual appearance of the relationship. Labels and units are important to accurately understand and interpret graphs.
O Emphasize the meaning of the variables in the situational and real-world applications.
o |A.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.
o Apply the properties and operations of real numbers to solve for a specified variable (e.g., Solve a linear equation in standard form
for y; solve A = Iw for w and include other formulas from a variety of disciplines).

O O OO
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New Academic Vocabulary for This Unit

® Break-Even Point
e Systems of Inequalities
e Unbounded System
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Prior Knowledge Required for this Unit

Working with expressions and equations, including formulas, is an integral part of the curriculum in grades 7 and 8. In high school, students explore
in more depth the use and application of equations and inequalities to model real-world problems, including restricting domains and ranges to fit
the problem’s context, as well as rewriting formulas for a variable of interest. In Foundations in Algebra, the primary focus is on graphing and
solving linear equations and inequalities. Foundations in Algebra also includes systems of equations but does not include systems of inequalities. In
Intermediate Algebra, these skills are extended to more complex situations and modeling of real-world applications. Below are the linear equations
and inequalities standards students had the opportunity to learn in Foundations to Algebra:

Create and solve equations and inequalities in one variable (A1.ACE.1*).

Create and graph equations in two or more variables (A1.ACE.2*).

Solve literal equations and formulas for specified variable (A1.ACE.4*).

Solve linear equations and inequalities with coefficients represented by letters (A1.AREI.3*).
Justify the solution to a system of linear equations (A1.AREI.5).

Solve a system of linear equations graphically and algebraically (A1.AREI.6*).

Graph the solutions of a linear inequality in two variables (A1.AREI.12*).
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Subsequent Knowledge Related to this Unit

e |A.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving linear, quadratic, simple
rational, and exponential relationships. Interpret the solutions and determine whether they are reasonable.
o Will also be addressed in Intermediate Algebra Unit 5: Radical and Simple Rational Functions and Equations and Intermediate Algebra
Unit 6: Exponential Functions and Equations.
e |A.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales.
o Will also be addressed in Intermediate Algebra Unit 4: Quadratic Functions, Equations and Inequalities and Intermediate Algebra Unit
6: Exponential Functions and Equations.
e |A.ACE.3 Use systems of equations and inequalities to represent constraints arising in real-world situations. Solve such systems using
graphical and analytical methods. Interpret the solution within the context of the situation.
o Will also be addressed in Intermediate Algebra Unit 4: Quadratic Functions, Equations and Inequalities.
e |A.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.
o Will also be addressed in Algebra 2 Unit 4: Quadratic Functions, Equations and Inequalities; Intermediate Algebra Unit 5: Rational and
Simple Rational Functions and Equations, and Intermediate Algebra Unit 6: Exponential Functions and Equations.
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Relationship Among Standards in this Unit

All standards in this unit address linear equations/inequalities and systems of linear equations/inequalities. It is important to note that this unit also
includes compound inequalities and absolute value inequalities.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 2.

Linear Equations (IA.ACE.1%*; IA.ACE.2%*)

a. Activities for Creating an Equation Given a Situation
Illustrative Mathematics: Planes and Wheat
Illustrative Mathematics: Paying the Rent
Illustrative Mathematics: Buying a Car
Illustrative Mathematics: Clea on an Escalator

Compound/Absolute Value Inequalities (IA.ACE.1%)
a. CK-12: Overview of Solving Compound Inequalities
b. Great Valley School District: Absolute Value Inequality Word Problems for Assessment
c. Monterey Institute: Explanation of Compound Inequalities as a Union or Intersection of Inequalities
d. Purple Math: Overview Of Solving Absolute Value Inequalities

Systems of Equations and Inequalities (IA.ACE.3)
a. Algebra-Class: Systems of Inequalities Practice Problems
b. Algebra 1 Lessons WCCUSD: Solving Systems of Inequalities
c. lluminations: Using TI-83/84 to Develop Understanding of Linear Programming: Dirt Bike Dilemma

Literal Equations and Formulas (IA.ACE.4*)
a. lllustrative Mathematics: Equations and Formulas

When teaching solving literal equations, educators should make connections to relevant science, business, and CATE applications (STEM).

Collaboration with teachers within such disciplines is encouraged.
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https://www.illustrativemathematics.org/content-standards/tasks/580
https://www.illustrativemathematics.org/content-standards/tasks/580
https://www.illustrativemathematics.org/content-standards/tasks/581
https://www.illustrativemathematics.org/content-standards/tasks/581
https://www.illustrativemathematics.org/content-standards/tasks/582
https://www.illustrativemathematics.org/content-standards/tasks/582
https://www.illustrativemathematics.org/content-standards/tasks/1003
https://www.illustrativemathematics.org/content-standards/tasks/1003
https://braingenie.ck12.org/skills/107867
https://braingenie.ck12.org/skills/107867
http://www.gvsd.org/cms/lib02/PA01001045/Centricity/Domain/384/4.6%20Absolute%20Value%20Inequality%20Word%20Problems%20for%20Assessment.pdf
http://www.gvsd.org/cms/lib02/PA01001045/Centricity/Domain/384/4.6%20Absolute%20Value%20Inequality%20Word%20Problems%20for%20Assessment.pdf
http://www.montereyinstitute.org/courses/DevelopmentalMath/COURSE_TEXT2_RESOURCE/U10_L3_T1_text_final.html
http://www.montereyinstitute.org/courses/DevelopmentalMath/COURSE_TEXT2_RESOURCE/U10_L3_T1_text_final.html
http://www.purplemath.com/modules/absineq.htm
http://www.purplemath.com/modules/absineq.htm
http://www.algebra-class.com/systems-of-inequalities-practice.html
http://www.algebra-class.com/systems-of-inequalities-practice.html
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://illuminations.nctm.org/Lesson.aspx?id=2355
http://illuminations.nctm.org/Lesson.aspx?id=2355
https://www.illustrativemathematics.org/content-standards/tasks/393
https://www.illustrativemathematics.org/content-standards/tasks/393
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Resources

Algebra 2 Course Content Resources from Other States
a. EngageNY: Algebra 2 Resources
b. Georgia Department of Education: 9 — 12 Resources
c. Henrico County Public Schools: Algebra 2 Resources
d. Monterey Institute: Algebra 1: An Open Course (Part 1)
e. Regents Prep: Algebra 2 and Trig

Activity Resources
a. lllustrative Mathematics: Activities For All Levels
b. Robert Kaplinksy: Problem-Based Learning Activities

Graphing Calculator Resources
a. Desmos: Online Graphing Calculator with Many Pre-Made Activities
b. Texas Instruments: Texas Instruments Algebra 2 Graphing Calculator Activities
c. Wabbit: Online TI-84 Silver Edition Graphing Calculator Emulator

Interactive Resources
a. Emergent Math: Emergent Math
b. Explore Learning: Gizmo Online Simulations
c. Interactive Quizzes: Interactive Quizzes for High School Assessments

Practice Tests and Assessment Resources
a. California Department of Education: California Algebra Released Test Questions
b. Practice Tests from Virginia for All Levels of Math - http://education.jlab.org/solquiz/
c. Problem-Attic: Sample Problems
d. XL Math for Algebra 2 - XL Math for Algebra 2

Video Resources
a. HippoCampus: Videos for Algebra 2
b. LearnersTV: Videos for Algebra 2
c. Virtual Nerd: Videos for Algebra 2
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https://www.engageny.org/resource/high-school-algebra-ii
https://www.engageny.org/resource/high-school-algebra-ii
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
http://moodle.montereyinstitute.org/course/view.php?id=2
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
https://www.illustrativemathematics.org/content-standards
https://www.illustrativemathematics.org/content-standards
http://robertkaplinsky.com/lessons/
http://robertkaplinsky.com/lessons/
https://www.desmos.com/
https://www.desmos.com/
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://wabbit.codeplex.com/
https://wabbit.codeplex.com/
http://emergentmath.com/
http://emergentmath.com/
http://www.explorelearning.com/index.cfm?method=cResource.dspStandardCorrelation&id=1109
http://www.explorelearning.com/index.cfm?method=cResource.dspStandardCorrelation&id=1109
http://www.iq.poquoson.org/math.htm
http://www.iq.poquoson.org/math.htm
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
http://education.jlab.org/solquiz/
http://education.jlab.org/solquiz/
http://www.problem-attic.com/
http://www.problem-attic.com/
https://www.ixl.com/math/algebra-2
https://www.ixl.com/math/algebra-2
http://www.hippocampus.org/HippoCampus/Algebra%20%26%20Geometry
http://www.hippocampus.org/HippoCampus/Algebra%20%26%20Geometry
http://www.learnerstv.com/Free-Maths-Video-lectures-ltv493-Page1.ht
http://www.learnerstv.com/Free-Maths-Video-lectures-ltv493-Page1.ht
http://www.virtualnerd.com/algebra-2/all
http://www.virtualnerd.com/algebra-2/all
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Sample Formative Assessment Tasks/Questions

Linear Equations, Inequalities, and Systems of Equations and Inequalities (A2.ACE.1*; A2.ACE.2*; A2.ACE.3; A2.ACE.4*)
a. CK—-12: Multiple Choice Problems for Absolute Value Inegualities
b. llluminations: Dirt Bike Dilemma (Addresses the development and assesses the conceptual understanding of linear programming; can be used
for  aresource for teaching the lesson or a formative assessment.)
c. lllustrative Mathematics: Activities For Writing A System Of Inequalities With Constraints
d. llustrative Mathematics: How Much Folate?

Literal Equations and Formulas (A2.ACE.4%*)
a. Consider the equation 3y + 4x — 12 = 0. What information does the graphical representation of the equation quickly provide that the
algebraic representation does not provide as readily (Small 39)?
b. These two equations are equivalent:
-5 400

2x + 5y =400 X=—y+—

Liam says that both equations model this situation: | have some 55 bills and two identical piles of 51 bills. Altogether, | have 5400. Which
equation do you think is a better description? Why (Small 39)?

a. Inside Mathematics: Performance Assessment Tasks
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https://braingenie.ck12.org/skills/106665
https://braingenie.ck12.org/skills/106665
http://illuminations.nctm.org/Lesson.aspx?id=2355
http://illuminations.nctm.org/Lesson.aspx?id=2355
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/3/tasks/644
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/3/tasks/644
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/3/tasks/1351
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/3/tasks/1351
http://www.insidemathematics.org/performance-assessment-tasks
http://www.insidemathematics.org/performance-assessment-tasks
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Intermediate Algebra Unit 2 Bibliography

Small, M., and Lin, A. (2010). More good questions: great ways to differentiate secondary mathematics instruction. New York: Teachers College
Press.
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Intermediate Algebra Unit 3 Title

Polynomials
Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e |A.AAPR.1* Add, subtract, and multiply polynomials and understand that polynomials are closed under these operations. (Limit to linear;
guadratic.)
o Understand the definition of a polynomial.
Simplify polynomial expressions to forms that are linear or quadratic in a positive integer power of x.
Emphasize that when adding and subtracting polynomials, we can only combine terms with like terms.
Understand that when multiplying polynomials, you must use the distributive property.
Describe how polynomials are closed under these three operations (when adding, subtracting or multiplying two polynomials the
result is a polynomial).
O InIntermediate Algebra, the polynomials should have real coefficients.
e |AASE.1* Interpret the meanings of coefficients, factors, terms, and expressions based on their real-world contexts. Interpret complicated
expressions as being composed of simpler expressions. (Limit to linear; quadratic; exponential.)
o Explain the real-world meanings behind coefficients, factors, terms and expressions in linear, quadratic and exponential situations.
o Utilize factoring skills to rewrite complicated expressions as simpler expressions.
o Decompose expressions and make sense of the multiple factors and terms by explaining the meaning of the individual parts.
e |A.ASE.2* Analyze the structure of binomials, trinomials, and other polynomials in order to rewrite equivalent expressions.
O Expressions can be written in multiple ways using the rules of algebra; each version of the expression reveals something about the
problem it represents.
Explain why equivalent expressions are equivalent.
Apply models for factoring and multiplying polynomials to rewrite expressions.
Understand that factoring is the distributive process in reverse.
Recognize that the Greatest Common Factor (GCF), which was first introduced as a 7th grade standard, is the first step to any
factoring situation.
0 Examine the terms in a polynomial in order to determine which factoring technique should be used to fully factor the polynomial.

O O O O

o
o
o
o
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New Academic Vocabulary for This Unit

e binomial

e degree of a polynomial

e descending order

e difference of two squares
e factoring by grouping

e |eading coefficient

e perfect square trinomial
e polynomial

e prime polynomials

e standard form of a polynomial
e trinomial
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Prior Knowledge Required for this Unit

In earlier grades, students have developed conceptual knowledge and have had the opportunity to learn how to:

Find common factors and multiples using two whole numbers (6.NS.4).

Investigate and identify parts of algebraic expressions using mathematical terminology, including term, coefficient, constant, and factor
(6.EEI.2B).

Apply mathematical properties to simplify and to factor linear algebraic expressions with rational coefficients (7.EEI.1).

Recognize that algebraic expressions may have a variety of equivalent forms and determine an appropriate form for a given real-world
situation (7.EEI.2).

Understand and apply the laws of exponents to simplify numerical expressions that include integer exponents (8.EEI.1).

Interpret the meanings of coefficients, factors, terms, and expressions based on their real-world contexts. Interpret complicated expressions
as being composed of simpler expressions (FA.ASE.1%*).

Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function (Limit to
linear; quadratic; exponential) (FA.FIF.8%).
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Subsequent Knowledge Related to this Unit

e Intermediate Algebra Unit 3 develops the sense of polynomials as a closed system under addition, subtraction and multiplication
(IA.AAPR.1%*)
o This will be extended to addition, subtraction and multiplication of radicals in Intermediate Algebra Unit 5.
O Recognizing and combining like terms is essential to solving all equations in mathematics.
e Intermediate Algebra Unit 3 develops factoring skills (IA.ASE.1*; IA.ASE.2*)

O Factoring will be utilized in Intermediate Algebra Unit 4 to find the zeros of a quadratic function by rewriting it in equivalent factored
form and explain the connection between the zeros of the function, its linear factors, the x-intercepts of its graph, and the solutions
to the corresponding quadratic equation.

o Factoring techniques are used extensively in all upper level mathematics courses.

e Intermediate Algebra Unit 3 requires students to explain the real-world meanings behind coefficients, factors, terms and expressions in
linear, quadratic and exponential situations (IA.ASE.1%*).

o Students will explain the meanings of coefficients, factors, terms and expressions in all future mathematics courses.
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Relationship Among Standards in this Unit

The standards in Intermediate Algebra Unit 3 begin with work concentrated on writing linear, quadratic and exponential expressions to model real
world situations. Initially, the student will focus on developing their abilities to read and write algebraic statements. Next, students will create
connections between the arithmetic of integers and the arithmetic of polynomials. While studying the operations of polynomials, students should
utilize area models of multiplication to better grasp the abstract nature. Students are then, asked to go backwards by factoring polynomials.
Factoring is one of the most abstract mathematical ideas in introductory Algebra, and students often struggle to learn the techniques because they
don't see the point. Connecting these procedures to the elementary model of partial products for multi-digit multiplication, to the area model of
multiplication (fractions, decimals, polynomials), and the middle school concept of prime and composite numbers, as well as, interpreting the
structure of expressions in a real world context will help students confidently work with these abstractions..
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 3.

Interpret the Meanings of Expressions (IA.ASE.1%*)

a.

b.

Interpreting Expressions

Mathematics Assessment Project — Mathematics Assessment Resource Service: Interpreting Algebraic Expressions - Online Lesson Plan

Mathematics Assessment Project — Mathematics Assessment Resource Service: Interpreting Algebraic Expressions
LearnZillion: Write and Interpret Real-World Expressions

Translation of Expressions

MathBitsNotebook: Expression Translation

MathBitsNotebook: Expression Practice

Evaluation of Expressions

MathBitsNotebook: Expression Evaluation

Virtual Nerd: Variable Substitution

Khan Academy: Expression Evaluation

Polynomial Operations (FA.AAPR.1%)

a.

C.

Polynomial Definition and Concepts

MathBitsNotebook: Defining and Classifying Polynomials
Monterey Institute: Topic 1: Polynomials

Regents Prep: Like Terms

Regents Prep: Monomials, Binomials and Polynomials
[llustrative Mathematics: Non-Negative Polynomials

Mathematics Assessment Project — Mathematics Assessment Resource Service: Generating Polynomials from Patterns : Online Lesson Plan

Mathematics Assessment Project — Mathematics Assessment Resource Service: Generating Polynomials from Patterns

Polynomial Addition and Subtraction

Monterey Institute: Topic 2: Adding and Subtracting Polynomials
MathBitsNotebook: Polynomial Addition and Subtraction

Virtual Nerd: Adding Polynomials

Virtual Nerd: Subtracting Polynomials

Virtual Nerd: Subtracting Polynomials (Difference in Length and Width)
Monomial by Polynomials
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http://map.mathshell.org/lessons.php?unit=9225&collection=8
http://map.mathshell.org/download.php?fileid=1726
https://learnzillion.com/lesson_plans/6324-write-and-interpret-real-world-expressions
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEtranslations.html
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEequationPractice.html
http://mathbitsnotebook.com/Algebra1/AlgebraicExpressions/AEevaluating.html
http://www.virtualnerd.com/algebra-1/algebra-foundations/variables-expressions/algebraic-expressions/plugging-variables-into-expressions
https://www.khanacademy.org/math/algebra/introduction-to-algebra/variable-and-expressions/v/variables-and-expressions-1
http://mathbitsnotebook.com/Algebra1/Polynomials/POpolys.html
http://mathbitsnotebook.com/Algebra1/Polynomials/POpolys.html
http://www.montereyinstitute.org/courses/Algebra1/U08L2T1_RESOURCE/index.html
http://www.regentsprep.org/regents/math/algebra/av2/slike.htm
http://www.regentsprep.org/regents/math/algebra/av2/smono.htm
https://www.illustrativemathematics.org/content-standards/HSA/APR/A/1/tasks/1656
http://map.mathshell.org/lessons.php?unit=9230&collection=8
http://map.mathshell.org/lessons.php?unit=9230&collection=8
http://map.mathshell.org/download.php?fileid=1728
http://www.montereyinstitute.org/courses/Algebra1/U08L2T2_RESOURCE/index.html
http://mathbitsnotebook.com/Algebra1/Polynomials/POaddsubtract.html
http://mathbitsnotebook.com/Algebra1/Polynomials/POaddsubtract.html
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/add-subtract/add/addition-example
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/add-subtract/add/addition-example
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/add-subtract/subtract/subtraction-example
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/add-subtract/subtract/subtraction-example
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/add-subtract/subtract/subtraction-word-problem
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/add-subtract/subtract/subtraction-word-problem
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MathBitsNotebook: Monomial by Polynomial Multiplication
Virtual Nerd: Monomial by Polynomial Multiplication
Regents Prep: Multiplying By a Monomial

d. Binomial Multiplication
MathBitsNotebook: Binomial Multiplication
Virtual Nerd: Binomial Multiplication
Virtual Nerd: FOIL Binomial Multiplication
Virtual Nerd: Grid Method Multiplication
Regents Prep: Multiplying Binomials - Distributive, Vertical, Grid & FOIL methods
Regents Prep: Special Binomial Patterns
MathBitsNotebook: Special Binomial Multiplication

e. Polynomial (more) Multiplication
Monterey Institute: Topic 3: Multiplying Polynomials
Monterey Institute: Topic 4: Special Products of Polynomials
Regents Prep: Multiplication Involving Trinomials
MathBitsNotebook: Polynomial Multiplication
Virtual Nerd: Polynomial Multiplication
Virtual Nerd: Polynomial Grid Multiplication Application
Monterey Institute: Polynomial Poke Game
Georgia Department of Education: Mathematics Framework: Polynomials Multiplication Unit
Quia: Polynomial Jeopardy
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http://mathbitsnotebook.com/Algebra1/Polynomials/POmultiply.html
http://mathbitsnotebook.com/Algebra1/Polynomials/POmultiply.html
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/monomials-polynomials/polynomials/monomial-by-polynomial-multiplication
http://www.virtualnerd.com/algebra-1/exponents-exponential-functions/monomials-polynomials/polynomials/monomial-by-polynomial-multiplication
http://www.regentsprep.org/regents/math/algebra/av3/multMon.htm
http://mathbitsnotebook.com/Algebra1/Polynomials/PObinomial.html
http://mathbitsnotebook.com/Algebra1/Polynomials/PObinomial.html
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/distributive-multiplicaton/binomial-multiplication-distributive-property
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/distributive-multiplicaton/binomial-multiplication-distributive-property
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/foil-multiplicaton/foil-method-example-problem
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/foil-multiplicaton/foil-method-example-problem
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/foil-multiplicaton/grid-multiplication-method
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/foil-multiplicaton/grid-multiplication-method
http://www.regentsprep.org/regents/math/algebra/av3/Smul_bin.htm
http://www.regentsprep.org/regents/math/algebra/av3/Smorbin2.htm
http://mathbitsnotebook.com/Algebra1/Polynomials/PObispecial.html
http://mathbitsnotebook.com/Algebra1/Polynomials/PObispecial.html
http://www.montereyinstitute.org/courses/Algebra1/U08L2T3_RESOURCE/index.html
http://www.montereyinstitute.org/courses/Algebra1/U08L2T4_RESOURCE/index.html
http://www.regentsprep.org/regents/math/algebra/av3/Strinom.htm
http://mathbitsnotebook.com/Algebra1/Polynomials/POpolynomial.html
http://mathbitsnotebook.com/Algebra1/Polynomials/POpolynomial.html
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/distributive-multiplicaton/trinomial-multiplication
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/distributive-multiplicaton/trinomial-multiplication
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/distributive-multiplicaton/trinomial-multiplication-word-problem
http://www.virtualnerd.com/algebra-1/polynomials-and-factoring/multiply-divide/distributive-multiplicaton/trinomial-multiplication-word-problem
http://www.montereyinstitute.org/courses/Algebra1/U08GAME_RESOURCE/index.html
https://www.georgiastandards.org/Frameworks/GSO%20Frameworks/9-12%20Math%20I%20Student%20Edition%20Unit%202%20Algebra%20Investigations.pdf
http://www.quia.com/cb/79603.html
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Factoring Polynomials (IA.ASE.1*; IA.ASE.2%*)

a.

Greatest Common Factor (GCF)

StudyZone: Factoring using GCF Lesson

Khan Academy: Factoring Simple Expressions

Monterey Institute: Factoring and the Distributive Property

Special Factors

Monterey Institute: Factoring Special Products

Khan Academy: Factoring Special Products

Regents Prep: Factoring the Difference of Two Perfect Squares

Factoring Trinomials

West Contra Costa Unified School District: Multiplying Binomials and Factoring Trinomials using Algebra Tiles
West Contra Costa Unified School District: Factoring Quadratics Lesson
Monterey Institute: Factoring Trinomials by Grouping 1

Monterey Institute: Factoring Trinomials by Grouping 2

Khan Academy: How to Factor Quadratics with a Leading Coefficient of 1
Regent Prep: Factoring Trinomials wherea =1

Regent Prep: Factoring Trinomials by Grouping

Monterey Institute: Match Factors Game

Quia: Factoring Rags to Riches

Regent Prep: Factoring Completely

Interpreting Coefficients, Factors, and Terms in Expressions

LearnZillion: Interpret Complex Expressions

Khan Academy: What are Terms, Factors and Coefficients in Algebraic Expressions?
Goal Book: Interpreting the Parts of an Expression
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http://www.studyzone.org/mtestprep/math8/g/8gcffactorsl.cfm
https://www.khanacademy.org/math/algebra-basics/quadratics-polynomials-topic/Factoring-simple-expressions-core-algebra/v/factoring-linear-binomials
http://www.montereyinstitute.org/courses/Algebra1/U09L1T1_RESOURCE/index.html
http://www.montereyinstitute.org/courses/Algebra1/U09L2T1_RESOURCE/index.html
https://www.khanacademy.org/math/algebra-basics/quadratics-polynomials-topic/factoring-special-products-core-algebra/v/factoring-special-products
http://www.regentsprep.org/regents/math/algebra/av6/Lfactps.htm
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/MultiplyingBinomialsFactoringTrinomialsV3.pdf
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/FactoringQuadraticsLesson20152016v1.pdf
http://www.montereyinstitute.org/courses/Algebra1/U09L1T2_RESOURCE/index.html
http://www.montereyinstitute.org/courses/Algebra1/U09L1T3_RESOURCE/index.html
https://www.khanacademy.org/math/algebra-basics/quadratics-polynomials-topic/factoring-quadratic-expressions-core-algebra/v/factoring-polynomials-1
http://www.regentsprep.org/regents/math/algebra/av6/Ltri1.htm
http://www.regentsprep.org/regents/math/algebra/av6/Lgrouping.htm
http://www.montereyinstitute.org/courses/Algebra1/U09GAME_RESOURCE/index.html
http://www.quia.com/rr/36611.html
http://www.regentsprep.org/regents/math/algebra/av6/LtriComplete.htm
https://learnzillion.com/lesson_plans/6911-write-and-interpret-complex-expressions#fndtn-lesson
https://www.khanacademy.org/math/cc-sixth-grade-math/cc-6th-expressions-and-variables/cc-6th-parts-of-expressions/v/expression-terms-factors-and-coefficients
https://goalbookapp.com/toolkit/goal/interpreting-the-parts-of-an-expression
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Resources

e Georgia Department of Education: Mathematics Teacher Support

e Gizmos: Resource Catalog

o GoalBook: Tool Kit

e Hippocampus: Algebra & Geometry - Presentations, Worked Examples, Test Prep & Simulations
e IXL Learning: Algebra 1 Practice

o lllustrative Mathematics: High School Content Lesson Index

e Khan Academy: Algebra 1

e LearnZillion: Algebra Math Video Lessons

o MathBits: Working with Algebra Tiles

o MathBitsNotebook: Algebra 1

e Mathematics Assessment Project — Mathematics Assessment Resource Service: Classroom Challenges (Formative Assessment Lessons)
¢ Mathematics Assessment Project — Mathematics Assessment Resource Service: Guide for Teachers and Administrators
e Monterey Institute: Algebra 1: An Open Course (Part 1)

e Monterey Institute: Algebra 1: An Open Course (Part 2)

e Monterey Institute: Algebra 1: An Open Course - Unit 8: Polynomials

e Monterey Institute: Algebra 1: An Open Course - Unit 9: Factoring

e National Library of Virtual Manipulatives: Algebra Virtual Manipulatives

e Quia: Mathematics Shared Activities

e Regents Exam Prep Center: Algebra

e SAS Curriculum Pathways: SAS Algebra 1 Course

e Study Zone: Intermediate Test Prep (6-8)

e Virtual Nerd: Algebra 1

e West Contra Costa Unified School District: Algebra 1 Lessons
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https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog#grades
https://goalbookapp.com/toolkit-info/
http://www.hippocampus.org/Algebra%20%26%20Geometry?view=Media
https://www.ixl.com/math/algebra-1
https://www.illustrativemathematics.org/content-standards/HS
https://www.khanacademy.org/math/algebra
https://learnzillion.com/resources/75023-algebra-math-video-lessons
http://mathbits.com/MathBits/AlgebraTiles/AlgebraTiles/AlgebraTiles.html
http://mathbitsnotebook.com/Algebra1/Algebra1.html
http://mathbitsnotebook.com/Algebra1/Algebra1.html
http://map.mathshell.org/background.php
http://map.mathshell.org/guides/map_cc_teacher_guide.pdf
http://moodle.montereyinstitute.org/course/view.php?id=2
http://moodle.montereyinstitute.org/course/view.php?id=3
http://www.montereyinstitute.org/courses/Algebra1/PD8_RESOURCE/Algebra%20I_PD_U08_InstrGuide_v1.1%20.pdf
http://www.montereyinstitute.org/courses/Algebra1/PD9_RESOURCE/Algebra%20I_PD_U09_InstrGuide_v1.1.pdf
http://nlvm.usu.edu/en/nav/category_g_3_t_2.html
http://www.quia.com/shared/mathematics/
http://www.regentsprep.org/regents/math/algebra/math-ALGEBRA.htm
https://www.sascurriculumpathways.com/portal/mobile/algebra1/start.html
http://www.studyzone.org/mtestprep/math8.cfm
http://www.virtualnerd.com/algebra-1/all
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
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Sample Formative Assessment Tasks/Questions

Interpret the Meanings of Expressions (IA.ASE.1%)
a. IXL: Polynomial Vocabulary - 1
b. IXL: Polynomial Vocabulary - 2
c. Khan Academy: Practice Interpreting Expressions
d. Khan Academy: Practice Writing Expressions

Polynomial Operations (FA.AAPR.1%)
IXL: Model Polynomials with Algebra Tiles
Gizmos: Addition of Polynomials
IXL: Add and Subtract Polynomials using Algebra Tiles
IXL: Add and Subtract Polynomials - 1
IXL: Add and Subtract Polynomials - 2
Regents Prep: Practice Adding Polynomials
Regents Prep: Practice Subtracting Polynomials
IXL: Add Polynomials To Find Perimeter
Regents Prep: Applied Practice with Adding Polynomials
IXL: Multiply a Polynomial by a Monomial
Regents Prep: Practice with Monomials
IXL: Multiply Two Polynomials Using Algebra Tiles

. IXL: Multiply Two Binomials
IXL: Multiply Two Binomials: Special Cases
Regents Prep: Multiplying Binomials Matching Quiz
IXL: Multiply Polynomials -1
IXL: Multiply Polynomials - 2
Regents Prep: Practice Multiplying Polynomials
Regents Prep: Practice Applying Multiplication of Polynomials
Regents Prep: Grid Game for Multiplying (or Factoring) Polynomials
Monterey Institute: Project-Based Learning Activity: It’s All Fun and Games
Monterey Institute: Exploring Polynomials Performance Task
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https://www.ixl.com/math/algebra-1/polynomial-vocabulary
https://www.ixl.com/math/algebra-2/polynomial-vocabulary
https://www.khanacademy.org/math/algebra/introduction-to-algebra/writing-expressions-tutorial/e/interpreting-expressions
https://www.khanacademy.org/math/algebra/introduction-to-algebra/writing-expressions-tutorial/e/writing_expressions_2
https://www.ixl.com/math/algebra-1/model-polynomials-with-algebra-tiles
https://www.explorelearning.com/index.cfm?method=cResource.dspDetail&ResourceID=97
https://www.ixl.com/math/algebra-1/add-and-subtract-polynomials-using-algebra-tiles
https://www.ixl.com/math/algebra-1/add-and-subtract-polynomials
https://www.ixl.com/math/algebra-2/add-and-subtract-polynomials
http://www.regentsprep.org/regents/math/algebra/av2/sprac_a.htm
http://www.regentsprep.org/regents/math/algebra/av2/sprac_s.htm
https://www.ixl.com/math/algebra-1/add-polynomials-to-find-perimeter
http://www.regentsprep.org/regents/math/algebra/av2/sapplied.htm
https://www.ixl.com/math/algebra-1/multiply-a-polynomial-by-a-monomial
http://www.regentsprep.org/regents/math/algebra/av3/PracMon.htm
https://www.ixl.com/math/algebra-1/multiply-two-polynomials-using-algebra-tiles
https://www.ixl.com/math/algebra-1/multiply-two-binomials
https://www.ixl.com/math/algebra-1/multiply-two-binomials-special-cases
http://www.regentsprep.org/regents/math/algebra/av3/BinJava.htm
https://www.ixl.com/math/algebra-1/multiply-polynomials
https://www.ixl.com/math/algebra-1/multiply-polynomials
https://www.ixl.com/math/algebra-2/multiply-polynomials
http://www.regentsprep.org/regents/math/algebra/av3/PracPoly.htm
http://www.regentsprep.org/regents/math/algebra/av3/Papply.htm
http://www.regentsprep.org/regents/math/algebra/av3/GridPoly.htm
http://www.montereyinstitute.org/courses/Algebra1/U08PROJECT_RESOURCE/index.html
http://www.montereyinstitute.org/courses/Algebra1/U08SIM_RESOURCE/index.html
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Factoring Polynomials (IA.ASE.1*; IA.ASE.2%*)

StudyZone: Factoring GCF Practice

Khan Academy: Factoring Algebraic Expressions using the Distributive Property
Regents Prep: Practice Factoring with Common Factors

Khan Academy: Factor Special Products

Regents Prep: Practice Factoring the Difference of Two Perfect Squares
Gizmos: Modeling Factorization

Khan Academy: Factoring Quadratics with a leading Coefficient of 1

Regents Prep: Online Factoring Quiz

Monterey Institute: Perfecting the Long Kick in Soccer Performance Task
Regents Prep: Applications of Factoring

LearnZillion: Bonita’s Bakery - Performance Task for Interpreting Expressions, Factors and Coefficients
I.  Khan Academy: Identifying Terms, Factors and Coefficients in Expressions

Q
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Polynomials Unit
a. Georgia Department of Education: Mathematics Framework: Polynomials Unit Tasks
b. Monterey Institute: Project-Based Learning Activity: A Cool Million
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http://www.studyzone.org/mtestprep/math8/g/8gcffactorsp.cfm
https://www.khanacademy.org/math/algebra-basics/quadratics-polynomials-topic/Factoring-simple-expressions-core-algebra/e/factoring_linear_binomials
http://www.regentsprep.org/regents/math/algebra/av6/PracFact4.htm
https://www.khanacademy.org/math/algebra-basics/quadratics-polynomials-topic/factoring-special-products-core-algebra/e/factoring_difference_of_squares_1
http://www.regentsprep.org/regents/math/algebra/av6/PracFact1.htm
https://www.explorelearning.com/index.cfm?method=cResource.dspDetail&ResourceID=111
https://www.khanacademy.org/math/algebra-basics/quadratics-polynomials-topic/factoring-quadratic-expressions-core-algebra/e/factoring_polynomials_1
http://www.regentsprep.org/regents/math/algebra/av6/QUIZFactoringA1.html
http://www.montereyinstitute.org/courses/Algebra1/U09SIM_RESOURCE/index.html
http://www.regentsprep.org/regents/math/algebra/av6/PracFact7.htm
https://learnzillion.com/resources/15957
https://www.khanacademy.org/math/cc-sixth-grade-math/cc-6th-expressions-and-variables/cc-6th-parts-of-expressions/e/identifying-parts-of-expressions
https://www.georgiastandards.org/Frameworks/GSO%20Frameworks/9-12%20Math%20I%20Student%20Edition%20Unit%202%20Algebra%20Investigations.pdf
http://www.montereyinstitute.org/courses/Algebra1/U09PROJECT_RESOURCE/index.html
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Intermediate Algebra Unit 4 Title

Quadratic Functions, Equations, and Inequalities

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e |A.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving linear, quadratic, simple
rational, and exponential relationships. Interpret the solutions and determine whether they are reasonable. (Limit to linear; quadratic;
exponentialwith-integerexponents:)

o ldentify the variable quantities in real-world contexts.
o Use context to choose the applicable algebraic model (linear equation, linear inequality, or quadratic equation).
o Write, solve, and interpret the solution of an equation or inequality.
e |A.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales. (Limit to linear; quadratic; expenrentialwith-integerexponents;-directand-indirectvariation.)
o lIdentify the variables and quantities in real-world contexts.
o Use context to choose the applicable algebraic model (e.g., linear, quadratic).
o Write and graph equations in two or more variables, and interpret relationships among variables.
e |A.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.
o Isolate variables to rewrite equations and formulas in equivalent forms.

e |A.AREL4 Solve mathematical and real-world problems involving quadratic equations in one variable. (Note: A1.AREl.4a and 4b are not
Graduation Standards.)

e IA.AREl.4a* Use the method of completing the square to transform any quadratic equation in x into an equation of the form (x-h)*=k that
has the same solutions. Derive the quadratic formula from this form.

o Identify a quadratic expression, ax? + bx + c.

o ldentify a perfect-square trinomial by noticing if a and c are perfect squares and if b = 2ac.
o Factor a perfect square trinomial.

o Complete the square of ax? + bx + c to write the quadratic in the form (x — p)? = q.

o Derive the quadratic formula by completing the square of ax? + bx + c.

e |A.AREL.4b* Solve quadratic equations by inspection, taking square roots, completing the square, the quadratic formula and factoring, as
appropriate to the initial form of the equation. Recognize when the quadratic formula gives complex solutions and write them as a+bi for
real numbers a and b. (Limit to non-complex roots.)

o Determine the best method to solve a quadratic equation in one variable (e.g. by inspection, finding square roots, competing the
square, applying the quadratic formula, or factoring).
o Explain that complex solutions result when the radicand is negative in the quadratic formula (b? — 4ac < 0).
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IA.AREL.11* Solve an equation of the form (x)=g(x) graphically by identifying the x-coordinate(s) of the point(s) of intersection of the graphs
of y=f(x) and y=g(x). (Limit to linear; quadratic;-expenentiak)
o Describe that a point of intersection on the graph of a system of equations, y = f(x) and y = g(x), represents a solution to both
equations.
o Understand that that since y = f(x) and y = g(x), f(x) = g(x) by the substitution property.
o Understand that the x-coordinate of the point(s) of intersection for y = f(x) and y = g(x) are also solutions for the f(x) = g(x).
o Use technology (handheld or computer) to approximate solutions to systems of equations f(x) and g(x).
IA.ASE.3* Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity represented by the
expression.
o lllustrate properties of a function represented through expressions written in multiple ways.
o Predict whether a quadratic will have a minimum or a maximum based on the value of a.
o Identify the maximum and minimum of a quadratic written in the form a(x-h)* + k
IA.ASE.3a* Find the zeros of a quadratic function by rewriting it in equivalent factored form and explain the connection between the zeros of
the function, its linear factors, the x-intercepts of its graph, and the solutions to the corresponding quadratic equation.
o Connect the linear factors of a quadratic expression (ax’+bx+c) to the graphic and algebraic representations of the zeros of the
function (Bainbridge).
IA.FBF.1 Write a function that describes a relationship between two quantities. (Note: IA.FBF.1a is not a Graduation Standard.)
IA.FBF.1a Write a function that models a relationship between two quantities using both explicit expressions and a recursive process and by
combining standard forms using addition, subtraction, multiplication and division to build new functions.
o Define explicit and recursive expressions of a function.
o lIdentify the quantities being compared in a real-world problem.
o Write an explicit and/or recursive expressions of a function to describe real-world problems.
IA.FBF.1b* Combine functions using the operations addition, subtraction, multiplication, and division to build new functions that describe
the relationship between two quantities in mathematical and real-world situations.
o Recall parent functions.
o Apply transformations of parent functions.
o Combine different parent functions (adding, subtracting, multiplying, and/or dividing) to write a function that describes a real-world
problem.
o Explain a multi-step real world problem in terms of function composition and write an equation to describe the composition.
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e |A.FBF.3 Describe the effect of the transformations (x), (x)+k, f(x+k), and combinations of such transformations on the graph of y=f(x) for
any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its graph. (Limit to
linear; quadratic; expenentialwith-integerexpenents; vertical shift and vertical stretch.)

o Explain why f(x) + k translates the original graph of f(x) up k units and why f(x) - k translates the original graph of f(x) down k units.
Explain why f(x + k) translates the original graph of f(x) left k units and why f(x - k) translates the original graph of f(x) right k units.
Describe the transformation that changed a graph of f(x) into a different graph when given pictures of the pre-image and the image.
Determine the value of k given a graph of a transformed function.

Graph the listed transformations when given a graph of f(x) and a value of k [f(x) 1= k, f(x = k) and f(x £ k) 1= k].

o Generate and compare examples of functions with different k values.

e |A.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. (Limit
to linear; quadratic;-expenentiak)

o Connect this content to the content of A1.AREI.4*.

o Create a graph that matches the description and shows all of the key features of the function, if applicable, the y-intercept, x-
intercept(s), increasing interval, decreasing interval, relative minimum, relative maximum, and symmetry.

Explain the meaning of all the key features included in a graph or verbal description.

Explain why some quadratic functions have more than one x-intercept.

Define “increasing interval” as a set of function inputs for which the output increases as the input increases.

Define “decreasing interval” as a set of function inputs for which the output decreases as the input increases.

Identify and explain the contextual meaning of increasing and decreasing intervals and the relative maximum or minimum of a table

or graph.

o ldentify the reflective symmetry in a table or graph.

e |A.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes. (Limit to
linear; quadratic; expenential.)

o Analyze the input and output values of a function in algebraic, graphic, tabular, and verbal forms.

e |AFIF.6* Given a function in graphical, symbolic, or tabular form, determine the average rate of change of the function over a specified
interval. Interpret the meaning of the average rate of change in a given context. (Limit to linear; quadratic; expenentiat.)

o Calculate the average rate of change of a function (expressed with function notation, a graph, or a table).

@)
@)
@)
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e |A.FIF.7 Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. Graph simple
cases by hand and use technology for complicated cases. (Limit to linear; quadratic; expenentialonly-intheform-y=ax+k.)

o Explain that the parent function for a quadratic function is the parabola f{x) = x°.

Explain that the minimum or maximum of a quadratic is called the vertex.

Identify whether the vertex of a quadratic will be a minimum or maximum by looking at the equation.

Find the y-intercept of a quadratic by substituting 0 for x and evaluating the function.

Estimate the vertex of a quadratic by evaluating different values of x.

Use calculated values while looking for a maximum or minimum to decide if the quadratic has x-intercepts.

Estimate the x-intercepts of a quadratic by evaluating different values of x.

Graph a quadratic function using evaluated points.

o Use technology to graph a quadratic and to find precise values for the x-intercept(s) and the maximum or minimum.

e |AFIF.8 Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.
(Limit to linear; quadratic; exponential.) (Note: A1.FIF.8a is not a Graduation Standard.)

o Equations, verbal descriptions, graphs, and tables provide insight into the relationship between quantities.

Explain that there are three forms of quadratic functions: standard form, vertex form, and factored form/intercept form.

Explain that standard form is f(x) = ax’ + bx + c.

Explain that the vertex form is f{x) = a(x-h)’ + k.

Explain that factored form/intercept form is f(x) = a(x - x1)(x-x).

Explain that the graph of all three forms is a parabola.

Explain that all parabolas can be written in standard and vertex form, but that parabolas without x-intercepts can be expressed in

factored form using real numbers.

Use the x-intercepts of a quadratic function to find the axis of symmetry.

Use the axis of symmetry of a quadratic to find the vertex of a parabola.

Identify the line of symmetry and vertex of a quadratic written in vertex form.

Sketch the graph of a parabola written in vertex form.

Determine if a quadratic written in vertex form has x-intercepts by looking at the equation.

Use algebra to find the x-intercepts of a quadratic written in vertex form.

Demonstrate that the standard and vertex forms of the same quadratic function produce the same values for the x-intercepts, the y-

intercept, and the vertex.

O 0 O O O O O

O O O O O O

O O O O O O O
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IA.FIF.8a Use the process of factoring and completing the square in a quadratic function to show zeros, extreme values, and symmetry of the
graph, and interpret these in terms of a context.

o Translate a standard form quadratic to factored form by factoring.
o Translate a standard form quadratic to vertex form by completing the square.
o Demonstrate that the standard, vertex, and factored/intercept forms of the same quadratic function produce the same values for the
x-intercepts, the y-intercept, and the vertex.
o Write the function that describes a parabola in all three forms (standard, vertex, and factored/intercept) when given a graph with the
x-intercepts, y-intercept, and vertex labeled.
IA.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal. (Limit to
linear; quadratic; expenential.)
o Provide insight into the properties of linear and quadratic functions by comparing different representations of two functions.
IA.NCNS.1* Know there is a complex number i such that i’=-1, and every complex number has the form a+bi with a and b real.
o Identify that iis a complex number where i’=-land i =V—1.
o Identify that a complex number is written of the form a+bi with a and b real.
IA.NCNS.7* Solve quadratic equations in one variable that have complex solutions.

o Determine when a quadratic equation in standard form, ax? + bx + ¢ = 0, has complex roots by examining the graph of f(x) =
2
ax® + bx + c.

o Solve quadratic equations with real numbers as coefficients.
o Express the solution of a quadratic equation as a complex number, a+bi.
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New Academic Vocabulary for This Unit

e Complete the square

Complex number

Factored form

i

Intercept form

Real number

Roots of a quadratic

Standard form of a quadratic equation
Vertex form
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Prior Knowledge Required for this Unit

FA.ASE.1 and FA.ASE.2 included creating one and two variable linear equations in Unit 1; these standards are now applied and extended to a
new function family, quadratic, in this Unit 3.

During Foundations Unit 1, rewriting simple expressions with radicals provided foundation for quadratic solutions with rational and irrational
square roots.

FA.ACE.4 requires fluent variable manipulation and empowers students to rewrite functions as equations.

Student understanding of function relationships, as seen in FA.AREI.10 for functions in two variables, can be expressed in tabular, algebraic
(equation), and graphical forms.

Previous student exposure to linear functions was established in Units 1 and 2, particularly the function notation of f(x) and how that relates
to understanding of function concepts including 1-to-1 domain to range, particularly as communicated within ordered pairs.

In grade 8, students examined the properties of rigid transformations (rotations, reflections, and translations); reflections and translations
will be re-examined with the parent function, f(x) = x°, a parabola rather than geometric figures. (8.GM.1)

Student understanding of the geometric concept of symmetry from middle school will be applied to parabolas; symmetry appears in the
graph of a parabola as well as the numerical/tabular representation of a quadratic function. A parabola has a vertical line of symmetry that
can be expressed as a vertical line (non-function), and the maximum/minimum of the parabola is the vertex and is a point on the line of
symmetry.

Factoring polynomials, from Unit 3, will be applied to discover zeros of a quadratic, as well as creating understanding of completing the
square.
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Subsequent Knowledge Related to this Unit

e Intermediate Algebra Unit 5 introduces radical and simple rational functions and equations.

e Intermediate Algebra Unit 5 extends the key features of the graphs of radical and rational functions (domain, range, y-intercept, zeros,
intervals of increase/decrease, axis of symmetry, vertex, end behavior, asymptotes, etc.).

e Intermediate Algebra Unit 6 introduces exponential functions and equations.

e Intermediate Algebra Unit 6 extends the key features of the graphs of simple exponential functions (domain, range, y-intercept, zeros,
intervals of increase/decrease, axis of symmetry, vertex, end behavior, asymptotes, etc.).
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Relationship Among Standards in this Unit

The standards in Unit 4 focus on quadratic functions, equations, and converting between forms of quadratic functions. Students will determine if a
relation is a quadratic function by analyzing information gathered from tables, graphs, and expressions. They will explore variable rate of change
and determine how the rate of change for a quadratic function differs from the rate of change for a linear function. Unit 4 explores critical attributes
of quadratic functions, including finding the vertex and axis of symmetry of the graph of a quadratic function; using the graph, table, or factors to
identify the zeros; and determining if the vertex is the maximum or minimum value of the function. Access to a variety of technologies, such as
graphing utilities, spreadsheets, and computer algebra systems, to solve problems will support mastery of these standards. This unit guides students
to recognize the quadratic parent function f(x) = x2, and to explain how a transformation of the parent function can stretch the graph, compress
it, or move it left, right, up, or down. Building upon a solid understanding of the features of the graphs of quadratic functions, students will identify
the nature and number of solutions (real or complex, and none, one, or two).

In this unit, students will:

Focus on quadratic functions, equations, and applications,

Model quadratic equations through quadratic functions using a vertical motion model,

Find the vertex of the graph of a quadratic function and convert a quadratic function from standard to vertex form,
Apply the vertex form of a quadratic function to find real solutions of quadratic equations,

Explain why the graph of every quadratic function is a translation of the graph of the basic function f (x) = x?,
Convert between factored/intercept, vertex, and standard forms of quadratic functions.

Solve quadratic equations.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 4.

Analysis of Quadratic Functions and Parabolas (IA.FBF.3*; IA.ASE.3(3a); IA.AREL4; IA.FIF.1*(1a,1b,1c); IA.FIF.8 (8a); IA.FIF.9%)
a. Transforming the graph of the quadratic parent function f(x) = x°

Introduction to Quadratics

Algebra 1 Lessons WCCUSD: Exploring Quadratic Graphs

Khan Academy: Transforming the Graphs of Quadratic Functions
VirtualNerd: Transforming Parent Functions of Quadratics

Hippocampus: Simulations — Algebra 1 — Quadratic Functions: Shape Shifter

You Cubed — Stanford: Squares to Stairs

You Cubed — Stanford: Squares Upon Squares

Graphing Quadratics

Khan Academy: Graphing Quadratic Functions

EngageNY: Introduction to Quadratic Function and Graphing
Purplemath: Graphing Quadratic Functions

CoolMath: Graphing Quadratics (Parabolas)

Virtual Nerd: Graphs of Quadratic Functions

Algebra 1 Lessons WCCUSD: Key Features of Graphs
Hippocampus: Presentations — Algebra 1 — Graphing Quadratic Functions
Average Rate of Change

Rewriting Quadratics in Different Forms

MathBitsNotebook: Vertex Form of Quadratic Functions

Khan Academy: Different Forms of Quadratic Functions and the Features They Reveal

Algebra 1 Lessons WCCUSD: Three Forms of a Quadratic Function: Matching Quadratic Functions

Khan Academy: Features of Quadratic Functions

Mathematics Assessment Project — Mathematics Assessment Resource Service: Representing Quadratic Functions Graphically
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https://drive.google.com/file/d/0B3urANBKsZFRQnhOVkNyZzBDUGc/view?usp=sharing
http://www.wccusd.net/Page/3224
https://www.khanacademy.org/math/algebra/quadratics/transforming-quadratic-functions/v/shifting-and-scaling-parabolas
http://www.virtualnerd.com/algebra-2/quadratics/transforming-functions/transformations/graph-parent-function
http://www.hippocampus.org/Algebra%20%26%20Geometry?loadLeftClass=Course&loadLeftId=75&loadTopicId=7499
https://www.youcubed.org/task/squares-to-stairs/
https://www.youcubed.org/task/squares-upon-squares/
https://www.khanacademy.org/math/algebra/quadratics/graphing-quadratic-functions/v/graphing-a-quadratic-function
https://www.engageny.org/resource/algebra-i-module-1-topic-lesson-2
http://www.purplemath.com/modules/grphquad.htm
http://www.coolmath.com/algebra/11-graphing-quadratics-parabolas
http://www.virtualnerd.com/algebra-1/quadratic-equations-functions/graphing/graph-basics
http://www.wccusd.net/Page/3224
http://www.hippocampus.org/Algebra%20%26%20Geometry?loadLeftClass=Course&loadLeftId=75&loadTopicId=7499
https://drive.google.com/file/d/0B3urANBKsZFRRkJCczRtNDRqeWc/view?usp=sharing
http://mathbitsnotebook.com/Algebra1/Quadratics/QDVertexForm.html
https://www.khanacademy.org/math/algebra/quadratics/features-of-quadratic-functions/v/rewriting-a-quadratic-function-to-find-roots-and-vertex
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/ThreeFormsOfQuadraticFunctionsLessonV1.pdf
https://www.khanacademy.org/math/algebra/quadratics/features-of-quadratic-functions/v/quadratic-functions-2
http://map.mathshell.org/download.php?fileid=1734
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d. Solving Quadratics

Khan Academy: Quadratic Equations and Functions

Purplemath: Solving Quadratic Equations

CoolMath: Solving Quadratics

CK-12 Text: Solving Quadratic Equations with Complex Roots

Math Warehouse: Quadratic Equation Solving

Creating and Solving Quadratic Equations in Terms of Context (IA.ACE.1*; IA.ACE.2*; IA.ACE.4*; IA.AREI.4* (4a, 4b); IA.FIF.2*)
Better Lessons: Modeling With Quadratic Functions

Algebra 1 Lessons WCCUSD:
Algebra 1 Lessons WCCUSD:
Algebra 1 Lessons WCCUSD:
Algebra 1 Lessons WCCUSD:
Algebra 1 Lessons WCCUSD:
Algebra 1 Lessons WCCUSD:
Algebra 1 Lessons WCCUSD:

Factoring Quadratic Expressions

Derivation of Quadratic Formula

Investigating the Discriminant

Quadratics - Matching Game

Quadratic Equations - What We Know

Three Forms of a Quadratic Function: Matching Quadratic Functions
Investigating the Discriminant
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https://www.khanacademy.org/math/algebra/quadratics
http://www.purplemath.com/modules/solvquad.htm
http://www.coolmath.com/algebra/09-solving-quadratics
http://www.ck12.org/book/CK-12-Algebra-II-with-Trigonometry-Concepts/section/5.10/
http://www.mathwarehouse.com/quadratic/solve-quadratic-equation.php
http://betterlesson.com/lesson/558828/modeling-with-quadratic-functions
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
http://www.wccusd.net/Page/3224
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Resources

Quadratic Lesson Modules, Teacher Notes, PowerPoints, Videos, Applets, and Activities
Cliff Notes: Algebra 1
Concord Consortium: Graphing Quadratic Equations
EngageNY: Algebra 1
Emergent Math: Current Education Issues in Mathematics, Blog, and Curriculum Map
Georgia Department of Education: Mathematics Teacher Support
Gizmos: Resource
Hippocampus: Algebra & Geometry - Presentations, Worked Examples, Test Prep & Simulations
Howard County Public School System: Algebra 1
IXL Learning: Algebra 1 Practice
Illustrative Mathematics: High School Content Lesson Index
Khan Academy: Algebra 1
LearnZillion: Algebra Math Video Lessons
. MathBits: Working with Algebra Tiles
MathBitsNotebook: Algebra 1
Math Open Reference: Math Subject Topic List
Mathematics Assessment Project — Mathematics Assessment Resource Service: Classroom Challenges (Formative Assessment Lessons)
Mathematics Assessment Project — Mathematics Assessment Resource Service: Guide for Teachers and Administrators
Monterey Institute: Algebra 1: An Open Course (Part 2)
Monterey Institute: Algebra 1: An Open Course - Unit 10 — Quadratic Functions
National Library of Virtual Manipulatives: Algebra Virtual Manipulatives
Parabola Match - Graph, Equation, Vertex & Axis of Symmetry
Quia: Mathematics Shared Activities
. Regents Exam Prep Center: Algebra
SAS Curriculum Pathways: Quadratics
Study Zone: Intermediate Test Prep (6-8)
. Virtual Nerd: Algebra 1
aa. West Contra Costa Unified School District: Algebra 1 Lessons
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http://www.cliffsnotes.com/study-guides/algebra/algebra-i
http://www.cliffsnotes.com/study-guides/algebra/algebra-i
http://concord.org/stem-resources/graphing-quadratic-equations
https://www.engageny.org/resource/algebra-i-module-1-topic-lesson-2
http://emergentmath.com/
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog#grades
http://www.hippocampus.org/Algebra%20%26%20Geometry?view=Media
https://hcpss.instructure.com/courses/99
https://www.ixl.com/math/algebra-1
https://www.illustrativemathematics.org/content-standards/HS
https://www.khanacademy.org/math/algebra
https://learnzillion.com/resources/75023-algebra-math-video-lessons
http://mathbits.com/MathBits/AlgebraTiles/AlgebraTiles/AlgebraTiles.html
http://mathbitsnotebook.com/Algebra1/Algebra1.html
http://www.mathopenref.com/
http://map.mathshell.org/background.php
http://map.mathshell.org/guides/map_cc_teacher_guide.pdf
http://moodle.montereyinstitute.org/course/view.php?id=3
http://www.montereyinstitute.org/courses/Algebra1/PD10_RESOURCE/Algebra%20I_PD_U10_InstrGuide_v1.1.pdf
http://nlvm.usu.edu/en/nav/category_g_3_t_2.html
https://drive.google.com/file/d/0B4izZAYE-C-kRmxiVDVlWU5tUHM/view?usp=sharing
http://www.quia.com/shared/mathematics/
http://www.regentsprep.org/regents/math/algebra/math-ALGEBRA.htm
https://www.sascurriculumpathways.com/portal/#search/g/quadratic%20functions//15/0/relevanceScore
http://www.studyzone.org/mtestprep/math8.cfm
http://www.virtualnerd.com/algebra-1/all
http://www.wccusd.net/Page/3224
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Dictionaries, Calculators, and Templates (Graphs, Graphic Organizers)

A Maths Dictionary for Kids: Explicit Vocabulary Building

A Maths Dictionary for Kids: Math Charts Printable Resources

Interactive Mathematics Dictionary: Descriptions, Related Terms, Everyday Examples, Interactive Checkpoints, More Info & Challenge

Q

Desmos: Online Graphing Calculator with Many Pre-Made Activities

Math Open Reference: Calculator

My HRW Classroom: Graphing Calculator Online

Teacher Vision: Graphic Organizer Printables

Texas Instruments: Texas Instruments Algebra 2 Graphing Calculator Activities
Wabbit: Online TI-84 Silver Edition Graphing Calculator Emulator

j- Web 2.0: Scientific Calculator

S Tm o oo0T

Teaching Strategies

a. Creative Educator: Authentic Tasks - Write a Great Authentic Task
Creative Educator: Project-Based Learning
Illustrative Mathematics: Illustrative Mathematics Homepage
Math Video Instructional Development Source: Authentic Contexts
Power Up What Works: Math Strategies that Work Research
PrBL: Project-Based Learning

moooCT
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http://www.amathsdictionaryforkids.com/dictionary.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://intermath.coe.uga.edu/dictnary/howtouse.asp
https://www.desmos.com/
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/calculator.html
https://my.hrw.com/math06_07/nsmedia/tools/Graph_Calculator/graphCalc.html
https://www.teachervision.com/graphic-organizers/printable/6293.html
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://wabbit.codeplex.com/
http://web2.0calc.com/
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
https://www.illustrativemathematics.org/
http://fcit.usf.edu/mathvids/strategies/ac.html
http://powerupwhatworks.org/resource/research-math-practices
https://sites.google.com/site/prblworkshop/problem-based
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Sample Formative Assessment Tasks/Questions

a. Mathematics Assessment Project — Mathematics Assessment Resource Service: Building Functions

b. Mathematics Assessment Project — Mathematics Assessment Resource Service: Formative Assessment Lesson - Generalizing Patterns: Table
Tiles

c. Mathematics Assessment Project — Mathematics Assessment Resource Service: Formative Assessment Lesson - Representing Quadratic
Functions Graphically

d. Mathematics Assessment Project — Mathematics Assessment Resource Service: Formative Assessment Lesson - Sorting Equations and
Identities
Mathematics Assessment Project — Mathematics Assessment Resource Service: Summative Assessment Task - Sorting Functions

f. Two parabolas have the same x-intercepts (—2,0) and (4,0). The maximum or minimum value of the first parabola is two times the
maximum or minimum value of the other parabola. Sketch these parabolas on the same coordinate grid (Small 32).

g. Yougraphy = 6x2 + 5x + 1. Does the graph change more if you increase the 6 by 1, the 5 by 1, or the 1 by 1 (Small 33).
h. Draw a graph of a parabola that grows quickly and the graph of a parabola that grows slowly. What are the equations of these parabolas
(Small 33)?
i. Compare the roots of these three equations. What do you notice?
o 4x2—17x+4=0 6x2—37x+6=0 8x2 —65x +8 =0  Add another equation that acts the same way (Small
32).

j. Graphy =x?+4x +4andy = 4(x — 4)? — 1. Tell everything you notice about both equations and both graphs (Small 31).
k. Depth of Knowledge and assessment items:
e DOK 1 - Find the roots and maximum of the quadratic equation: y = 3(x — 4)? — 3
e DOK 2 - Create three equations for quadratics in vertex form that have roots at 3 and 5 but have different maximum and/or minimum

values.
e DOK 3 - Create a quadratic equation with the largest maximum value using the whole numbers 1 through 9, no more than one time
each. y= —[](x —[ ] ?+ []. (Kaplinsky, Robert. (2015). DOK Distinguishing Between Depth of Knowledge Levels in

Mathematics.

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 261



http://map.mathshell.org/tasks.php?unit=HN07&collection=9
http://map.mathshell.org/lessons.php?collection=8&unit=9200
http://map.mathshell.org/lessons.php?collection=8&unit=9200
http://map.mathshell.org/lessons.php?collection=8&unit=9245
http://map.mathshell.org/lessons.php?collection=8&unit=9245
http://map.mathshell.org/lessons.php?collection=8&unit=9210
http://map.mathshell.org/lessons.php?collection=8&unit=9210
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Intermediate Algebra Unit 4 Bibliography
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Intermediate Algebra Unit 5 Title

Radical and Simple Rational Functions and Equations

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e |A.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving lrear-guadratie, simple
rational, and-expenential relationships. Interpret the solutions and determine whether they are reasonable.
o Create, solve, and evaluate rational equations with monomial and polynomial denominators.
o Interpret the solutions, noting if any are extraneous.
o Create, solve and evaluate radical equations.
e |A.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.
o Use equations and formulas from a variety of subjects and disciplines.

e A2.AREI.2* Solve simple rational and radical equations in one variable and understand how extraneous solutions may arise.

o Understand that not all solutions generated algebraically are actually solutions to the original equations, therefore, extraneous
solutions must be explored.

e |A.AREI.11* Solve an equation of the form f(x) = g(x) graphically by identifying the x- coordinate(s) of the point(s) of intersection of the
graphsof y = f(x) and y = g(x).

o Extend this understanding as the standard was taught in Foundations in Algebra and previous units in Intermediate Algebra.

o Explain that when we set two equations equal and solve, it is essentially the same thing as solving a system of equations. This
standard deals primarily with graphing but can easily be extended to an algebraic method.

o Limit to rational and radical functions in this unit.

e |A.FBF.1a (Note: IA.FBF.1a is not a Graduation Standard.) Write a function that models a relationship between two quantities using both
explicit expressions and-a+eeursiveprecess and by combining standard forms using addition, subtraction, multiplication and division to build
new functions.

o Understand that rational functions are the result of the division of two polynomial functions.

e |A.FBF.1b* Combine functions using the operations addition, subtraction, multiplication, and division to build new functions that describe
the relationship between two quantities in mathematical and real-world situations.

o Understand that many rational functions are the result of the combination of other functions. For example, f(x) = 1, g(x) = x, and h(x)
= x+2. m(x) = f(x)/[g(x)*h(x)] = 1/[x(x+2)] = 1/x*+2x

e |A.FBF.3* Describe the effect of the transformations kf (x), f (x) + k, f (x + k) and combinations of such transformations on the graph of
y = f(x) for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its graph.

o Understand that many rational functions are the result of a transformation of f(x) = 1/x. For example, g(x) = f(x+a) = 1/(x+a).

o Understand that many radical functions are the result of a transformation of f(x) = v/x. For example, g(x) = f(x-2) =vVx — 2
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e |AFIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity.

o Create a graph that matches the description and indicates all of the key features of the function.

o Describe positive end behavior as the trend of a function’s outputs as the input grows increasingly positive.

o Describe negative end behavior as the trend of the function’s outputs as the input grows increasingly negative.

o Use the problem situation to explain the end behavior of a function.

o A key feature of rational functions is the possibility of asymptotes and points of discontinuity.

e |A.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes.

o Explain how the domain of a function is represented in its graph.

o Emphasize that the domain of a radical function is restricted due to the requirement that the radicand must be greater than or equal
to zero.

o State the appropriate domain of a function that represents a real-world situation and explain why other numbers might be excluded
from the domain.

e |A.FIF.6* Given a function in graphical, symbolic, or tabular form, determine the average rate of change of the function over a specified
interval. Interpret the meaning of the average rate of change in a given context.

o Calculate the average rate of change of a function presented in various forms.
o Compare the rates of change of two or more functions presented in various forms.
o Use appropriate units to interpret the meaning of the average rate of change.
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e |AFIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. Graph simple
cases by hand and use technology for complicated cases.

Explain that the parent function for square root functions is the function f(x) = Vx.

Sketch the graph of a square root function using convenient input values for x (perfect squares).

Use technology to graph square root functions and to find intercepts.

Define a rational function as the ratio of two polynomials.

Describe the end behavior of a rational function when examining the graph of the function.

Determine the y-intercept of a rational function.

Determine the x-intercept of a rational function.

Determine if a rational function has a horizontal asymptote and find the asymptote.

Sketch the graph of a rational function based on its domain, x-intercepts, y-intercept, and end behavior.

Use technology to graph rational functions and to find precise values for the x-intercept(s) and the maximums and minimums.

o Emphasize asymptotes for rational functions and restricted domains for radical functions.
e |A.FIF.8* Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.
o Simplifying (by factoring or other strategies) the rational equations will help explain the discontinuity, asymptotes, and other features
of the graph of the function.
o Include rationalizing any radical monomials by using the exponent properties or binomials that include radicals by multiplying by the
conjugate.

O

0O 0O O 0O 0O O O O O
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New Academic Vocabulary for This Unit

Asymptotes (vertical and horizontal)

Conjugate

Extraneous Solution

Point of Discontinuity (removable and non-removable)
Rational Expression
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Prior Knowledge Required for this Unit

e Notice the arithmetic operations of rational expressions are governed by the same rules as the arithmetic operations of rational numbers
(7.NS.3).
e Recall and make use of their knowledge of polynomial functions to investigate the characteristics of rational functions (AAPR.1 and AAPR.3).
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Subsequent Knowledge Related to this Unit

e |A.ACE.1* Unit 5 addresses solving radical and rational equations.
o Will also be addressed in Algebra 2 Unit 5 (Radical and Rational Functions and Equations).
IA.ACE.4* Unit 5 addresses solving radical and rational literal equations and formulas.
o Will also be addressed in Algebra 2 Unit 5 (Radical and Rational Functions and Equations).
e |A.AREI.11* Unit 5 addresses solving the radical and/or rational equations graphically.
o Will also be addressed in Algebra 2 Unit 5 (Radical and Rational Functions and Equations).
e |A.FBF.1* Unit 5 writes a function that models a relationship between two quantities.
o Will also be addressed in Algebra 2 Unit 5 (Radical and Rational Functions and Equations).
e |A.FBF.3*Unit 5 describes the effect of the transformations on the graphs of radical and rational functions and writes the equation of a
transformed parent function given its graph.
o Will also be addressed in Algebra 2 Unit 5 (Radical and Rational Functions and Equations).
e |A.FIF.4* Unit 5 interprets the key features of radical and rational functions.
o Will also be addressed in Algebra 2 Unit 5 (Radical and Rational Functions and Equations).
e |AFIF.5* Unit 5 relates the domain and range of radical and rational functions to the relationships described.
o Will also be addressed in Algebra 2 Unit 5 (Radical and Rational Functions and Equations).
e |AFIF.8* Unit 5 translates between equivalent forms of rational functions.
o Will also be addressed in Algebra 2 Unit 5 (Radical and Rational Functions and Equations).
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Relationship Among Standards in this Unit
The standards in this unit include functions not specifically covered in previous math courses. Students are expected to write, graph, apply, and

interpret these functions. The focus in Unit 5 is on the key features (asymptotes and points of discontinuity) of rational and radical functions. The
goal is for students to develop, understand, and make connections between a variety of function forms: equations, graphs, verbal descriptions, and
tables. Emphasis is also placed on the transformation of these functions in the coordinate plane. The terms extraneous solutions, asymptotes, and

points of discontinuity are introduced for the first time.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 5.

In earlier grades, students should have noted rational numbers extend the arithmetic of integers by allowing division by all numbers except zero.
Similarly, rational expressions extend the arithmetic of polynomials by allowing division by all polynomials except the zero polynomial. Sign charts
are recommended when evaluating rational functions to show the change in directions of the graphs of rational functions. For both rational and
radical functions, it is essential for students to see and analyze many graphs of both types of functions. During the analysis of the graphs of the
functions, the students should look for patterns and notice what features remain the same and what changes with the graphs. After observing
several graphs, students should understand that the inverses of the power functions y = x? (with domains restricted as needed) form parent

functions y = i/x families of radical functions.

Illustrative Mathematics: Graphing Rational Functions (IA.FIF.7)

West Contra School District: Key Features and Vocabulary for Rational Functions (lA.FIF.4)
West Contra School District: Solving Radical & Equations (IA.AREI.2)

Brain Genie: Rational Exponents and Radical Functions (IA.REI.2)

Brain Genie: Solve Rational Equations (IA.REI.2)

[llustrative Math: Who Wins the Race (I A.AREI.2, IA.ACE.1, IA.AREI.11)

Geogebra: Graphs of Radical Functions (IA.FBF.3)

Geogebra: Characteristics of Radical Functions (IA.FBF.3)

Geogebra: Graph Simple Rational (IA.FBF.3)
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http://tube.geogebra.org/material/simple/id/4892
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Resources

Algebra 2 Course Content Resources from Other States
a. Algebra Lesson WCCUSD Resource: Solving Radical Equations
b. Algebra Lesson WCCUSD Resource: Solving Rational Equations
c. EngageNY: Algebra 2 Resources
d. Georgia Department of Education: 9 — 12 Resources
e. Georgia Department of Education: Unit 4 — Rational and Radical Relationships
f.  Henrico County Public Schools: Algebra 2 Resources
g. Regents Prep: Algebra 2 and Trig

Activity Resources
a. lllustrative Mathematics: Activities for Content Standards
b. Robert Kaplinsky: Problem-Based Learning Activities

C.

Yummy Math: Interpreting Functions Tasks

Interactive Resources

a.
b.

Emergent Math: Homepage
Explore Learning: Gizmo Online Simulations

Practice Tests and Assessment Resources

a.
b.
C.
d.

California Department of Education: Algebra 2 Released Test Questions
IXL Math: Algebra 2

Jefferson Lab: Virginia Standards Practice Tests

Problem Attic: Homepage

Video Resources

a.
b.

HippoCampus: Videos for High School Math
Virtual Nerd: Videos for Algebra 2

Graphing Calculator Resources

a.
b.
C.

Desmos: Online Graphing Calculator with Many Pre-Made Activities
Online TI-84 Silver Edition: Graphing Calculator Emulator
Texas Instruments: Algebra 2 Graphing Calculator Activities
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http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/SolvingRadicalEqationsV3.pdf
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/SolvingRationalEquationsV4.pdf
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/SolvingRationalEquationsV4.pdf
https://www.engageny.org/resource/high-school-algebra-ii
https://www.engageny.org/resource/high-school-algebra-ii
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-4.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-4.pdf
http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
https://www.illustrativemathematics.org/content-standards
http://robertkaplinsky.com/lessons/
http://robertkaplinsky.com/lessons/
http://www.yummymath.com/?s=%22HSF.IF%22
http://www.yummymath.com/?s=%22HSF.IF%22
http://emergentmath.com/
http://www.explorelearning.com/index.cfm?method=cResource.dspStandardCorrelation&id=1109
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
https://www.ixl.com/math/algebra-2
http://education.jlab.org/solquiz/
http://www.problem-attic.com/
http://www.problem-attic.com/
http://www.hippocampus.org/HippoCampus/Algebra%20%26%20Geometry
http://www.virtualnerd.com/algebra-2/all
http://www.virtualnerd.com/algebra-2/all
https://www.desmos.com/
https://www.desmos.com/
https://www.google.com/search?q=wabbit+online+calculator&oq=wabbit+onli&aqs=chrome.1.69i57j0l5.4917j0j4&sourceid=chrome&es_sm=119&ie=UTF-8&safe=active&ssui=on
https://www.google.com/search?q=wabbit+online+calculator&oq=wabbit+onli&aqs=chrome.1.69i57j0l5.4917j0j4&sourceid=chrome&es_sm=119&ie=UTF-8&safe=active&ssui=on
https://education.ti.com/en/84activitycentral/us/algebra-ii
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Sample Formative Assessment Tasks/Questions

Solving Equations (A2.ACE.1)
a. Math Bits Notebook: Radical Equations #3,11,12
b. Math Bits Notebook: Radical Equations #1 and 10
c. Problem-Attic: Homepage

Rational Function that Models Two Quantities (A2.FBF.1, A2.FIF.5)
a. Georgia Department of Education: Unit 4 — Rational and Radical Relationships

Functions that Model Two Quantities
a. Mathematics Assessment Project - Representing Functions of Everyday Situations

Sample Items (/MU Pivotal ltems)

a. Draw a graph and give the equation of a function with a hole in the graph and one asymptote.

b. Draw a graph of a function that has all of the characteristics below. Explain how your graph satisfies the conditions.
e Thereisaholeinthe graph at x = -5.
e Thereis an asymptote at x = 2.
e The graph decreases as x goes to -o0 and also decreases as x goes to co.
e The graph has a zero at x = -3.
e The graph decreases throughout the interval [2, oo].

c. Describe a function whose domain is NOT all real numbers. What is the range of your function?

d. Describe a function whose range does not contain any points above the x-axis. Explain how you know your function’s range satisfies the

condition.
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http://mathbitsnotebook.com/Algebra2/PARCCExams/Algebra%202%20-%20PBA%20-%20Item%20Set%20%202015.pdf
http://www.problem-attic.com/
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-4.pdf
http://map.mathshell.org/download.php?fileid=1740
http://www.jmu.edu/stem/outreach/documents/Pivotal_Algebra2_for%20WEB.pdf
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Intermediate Algebra Unit 5 Bibliography
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Intermediate Algebra Unit 6 Title

Exponential Functions and Equations

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes

e |A.ACE.1* Create and solve equations and iregualities in one variable that model real-world problems involving linear, quadratic, simple
rational, and exponential relationships. Interpret the solutions and determine whether they are reasonable.
Identify the variable and quantities in real-world contexts.
Use context to choose the applicable algebraic model (linear equation, linear inequality, quadratic equation, or exponential).
Write, solve, and interpret the solution of an equation.
Expand what was done in previous units to include exponential functions (f (x) = b¥).
o Extend beyond integer exponents from Foundations.
e |A.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales.
o Emphasis should be on the appropriate use of labels, units, and scales when graphing.
Identify the variables and quantities in real-world contexts.
Use context to choose the applicable algebraic model (e.g., linear, quadratic, exponential).
Write and graph equations in two or more variables, and interpret relationships among variables.
Expand what was done in previous units to include exponential (f (x) = b").
o Extend beyond integer exponents from Foundations.
e |A.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.
o Emphasis should be placed on the compound interest formulas for exponential growth/decay (e.g., solve the compound interest
formula to find the principal value).
e |A.AREIL.11* Solve an equation of the form (x) = (x) graphically by identifying the x-coordinate(s) of the point(s) of intersection of the graphs
of y = (x) and y = g(x).
o Extend this standard to review quadratic, rational, radical, absolute value and exponential functions.
o Understand that graphical solution methods may produce approximate solutions, and algebraic solution methods produce precise
solutions that can be represented graphically or numerically.
o Include the use of a graphing calculator for finding points of intersection.

O O O O

o O O O
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IA.FBF.1a* Write a function that models a relationship between two quantities using both explicit expressions and a recursive process and by
combining standard forms using addition, subtraction, multiplication and division to build new functions. (Note: IA.FBF.1a is not a
Graduation Standard.)

o

o O O O O

@)

Review explicit and recursive expressions of a function.

Identify the quantities being compared in a real-world problem.

Write an explicit and/or recursive expressions of a function to describe real-world problems.

Recall parent functions.

Apply transformations of parent functions.

Combine different parent functions (adding, subtracting, multiplying, and/or dividing) to write a function that describes a real-world
problem.

Emphasize that there are times when one form (explicit and recursive) to describe the function is preferred over the other.

IA.FBF.1b* Combine functions using the operations addition, subtraction, multiplication, and division to build new functions that describe
the relationship between two quantities in mathematical and real-world situations. (Note: IA.FBF.1b is not a Graduation Standard.)

o

o

More complex exponential functions should be developed by using the operations addition, subtraction, and multiplication (such as
f(x) = 100 + 6' or build a function that models the temperature of a cooling liquid by adding a constant function to a decaying
exponential, and relate these functions to the model.)

Emphasis should be on how the operation affects the function and the relationship it is modelling

IA.FBF.2* Write arithmeticand-geometric sequences both recursively and with an explicit formula, use them to model situations, and
translate between the two forms.

o

Understand the difference between an explicit and recursive formula. An explicit formula is a function rule that relates each term of
a sequence to the term number/position. An explicit formula allows the students to find any element of a sequence without knowing
the element before it. Recursive formula is a function rule that relates each term of a sequence to the prior term.

Connect geometric sequences to exponential functions.

Exponential functions are the explicit form of recursively-defined geometric sequences.

The recursive formula for a geometric sequence uses multiplication and the explicit formula uses exponentiation.

South Carolina Department of Education | Office of Standards and Learning
May 2016

Page 277




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Intermediate Algebra Unit 6: Exponential Functions and Equations
Return to High School Overview, High School Table of Contents, or Intermediate Algebra Coversheet.

e |A.FBF.3* Describe the effect of the transformations (x), (x)+k, f(x+k), and combinations of such transformations on the graph of y=f(x) for
any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its graph.

o Exploration of the effects of a constant, k, should include comparing the shape and position and analyzing the differences between
the graphs of the original equation and transformed equation.

Explain why f(x)+k translates the original graph of f(x) up k units and why f(x)-k translates the original graph of f(x) down k units.

Explain why f(x+k) translates the original graph of f(x) left k units and why f(x-k) translates the original graph of f(x) right k units.

Describe the transformation that changed a graph of f(x) into a different graph when given pictures of the pre-image and the image.

Determine the value of k given a graph of a transformed function.

Graph transformations of the graph of f(x) when given the value(s) of k [f(x) Xk, f(x k) and f(x k)L k].

Generate and compare examples of functions with different k values.

Expand what was done in previous units to include exponential functions (f (x) = b%).

o Emphasis should be given to horizontal shifts which were excluded in the Foundations Standard.

e |A.FIF.3* Define functions recursively and recognize that sequences are functions, sometimes defined recursively, whose domain is a subset
of the integers.

o Explain that a recursive formula tells how a sequence starts and how to use the previous value(s) to generate the next element of the
sequence.

e |A.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity.

o Create a graph that matches the description and shows all of the key features of the function, if applicable, the y-intercept, x-
intercept(s), increasing interval, decreasing interval, and end behavior.

o Explain the meaning of all the key features included in a graph or verbal description.

o A connection to FBF.1b (function compositions) and FBF.3 (parent function transformations) should be made while teaching.

e |A.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes.

o Analyze the input and output values of an exponential function in algebraic, graphic, tabular, and verbal forms.
o Emphasize the domain includes all real numbers as students may think otherwise when reviewing the visual representation.
o Explore graphical representations to analyze the variability in the range.

o O O O O O O
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IA.FIF.6* Given a function in graphical, symbolic, or tabular form, determine the average rate of change of the function over a specified
interval. Interpret the meaning of the average rate of change in a given context.
o Calculate the average rate of change of a function presented in various forms.
o Compare the rates of change of two or more functions presented in various forms.
o Use appropriate units to interpret the meaning of the average rate of change.
o Due to the rapid increase/decrease of exponential functions, it may be necessary to look at smaller intervals when determining
average rate of change.
IA.FIF.8b* Interpret expressions for exponential functions by using the properties of exponents. (Note: IA.FIF.8b is not a Graduation
Standard.)
o ldentify percent rate of change in functions such as y =1.02", y =.97", and classify them as representing exponential growth or
decay.
o Identify the beginning “principle” value of an exponential equation.
Identify the number of times an interest equation is compounded based on the exponent.
o Manipulate exponential equations using the properties of exponents in order to solve a one variable equation connect to ACE.1*
while teaching.
IA.FLQE.2* Create symbolic representations of-irearand exponential functions, including arithmetic-and geometric sequences, given graphs,
verbal descriptions, and tables.
o Write algebraic equations for graphs representing exponential growth (increase) or decay (decrease).
o Write algebraic equations to represent exponential patterns described in words.
o Write algebraic equations to represent a given table of values.
IA.FLQE.5* Interpret the parameters in a linear or exponential function in terms of the context.
o Use real-world contexts to help students understand how the parameters of exponential functions depend on the context.
o Give students different parameters of a function to manipulate and compare the results to draw conclusions about the effects of the
changes.
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New Academic Vocabulary for This Unit

Compounded Interest

Explicit function

Geometric sequence

Half-life

Horizontal translation

Percent rate of change

Parent exponential function (f (x) = b")
Principle

Recursive Function

Recursion
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Prior Knowledge Required for this Unit

In earlier grades, students have developed conceptual knowledge and have had the opportunity to learn how to:

Represent any point on the coordinate plane by its coordinates (5.G.1b).

Write and evaluate numerical expressions involving whole-number exponents and positive rational number bases using the Order of
Operations (6.EEI.1).

Extend previous understanding of Order of Operations to solve multi-step real-world and mathematical problems involving rational numbers
(7.EEL3).

Understand and apply the laws of exponents (i.e. product rule, quotient rule, power to a power, product to a power, quotient to a power,
zero power property, negative exponents) to simplify numerical expressions that include integer exponents (8.EEI.1).

Extend concepts of linear equations and inequalities in one variable to more complex multi-step equations and inequalities in real-world and
mathematical situations (8.EEI.7).

Solve linear equations and inequalities with rational number coefficients that include the use of the distributive property, combining like
terms, and variables on both sides (8.EEIl.7a).

Relate inputs (x-values or domain) and outputs (y-values or range) to independent and dependent variables (8.F.1b).

Translate among the multiple representations of a function, including mappings, tables, graphs, equations, and verbal descriptions (8.F.1c).
Graph a function from a table of values. Understand that the graph and table both represent a set of ordered pairs of that function (8.F.1e).
Investigate the differences between linear and nonlinear functions using multiple representations (i.e. tables, graphs, equations, and verbal
descriptions) (8.F.3).

Recognize that the graph of a linear function has a constant rate of change (8.F.3b).

Understand that the slope is the constant rate of change and the y-intercept is the point where x = 0 (8.F.4a).

Construct a function in slope-intercept form that models a linear relationship between two quantities (8.F.4c).

Analyze and describe attributes of graphs of functions (e.g., constant, increasing/decreasing, linear/nonlinear, maximum/minimum,
discrete/continuous) (8.F.5a).

Sketch the graph of a function from a verbal description (8.F.5b).

Write a verbal description from the graph of a function with and without scales (8.F.5c).

Convert units (e.g. dimensional or unit analysis, rounding, etc.) with accuracy and precision to solve problems involving measurement
(FA.NQ.3%).

Compare and contrast linear and exponential relationships (FA.FLQE.1%*).

Create and solve equations in one variable that model real-world problems (limited to exponentials with linear exponents) (FA.ACE.1%).
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e Create equations in two or more variables to represent linear relationships between quantities. As well as, graph the equations on
coordinate axes using appropriate labels, units, and scales (limited to exponentials with linear exponents) (FA.ACE.2*).

e Describe the effect of the transformations of a parent graph and write the equation of a transformed parent function given its graph (limited
to vertical shift and vertical stretch) (FA.FBF.3*).

e Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form. Sketch the
graph of a function from a verbal description showing key features (FA.FIF.4%*).

e Relate the domain and range of a function to its graph and to the quantitative relationship it describes (FA.FIF.5*).

e Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.
(FA.FIF.8%).
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Subsequent Knowledge Related to this Unit

After the Intermediate Algebra class, students have course options that differ in scope and sequence. Students who take SCCCR Algebra 2 will
encounter all of the South Carolina College and Career Ready standards addressed in this Unit again in their entirety, while students who opt to take
SCCCR Probability and Statistics will utilize knowledge gained from this unit by looking at mathematics from a different perspective.
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Relationship Among Standards in this Unit

The standards in Unit 6 expand prior knowledge of integer exponents and focus on exponential functions, equations, and their applications. The
major differences between this unit and Foundations in Algebra Unit 4 (Modeling and Analyzing Exponential Functions) is increased complexity of
real-world problems with non-integer exponents and answers; the inclusion of horizontal shifts on the graph; and the introduction of geometric
sequences and recursion. Students graph exponential functions, identify key features (intercepts; intervals where the function is increasing,
decreasing, constant, positive, or negative; asymptotes; end behavior) and use appropriate technology to investigate multiplicative change in
exponential functions and increase conceptual understanding. Manipulating the variable k for specific values, students also examine the effects on
the graph on the parent function, f (x) = b, by replacing f(x) with f(x) + k, k f(x), f(kx), and f(x + k) for specific values of k (both positive and negative).
As the unit progresses, students compare exponential models, solve exponential equations, interpret the solutions of exponential functions taking
into consideration any restrictions to the domain/range and find the value of k when given exponential graphs. Calculating and interpreting the
average rate of change over a given interval of a function from a function equation, graph or table, and explaining what that means in terms of the
context of the function gives students the opportunity to connect this topic to all other graphs studied. Students use exponential function notation
to model a variety of contexts and use context to interpret functions in specific applications. Analysis of graphs, verbal descriptions, and tables
supports students in creating symbolic representations of exponential functions, including geometric sequences, to model a relationship between
two quantities. The unit culminates by giving students the chance to apply their knowledge of exponential graphs and functions through writing
geometric sequence equations in both recursive and explicit form.

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 284




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Intermediate Algebra Unit 6: Exponential Functions and Equations
Return to High School Overview, High School Table of Contents, or Intermediate Algebra Coversheet.

Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 6.

Graphs of Exponential Relationships (IA.ACE.2*; IA.AREI.11*; IA.FBF.3*; IA.FIF.4*; IA.FIF.5%; IA.FIF.6*)

a. Exponential Graph Transformations
BetterLesson: Shifting Exponential Functions (Lesson 4)
BetterLesson: Stretching Exponential Functions (and your mind)
CK-12: Graphs of Exponential Functions
CK-12: Graphs of Exponential Functions: Studying Algae Blooms (Play-Learn-Interact-Xplore)
Georgia Standards of Excellence Framework: Graphic Organizer — Graphing Transformations (page 17)
Georgia Standards of Excellence Framework: High Functioning! (page 46)
Gizmos: Graphing Exponential Functions (Interactive)
KhanAcademy: Graphing Exponential Functions
Sophia: The Graph of an Exponential Equation
Texas Instruments: Growth and Decay T| Calculator (Lab)

b. Key Features of Graphs (intercepts, increasing/decreasing, end-behavior, domain/range)
BetterLesson: Graphing Exponential functions (Lesson 3)
EngageNY: Algebra 1 Module 3, Topic B, Lesson 13 — Interpreting the Graph of a Function
Georgia Standards of Excellence Framework: Compare/Contrast: Exponential Functions (page 16)
Georgia Standards of Excellence Framework: Graphs of Exponential Functions (page 18)
Georgia Standards of Excellence Framework: Zombie Apocalypse Simulation (page 31)
MathBitsNotebook: Features of Exponential Functions

c. Solve Real-World Exponential Equations by Graphing (restricting domain to problem situation)
EngageNY: Algebra 1 Module 3, Topic B, Lesson 11 —The Graph of a Function
Georgia Standards of Excellence Framework: Bacteria in the Swimming Pool (page 35)
Monterey Institute: Introduction to Exponential Functions (Presentation & Worked Examples)

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 285



http://betterlesson.com/lesson/443694/stretching-exponential-functions-and-your-mind
http://www.ck12.org/algebra/Graphs-of-Exponential-Functions/
http://www.ck12.org/assessment/tools/geometry-tool/plix.html?eId=MAT.ALG.936.5&questionId=55bbccf85aa4130ac1f7f914&artifactID=2114548&backUrl=http%3A//www.ck12.org/algebra/Graphs-of-Exponential-Functions/%23interactive
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
https://www.explorelearning.com/index.cfm?method=cResource.dspView&resourceid=134
https://youtu.be/9SOSfRNCQZQ
https://www.sophia.org/concepts/the-graph-of-an-exponential-equation
http://dwb4.unl.edu/Chem/CHEM869Z/CHEM869ZLinks/www.ti.com/calc/docs/act/stan5.htm
https://www.engageny.org/resource/algebra-i-module-3-topic-b-lesson-13
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-5.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-5.pdf
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypeExponential.html
https://www.engageny.org/resource/algebra-i-module-3-topic-b-lesson-11
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-5.pdf
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
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d. Average Rate of Change

Algebra 1 Lessons WCCUSD: Average Rate of Change

BetterLesson: Counting the Change: Linear, Quadratic or Exponential? (Lessons 5 & 6)

CK-12: Linear, Exponential and Quadratic Models: Bernoulli Effect (Play-Learn-Interact-Xplore)

EngageNY: Algebra 1 Module 3, Topic A, Lesson 4 — Why do banks pay YOU?

EngageNY: Algebra 1 Module 3, Topic B, Lesson 14 — Linear and Exponential Models — Comparing Growth Rates
LearnZillion: Understanding Rate of Change in Exponential Growth Functions

MathBitsNotebook: Average Rate of Change

Solving Exponential Equations and Formulas (IA.ACE.1%*; IA.ACE.4*; IA.FBF.1b; IA.FIF.8b; IA.FLQE.5%)

a.

One Variable (with non-integer Exponents)

BetterLesson: Cat Island — Cats can’t add but they do/multiply! (Lessons 1 & 2)
BetterLesson: Sorting out the Change (Lesson 7)

CK-12: Applications of Exponential Functions

Georgia Standards of Excellence Framework: The Marvel of Medicine (page 36)
Georgia Standards of Excellence Framework: Zombie Apocalypse Simulation (page 25)
Kate Nowak: Exponential Functions and Credit Cards

Math Warehouse: Exponential Growth Activity

Solving Exponential Problems using Formulas

A Recursive Process: Aaron’s (Rent to Buy)

ALEX: Exponential Growth and Decay

BetterLesson: Credit Card Investigation (Lessons 9 - 12)

CK-12: Exponential Decay: Sunglasses Tint (Play-Learn-Interact-Xplore)

CK-12: Exponential Fractal Snowflake (Play-Learn-Interact-Xplore)

CK-12: Exponential Growth and Decay

College Preparatory Mathematics: Exponential Growth and Decay

Gizmos: Exponential Growth and Decay (Interactive)

Illuminations: Trout Population Calculator

KhanAcademy: Exponential Decay Functions

KhanAcademy: Exponential Growth Functions

LearnZillion: Manipulate Exponential Models to Reveal Information
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http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/AverageRateOfChange10062013v3.pdf
http://www.ck12.org/assessment/tools/geometry-tool/plix.html?eId=MAT.ALG.940&questionId=55c12c5dda2cfe5c4f021a9c&artifactID=2114549&backUrl=http%3A//www.ck12.org/algebra/Linear-Exponential-and-Quadratic-Models/%23interactive
https://www.engageny.org/resource/algebra-i-module-3-topic-lesson-4
https://www.engageny.org/resource/algebra-i-module-3-topic-b-lesson-14
https://learnzillion.com/lesson_plans/5467
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGAverageRAteChange.html
http://www.ck12.org/algebra/Applications-of-Exponential-Functions/lesson/Applications-of-Exponential-Functions/?referrer=featured_content
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-5.pdf
https://app.box.com/shared/r7it21dnk1
http://www.mathwarehouse.com/exponential-growth/exponential-growth-activity.php
http://blog.recursiveprocess.com/2010/06/03/aarons-rent-to-buy/
http://alex.state.al.us/lesson_view.php?id=24092
http://www.ck12.org/assessment/tools/geometry-tool/plix.html?eId=MAT.ALG.936.2&questionId=53481aafda2cfe62c321f2d7&artifactID=1823974&backUrl=http%3A//www.ck12.org/algebra/Exponential-Decay/%23interactive
http://www.ck12.org/assessment/tools/geometry-tool/plix.html?eId=MAT.ALG.936.1&questionId=5653603c9616aa4dda8f373a&artifactID=2293685&backUrl=http://www.ck12.org/algebra/Exponential-Growth/#interactive
http://www.ck12.org/algebra/Exponential-Growth-and-Decay/
http://pdfs.cpm.org/state_supplements/Exponential_Growth_Decay.pdf
https://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=105
http://illuminations.nctm.org/Activity.aspx?id=4169
https://youtu.be/AXAMVxaxjDg
https://youtu.be/6WMZ7J0wwMI
https://learnzillion.com/lesson_plans/6333
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RegentsPrep: Exponential Growth and Decay
WeberTube: Exponential Growth and Decay (Paper Folding) (page 7/193)
VirtualNerd: How do You Use the Formula for Compound Interest?
Youtube: Mythbusters — Folding Paper Seven Plus Times
c. Combine Functions using + -*/ to build new functions
EngageNY: Algebra 1, Module 3, Topic B, Lesson 9 - Representing, Naming and Evaluating Functions
Georgia Standards of Excellence Framework: Investigating Exponential Growth and Decay (page 13)
WeberTube: Exponential Function Contexts (build) (page 20/206)
d. Interpret Exponential Expressions and Parameters using properties of exponents
LearnZillion: Solve Exponential Equations Using Properties Of Exponents
LearnZillion: Use The Properties of Exponents To Interpret Expressions and Functions
LearnZillion: Use The Properties Of Exponents To Transform Expressions

Geometric Sequences - Explicit and Recursive Forms (IA.FBF.1a; IA.FBF.2*; IA.FIF.3*; IA.FLQE.2*)
a. Geometric Sequences Written Explicitly
Algebra Lab: Algebra 2 Recipe: Geometric Sequences
CK-12: Geometric Sequences and Exponential Functions
CK-12: Geometric Sequences: Bouncing Ball (Play-Learn-Interact-Xplore)
KhanAcademy: Geometric Sequences Intro
LearnZillion: Represent an Explicit Rule as an Exponential Function
LearnZillion: Writing an Explicit Formula for an Exponential Relationship
Mathematics Vision Project: Chew On This — Solidify Understanding Task (page 21)
Mathematics Vision Project: Don’t Break the Chain — Solidify Understanding Task (page 15)
Mathematics Vision Project: Growing, Growing Dots - Develop Understanding Task (page 4)
MathGuide: Geometric Sequences
PurpleMath: Arithmetic and Geometric Sequences
SAS Curriculum Pathways: Geometric Sequences
WeberTube: Linear, Exponential or Neither (page 8/194)
WeberTube: Write sequence formulas from contexts, tables, graphs (page 27/213)
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http://www.regentsprep.org/regents/math/algebra/AE7/ExpDecayL.htm
https://webertube.com/download.php?key=08478232da7cd216740f
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-growth-decay/compound-interest-formula-example
https://www.youtube.com/watch?v=kRAEBbotuIE
https://www.engageny.org/resource/algebra-i-module-3-topic-b-lesson-9
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-5.pdf
https://webertube.com/download.php?key=08478232da7cd216740f
https://learnzillion.com/lesson_plans/4811-solve-exponential-equations-using-properties-of-exponents
https://learnzillion.com/resources/72868-use-the-properties-of-exponents-to-interpret-expressions-and-functions
https://learnzillion.com/resources/72733-%20Use-the-properties-of-exponents-to-transform-expressions
http://www.algebralab.org/studyaids/studyaid.aspx?file=Algebra2_11-4.xml
http://www.algebralab.org/studyaids/studyaid.aspx?file=Algebra2_11-4.xml
http://www.ck12.org/algebra/Geometric-Sequences-and-Exponential-Functions/
http://www.ck12.org/assessment/tools/geometry-tool/plix.html?eId=MAT.ALG.936.3&questionId=558b3684da2cfe329be5cac2&artifactID=2225228&backUrl=http%3A//www.ck12.org/algebra/Geometric-Sequences-and-Exponential-Functions/%23interactive
https://youtu.be/pXo0bG4iAyg
https://learnzillion.com/lesson_plans/6802
https://learnzillion.com/lesson_plans/4795
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathguide.com/lessons/SequenceGeometric.html
http://www.purplemath.com/modules/series3.htm
https://www.sascurriculumpathways.com/portal/Launch?id=5062
https://webertube.com/download.php?key=08478232da7cd216740f
https://webertube.com/download.php?key=08478232da7cd216740f
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b. Recursive Functions
Insights into Algebra: Understanding Basic Recursion
EngageNY: Algebra 1 Module 3, Topic A, Lesson 2 — Recursive Functions
Illuminations: Using Graphs, Equations and Tables to Investigate Recursion
LearnZillion: Writing a Recursive Formula for an Exponential Relationship
Lost In Recursion: The “Lost in Recursion” Recursion
TeacherWeb: Difference Between Recursive and Explicit Formulas
WeberTube: Explicit & Recursive Formulas for Arithmetic Sequences (page 14/200)
c. Geometric Sequences Written Recursively
Algebra 1 Lessons WCCUSD: Geometric Sequences
Algebra Lab: Geometric Sequences
Georgia Standards of Excellence Framework: Community Service, Sequences and Functions (page 52)
Illuminations: Counting the Trains
Mathematics Vision Project: What Comes Next? What Comes Later? — Solidify Understanding Task (page 25)
Riverside Unified School District: Geometric Explicit and Recursive Sequences
WeberTube: Explicit & Recursive Formulas for Geometric Sequences (page 22/208)
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http://www.learner.org/workshops/algebra/workshop5/index2.html#3
https://www.engageny.org/resource/algebra-i-module-3-topic-lesson-2
http://illuminations.nctm.org/Activity.aspx?id=6379
https://learnzillion.com/lesson_plans/5290
https://lostinrecursion.wordpress.com/2012/03/12/the-lost-in-recursion-recursion/
http://teacherweb.com/WA/LakesHighSchool/KillenMs/Sequences.pdf
https://webertube.com/download.php?key=08478232da7cd216740f
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/GeometricSequencesV4.pdf
http://www.algebralab.org/lessons/lesson.aspx?file=algebra_geoseq.xml
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Acc-Coordinate-Algebra-Analytic-Geometry-A-Unit-3.pdf
http://illuminations.nctm.org/unit.aspx?id=6491
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
https://www.rusdlearns.net/msgreen/accelerated/cms_file/show/48379255.pptx?t=1445630560
https://webertube.com/download.php?key=08478232da7cd216740f
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Resources

Application Resources (Downloadable Lessons, Video, Applets, and Online Algebra Notes)
BetterLesson: Exponential Functions and Equations (14 Lessons)
CK-12: Algebra Topics
Emergent Math: Common Core Problem Based Curriculum Maps
Engage New York: Algebra | Modules
Georgia Department of Education: Unit 4: Modeling and Analyzing Exponential Functions
Georgia Department of Education: Unit 5: Exponential and Logarithmic Functions
Georgia Department of Education: Mathematics Teacher Support
Gizmos: Resource Catalog
[lluminations: Resources For Teaching Math
[llustrative Mathematics: High School Content Lesson Index
IXL Learning: Algebra 1 Practice
James Madison University: Algebra || — Pivotal ltems
. KhanAcademy: Algebra 1
Khan Academy: Algebra 1 - Introduction to Exponential Functions
LearnZillion: Algebra Math Video Lessons
Math Education Page: Start Page
MathBitsNotebook: Algebra 1
Mathematics Assessment Project — Mathematics Assessment Resource Service: Classroom Challenges (Formative Assessment Lessons)
Mathematics Assessment Project — Mathematics Assessment Resource Service: Guide for Teachers and Administrators
Mathematics Vision Project: Arithmetic and Geometric Sequences Module/Activity
Monterey Institute: Intermediate Algebra
National Security Agency: High School Concept Development Units - Algebra
. PBS Learning Media: Mathline
Regents Exam Prep Center: Algebra
SAS Curriculum Pathways: SAS Algebra 1 Course — Unit 4
Sophia: Exponential Equations and Functions
aa. VirtualNerd: Exponential Functions
bb. WeberTube: Connecting Sequences and Functions
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http://betterlesson.com/common_core/browse/1992/ccss-math-content-hsf-le-linear-quadratic-exponential-models?from=megamenu_domain
http://www.ck12.org/algebra
http://emergentmath.com/my-problem-based-curriculum-maps/
https://www.engageny.org/resource/high-school-algebra-i
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-5.pdf
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog#grades
http://illuminations.nctm.org/
https://www.illustrativemathematics.org/content-standards/HS
https://www.ixl.com/math/algebra-1
http://www.jmu.edu/stem/outreach/documents/Pivotal_Algebra2_for%20WEB.pdf
https://www.khanacademy.org/math/algebra
https://www.khanacademy.org/math/algebra/introduction-to-exponential-functions
https://learnzillion.com/resources/75023-algebra-math-video-lessons
http://www.mathedpage.org/
http://mathbitsnotebook.com/Algebra1/Algebra1.html
http://map.mathshell.org/background.php
http://map.mathshell.org/guides/map_cc_teacher_guide.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://moodle.montereyinstitute.org/course/view.php?id=11
https://www.nsa.gov/academia/early_opportunities/math_edu_partnership/collected_learning/high_school/algebra.shtml
http://www.pbslearningmedia.org/search/?q=&selected_facets=supplemental_curriculum_hierarchy_nodes%3A1184&selected_facets=
http://www.regentsprep.org/regents/math/algebra/math-ALGEBRA.htm
https://www.sascurriculumpathways.com/portal/mobile/algebra1/start.html
https://www.sophia.org/topics/exponential-equations-and-functions
http://www.virtualnerd.com/algebra-2/exponential-logarithmic-functions/exponentials/exponential-functions
https://webertube.com/download.php?key=08478232da7cd216740f
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cc. West Contra Costa Unified School District: Algebra 1 Lessons

Dictionaries, Calculators, and Templates

Q
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Alcula: Online Linear Regression Calculator

A Maths Dictionary for Kids: Math Charts

A Maths Dictionary for Kids: Math Dictionary

Illuminations: Affine Recurrence Plotter

Illuminations: Affine Recurrence Spreadsheet

Illuminations: Compound Interest Simulator

Math Open Reference: Calculator

Math Open Reference: Full-Size Calculator

My HRW Classroom: Graphing Calculator Online

University of Georgia Mathematics Education Program: Interactive Mathematics Dictionary
Video Math Teacher: Download Free Virtual Tl Calculator Online
Wabbitemu: Tl Calculator Emulator

Teaching Strategies
a.

@m0 o0 T

Creative Educator: Authentic Tasks - Write a Great Authentic Task
Creative Educator: Project-Based Learning

Fawn Nguyen: Finding Ways - Math Taboo Game

Illustrative Mathematics: |llustrative Mathematics Homepage
Math Education Page: Lab Gear

Math Video Instructional Development Source: Authentic Contexts
Power Up What Works: Math Strategies that Work Research
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http://www.wccusd.net/Page/3224
http://www.alcula.com/calculators/statistics/linear-regression/
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/mathsCharts.html
http://www.amathsdictionaryforkids.com/
http://www.amathsdictionaryforkids.com/
http://illuminations.nctm.org/Activity.aspx?id=3538
http://illuminations.nctm.org/Activity.aspx?id=3539
http://illuminations.nctm.org/Activity.aspx?id=3568
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/calculator.html
http://www.mathopenref.com/common/calcappletframe.html?applet=calculator&wid=600&ht=400
http://www.mathopenref.com/common/calcappletframe.html?applet=calculator&wid=600&ht=400
https://my.hrw.com/math06_07/nsmedia/tools/Graph_Calculator/graphCalc.html
http://intermath.coe.uga.edu/dictnary/homepg.asp
http://intermath.coe.uga.edu/dictnary/homepg.asp
http://videomathteacher.com/free-resources/free-downloadable-math-calculators/download-free-virtual-ti-calculator-online/
https://wabbit.codeplex.com/
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Writing_a_Great_Authentic_Task
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://creativeeducator.tech4learning.com/v01/articles/Success_Begins_with_Effective_Design
http://fawnnguyen.com/math-taboo-game-2/
https://www.illustrativemathematics.org/
https://www.illustrativemathematics.org/
http://www.mathedpage.org/manipulatives/lab-gear.html
http://fcit.usf.edu/mathvids/strategies/ac.html
http://fcit.usf.edu/mathvids/strategies/ac.html
http://powerupwhatworks.org/resource/research-math-practices
http://powerupwhatworks.org/resource/research-math-practices
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Sample Formative Assessment Tasks/Questions

Graphs of Exponential Relationships (IA.ACE.2*; IA.AREL.11%; IA.FBF.3%*; IA.FIF.4%*; IA.FIF.5%; IA.FIF.6*)
CK-12: Graphs of Exponential Functions (Practice)

Georgia Standards of Excellence Framework: Compare/Contrast: Exponential Functions (page 16)
JMU Pivotal Items: All.6.2 Explain how you determined your new equation. (page 7)

Illustrative Mathematics: A Saturating Exponential

[llustrative Mathematics: Exponential Functions

IXL: Match Exponential Functions and Graphs

Monterey Institute: Introduction to Exponential Functions (Practice & Review)

Sophia: Graphing Exponential Equations (Quiz)

Sophia: The Graph of an Exponential Equation (Quiz)

j.  WeberTube: Exponential Growth and Decay (apply) (page 11/197)

Q

—~Sm 0 op T

Solving Exponential Equations and Formulas (IA.ACE.1*; IA.ACE.4%; IA.FBF.1b; IA.FIF.8b; IA.FLQE.5%)
a. ALEX: Exponential Growth and Decay Practice

b. ALEX: More Practice on Growth and Decay

c. ALEX: Practice with Exponential Growth and Decay

d. CK-12: Exponential Growth and Decay (Practice)

e. CK-12: Applications of Exponential Functions (Practice)

f. Create an equation that represents the temperature of a cup of coffee sitting in a room that is maintained at 68°. What will 68° represent
on the graph?

g. Dartmouth: 3.2 Exponential Growth and Decay - Quiz

h. Engage New York: Algebra 1 Module 3 Lesson 5 —The Power of Exponential Growth

i. Engage New York: Algebra 1 Module 3 Lesson 22 — Modeling an Invasive Species Population

j- Engage New York: Algebra 1 Module 3 Lesson 23 — Newton’s Law of Cooling

k. [luminations: National Debt and Wars

[. IXL: Evaluate and Exponential Function

m. IXL: Exponential Growth and Decay — Word Problem Practice

n. JMU Pivotal Items: All.9.1 Prices of Postage Stamps (page 10)

0. Mathematics Assessment Project: Modeling Population Growth: Having Kittens

p. Mathematics Assessment Project: Representing Linear and Exponential Growth
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http://www.ck12.org/algebra/Graphs-of-Exponential-Functions/
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-4.pdf
http://www.jmu.edu/stem/outreach/documents/Pivotal_Algebra2_for%20WEB.pdf
https://www.illustrativemathematics.org/content-standards/HSF/LE/B/5/tasks/569
https://www.illustrativemathematics.org/content-standards/HSF/LE/A/1/tasks/351
https://www.ixl.com/math/algebra-1/match-exponential-functions-and-graphs
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18L1T1_RESOURCE/index.html
https://www.sophia.org/concepts/graphing-exponential-equations
https://www.sophia.org/concepts/the-graph-of-an-exponential-equation
https://webertube.com/download.php?key=08478232da7cd216740f
http://alex.state.al.us/uploads/24092/Exponential%20Growth%20and%20Decay%20Practice.rtf
http://alex.state.al.us/uploads/24092/Exponential%20Growth%20and%20Decay%20Practice.rtf
http://alex.state.al.us/uploads/24092/PRACTICE%20with%20exponential%20growth%20and%20decay.rtf
http://www.ck12.org/algebra/Exponential-Growth-and-Decay/
http://www.ck12.org/assessment/ui/views/test.view.new.html?title=Applications-of-Exponential-Functions-Practice&type=practice&referrer=featured_content&ep=http://www.ck12.org/algebra/Applications-of-Exponential-Functions/
https://math.dartmouth.edu/~klbooksite/3.02/302quiz/302quiz_index.htm
https://www.engageny.org/resource/algebra-i-module-3-topic-lesson-5
https://www.engageny.org/resource/algebra-i-module-3-topic-d-lesson-22
https://www.engageny.org/resource/algebra-i-module-3-topic-d-lesson-23
http://illuminations.nctm.org/Lesson.aspx?id=2272
https://www.ixl.com/math/algebra-1/evaluate-an-exponential-function
https://www.ixl.com/math/algebra-1/exponential-growth-and-decay-word-problems
http://www.jmu.edu/stem/outreach/documents/Pivotal_Algebra2_for%20WEB.pdf
http://map.mathshell.org/lessons.php?collection=8&unit=9100#task407
http://map.mathshell.org/lessons.php?collection=8&unit=9240#task426
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g. NRICH: Activity on Comparing Two Arithmetic Sequences
r. RegentsPrep: Practice with Exponential Equations and Graphs

Geometric Sequences - Explicit and Recursive Forms (IA.FBF.1a; IA.FBF.2*; IA.FIF.3*; IA.FLQE.2*)
Algebra Lab: Algebra 2 Practice
Algebra Lab: Geometric Sequences
CK-12: Geometric Sequences and Exponential Functions (Practice)
Engage New York: Algebra 1 Module 3 Lesson 3 — Arithmetic and Geometric Sequences
Illustrative Mathematics: Kitchen Floor Tiles
IXL: Geometric Sequences
IXL: Write variable expressions for geometric sequences
JMU Pivotal Items: All.2.1 Write a sequence from a real-world problem. (page 3)
Mathematics Assessment Project: Multiplying Cells
Mathematics Vision Project: Geometric Meanies — Practice Understanding Task (page 34)
Mathematics Vision Project: | Know...What Do You Know? — Practice Understanding Task (page 39)
RegentsPrep: Applied Exponential Growth and Decay
. SAS Curriculum Pathways: Geometric Sequences (Practice Tab)
Virginia Department of Education: Sequence Matching Activity with Information on Differentiation and Essential Questions

WeberTube: Geometric Sequences & Their Formulas (apply) (page 26/212)

WeberTube: Linear, Exponential or Neither 2 (apply) (page 12/198)

WeberTube: Mixed Practice: Linear & Exponential Sequences (page 24/210)

WeberTube: Practice: Write the explicit and recursive equation for each graph. (page 31/217)
WeberTube: Recursive & Explicit Formulas from Sequences, Tables, Contexts, & Graphs (page 33/219)
WeberTube: Story Contexts: Functions in Recursive and Explicit Format (apply) (page 35/221)

MY S AaTOS3ITATToOR O Q0 T

Exponential Functions and Equations Unit Tasks
a. BetterLesson: Review for Unit (Lesson 13)
b. Monterey Institute: Project-Based Learning Task — Money in the Bank (Note: limit to exponential portions of project)
c. National Security Agency: Exponents and Exponential Functions
d. PBS Mathline: Rhinos and M&Ms
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http://nrich.maths.org/9431
http://nrich.maths.org/9431
http://www.regentsprep.org/regents/math/algebra/AE7/ExpDecayEP.htm
http://www.algebralab.org/practice/practice.aspx?file=Algebra2_11-4.xml
http://www.algebralab.org/practice/practice.aspx?file=Algebra2_11-4.xml
http://www.algebralab.org/lessons/lesson.aspx?file=algebra_geoseq.xml
http://www.ck12.org/assessment/ui/views/test.view.new.html?title=Geometric-Sequences-and-Exponential-Functions-Practice&type=practice&referrer=featured_content&ep=http://www.ck12.org/algebra/Geometric-Sequences-and-Exponential-Functions/
https://www.engageny.org/resource/algebra-i-module-3-topic-lesson-3
https://www.illustrativemathematics.org/content-standards/tasks/215
https://www.ixl.com/math/algebra-1/geometric-sequences
https://www.ixl.com/math/algebra-1/write-variable-expressions-for-geometric-sequences
http://www.jmu.edu/stem/outreach/documents/Pivotal_Algebra2_for%20WEB.pdf
http://www.map.mathshell.org/tasks.php?collection=9&unit=HA20
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://www.regentsprep.org/Regents/math/ALGEBRA/AE7/ExpDecayP.htm
https://www.sascurriculumpathways.com/portal/Launch?id=5062
http://www.doe.virginia.gov/testing/solsearch/sol/math/7/mess_7-2.pdf
http://www.doe.virginia.gov/testing/solsearch/sol/math/7/mess_7-2.pdf
https://webertube.com/download.php?key=08478232da7cd216740f
https://webertube.com/download.php?key=08478232da7cd216740f
https://webertube.com/download.php?key=08478232da7cd216740f
https://webertube.com/download.php?key=08478232da7cd216740f
https://webertube.com/download.php?key=08478232da7cd216740f
https://webertube.com/download.php?key=08478232da7cd216740f
http://www.montereyinstitute.org/courses/DevelopmentalMath/U18PROJECT_RESOURCE/index.html
https://www.nsa.gov/academia/_files/collected_learning/high_school/algebra/exponents_exponential_functions.pdf
http://www-tc.pbs.org/teachers/mathline/lessonplans/pdf/hsmp/rhinos.pdf

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document

Intermediate Algebra Unit 6: Exponential Functions and Equations
Return to High School Overview, High School Table of Contents, or Intermediate Algebra Coversheet.

Note to Intermediate Algebra Teachers:

At the conclusion of the Intermediate Algebra course students are required to take the Algebra 1 End-Of-Course Examination. For more
information regarding preparation for this Examination Program teachers are encouraged to visit SCDE End-Of-Course Examination Program

(EOCEP).
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Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6
Functions:
Arithmetic/Geometric : Linear . Quadratic Functions, Radical and Simple . .
Sequences and Equations/Inequalities ) . ; i Exponential Functions
Absolute Value, Step, and Systems of Polynomials Equat|on§,.and Rational Fun.ctlons and and Equations
and Piece-Wise Equations/Inequalities Inequalities Equations
Functions
Standards Standards Standards Standards Standards Standards
A2.FBF.1a A2.ACE.1* A2.AAPR.1%* A2.ACE.1* A2.ACE.1* A2.ACE.1*
A2.FBF.2* A2.ACE.2* A2.AAPR.3 A2.ACE.2* A2.ACE.4* A2.ACE.2*
A2.FBF.3* A2.ACE.3 A2.ASE.1* A2.ACE.3 A2.AREI.2* A2.ACE.4*
A2.FIF.3* A2.ACE.4* A2.ASE.2* A2.ACE.4* A2.AREI.11* A2.ASE.3c*
A2.FIF.7* A2.AREl.4b* A2.FBF.1a* A2.AREI.11%*
A2.FIF.9* A2.AREI.7 A2.FBF.1b* A2.FBF.1a*
A2.FLQE.2* A2.AREI.11%* A2 FBF.3* A2.FBF.1b*
A2.FLQE.5* A2.ASE.3b* A2.FIF.4* A2.FBF.2*
A2.FBF.1a* A2.FIF.5* A2.FBF.3*
A2.FBF.1b* A2.FIF.6* A2.FIF.3*
A2.FBF.3* A2.FIF.7* A2.FIF.4*
A2.FIF.4* A2.FIF.8* A2.FIF.5*
A2.FIF.5* A2.FIF.6*
A2.FIF.6* A2.FIF.8b*
A2.FIF.8* A2.FLQE.1b*
A2.FIF.9* A2.FLQE.2*
A2.NCNS.1* A2.FLQE.5*
A2.NCNS.7*
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Mathematical Process Standards: The South Carolina College- and Career-Ready (SCCCR) Mathematical Process Standards demonstrate the ways
in which students develop conceptual understanding of mathematical content and apply mathematical skills. As a result, the SCCCR Mathematical
Process Standards should be integrated within the SCCCR Content Standards for Mathematics for each grade level and course. Since the process
standards drive the pedagogical component of teaching and serve as the means by which students should demonstrate understanding of the
content standards, the process standards must be incorporated as an integral part of overall student expectations when assessing content

understanding.

1. Make sense of problems and persevere in solving them.
a. Relate a problem to prior knowledge.
b. Recognize there may be multiple entry points to a problem and more than one
path to a solution.
c. Analyze what is given, what is not given, what is being asked, and what strategies
are needed, and make an initial attempt to solve a problem.
d. Evaluate the success of an approach to solve a problem and refine it if necessary.

5. Use a variety of mathematical tools effectively and strategically.
a. Select and use appropriate tools when solving a mathematical problem.
b. Use technological tools and other external mathematical resources to explore and
deepen understanding of concepts.

2. Reason both contextually and abstractly.

a. Make sense of quantities and their relationships in mathematical and real-world
situations.

b. Describe a given situation using multiple mathematical representations.
Translate among multiple mathematical representations and compare the
meanings each representation conveys about the situation.

d. Connect the meaning of mathematical operations to the context of a given
situation.

6. Communicate mathematically and approach mathematical situations with precision.
a. Express numerical answers with the degree of precision appropriate for the
context of a situation.
b. Represent numbers in an appropriate form according to the context of the
situation.
c. Use appropriate and precise mathematical language.
d. Use appropriate units, scales, and labels.

3. Use critical thinking skills to justify mathematical reasoning and critique the reasoning of
others.
a. Construct and justify a solution to a problem.
b. Compare and discuss the validity of various reasoning strategies.
c.  Make conjectures and explore their validity.
d. Reflect on and provide thoughtful responses to the reasoning of others.

7. Identify and utilize structure and patterns.
a. Recognize complex mathematical objects as being composed of more than one
simple object.
b. Recognize mathematical repetition in order to make generalizations.
c. Look for structures to interpret meaning and develop solution strategies.

4. Connect mathematical ideas and real-world situations through modeling.
a. ldentify relevant quantities and develop a model to describe their relationships.
b. Interpret mathematical models in the context of the situation.
c. Make assumptions and estimates to simplify complicated situations.
d. Evaluate the reasonableness of a model and refine if necessary.
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Algebra 2 Unit 1 Title

Functions: Arithmetic/Geometric Sequences and Absolute Value, Step, and Piece-Wise Functions

Content Standards with Clarifying Notes

Prior Knowledge Required for this Unit

Possible Instructional Strategies/Lessons

New Academic Vocabulary for This Unit

Subsequent Knowledge Related to this Unit

Resources

Relationship Among Standards in this Unit

Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e A2.FLQE.2* Create symbolic representations of linear and-expenential functions, including arithmetic sequences, given graphs, verbal
descriptions, and tables.
O Representation of exponential functions will be addressed in Unit 6.
o Focus for arithmetic sequences in Algebra 2 is on the arithmetic sequences and its connection to linear functions.
o Engage prior knowledge by beginning with linear functions to describe features and representations, making the connection to
arithmetic sequences, then extending to geometric, piece-wise and step functions.
e A2.FIF.3* Define functions recursively and recognize that sequences are functions, sometimes defined recursively, whose domain is a subset
of the integers.
o Emphasize understanding of what a recursive function is.
e A2.FBF.2* Write arithmetic and geometric sequences both recursively and with an explicit formula, use them to model situations, translate
between the two forms.
o Connect arithmetic sequences to linear functions and geometric sequences to exponential functions.
o Understand that linear functions are the explicit form of recursively-defined arithmetic sequences and that exponential functions are
the explicit form of recursively-defined geometric sequence.
o Emphasize understanding of why the recursive formula for an arithmetic sequence uses addition and the explicit form uses
multiplication.
o Emphasize understanding of why the recursive formula for a geometric sequence uses multiplication and why the explicit form uses
exponential.
o Distinguish between explicit and recursive formulas.
e Recursive formulas exhibit how a sequence starts and how to use the previous value(s) to generate the next element.
e Explicit formulas allow one to find any element of a sequence without knowing the previous element.
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A2.FBF.1*a Write a function that models a relationship between two quantities using both explicit expressions and a recursive process and
by combining standard forms using addition, subtraction, multiplication and division to build new functions.

o Provide multiple applied contexts and opportunities in which to explore these functions. Use real-world examples, so students can
not only describe what they see in a table, equation, or graph, but also relate the key features to real-life meanings.

o Distinguish between relationships that are functions and are not functions (first introduced in Grade 8) and examine graphs and
tables of non-functions versus functions. Often students have the misconception that all relationships having an input and output
are functions and therefore misuse the function terminology.

o A2.FBF.1ais not a Graduation Standard.

A2.FIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior andperiodicity- Graph simple
cases by hand and use technology for complicated cases.

o Included functions are absolute value, arithmetic sequence, piece-wise, and step.

o Graph functions, both with and without a calculator. Students could begin by examining graphs, describing the characteristics
(intercepts, increasing/decreasing intervals, relative maxima, minima, symmetry, end behavior, and asymptotes) and then transition
to using a given set of characteristics to sketch the graph of a function.

o Understand that absolute value and step functions are part of the piece-wise family of functions

e Absolute value and step functions have linear pieces
e General piece-wise functions may have quadratic and exponential pieces.

o Discussion of periodicity will take place in Pre-Calculus.

A2.FBF.3* Describe the effect of the transformations (x), (x) + k, f(x + k), and combinations of such transformations on the graph of
y = f(x) for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its
graph.

o Included functions are absolute value, arithmetic sequence, piece-wise, and step.

A2.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal.

o Included functions are absolute value, arithmetic sequence, piece-wise, and step.

A2.FLQE.5* Interpret the parameters in a linear erexpenentiat function in terms of the context.

o Included functions are absolute value, arithmetic sequence, piece-wise, and step.

o Relate the domain of a function to its graph and where applicable, to the quantitative relationship it describes. For example, if the
function f(x) gives the number of person-hours it takes to assemble x engines in a factory, then the positive integers would be an
appropriate domain for the function.
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New Academic Vocabulary for This Unit

e Arithmetic Sequence

e Composition of Functions

e End Behavior

e Explicit Formula

e Geometric Sequence

e Greatest Integer Function

e Piece-Wise Defined Function
e Recursive Formula

e Sequence

e Step Function
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Prior Knowledge Required for this Unit

In earlier grades/courses, students have developed conceptual knowledge and have had the opportunity to learn how to:

e Representing functions in multiple ways — mappings, tables, graphs, equations and verbal descriptions (8.F.1 — 5).

e Create symbolic representations of linear functions (A1.FLQE.2).

e Graphing functions and indicating key features with quadratic and linear only (A1.FIF.7).

e Effects of transformation with linear, quadratic, and exponential with integer exponents (A1.FBF.3).

e Comparing the properties of two functions given in different forms for linear, quadratic, and exponential with integer exponents (A1.FIF.9).
e Interpret the parameters in a linear function in terms of context (A1.FLQE.5).
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Subsequent Knowledge Related to this Unit

Algebra 2 Unit 1 creates symbolic representations of functions given graphs, verbal descriptions, and tables (A2.FLQE.2*).
o Will also be addressed in Algebra 2 Unit 6: Exponential Functions and Equations.
Algebra 2 Unit 1 defines functions recursively and recognize that sequences are functions (A2.FIF.3%*).
o Will also be addressed in Algebra 2 Unit 6: Exponential Functions and Equations.
o Geometric Sequences are included in Algebra 2 Unit 1 but can also be repeated in Algebra 2 Unit 6: Exponential Functions and
Equations.
Algebra 2 Unit 1 writes a function that models a relationship between two quantities (A2.FBF.1a; note: IA.FBF.1a is not a Graduation
Standard.).
o Will also be addressed in Algebra 2 Unit 4: Quadratic Functions and Equations, Algebra 2 Unit 5: Rational and Simple Rational
Functions and Equations, and Algebra 2 Unit 6: Exponential Functions and Equations.
Algebra 2 Unit 1 graphs functions from their symbolic representations (A2.FIF.7%*).
o Will also be addressed in Algebra 2 Unit 5: Rational and Simple Rational Functions and Equations.
Algebra 2 Unit 1 describes the effect of the transformations on the graph of y = (x) and writes the equation of a transformed parent function
given its graph (A2.FBF.3*).
o Will also be addressed in Algebra 2 Unit 4: Quadratic Functions and Equations, Algebra 2 Unit 5: Rational and Simple Rational
Functions and Equations, and Algebra 2 Unit 6: Exponential Functions and Equations.
Algebra 2 Unit 1 compares properties of two functions given in different representations (A2.FIF.9%).
o Will also be addressed in Algebra 2 Unit 4: Quadratic Functions and Equations.
Algebra 2 Unit 1 interprets the parameters in a linear function in terms of the context (A2.FLQE.5*).
o Will also be addressed in Algebra 2 Unit 6: Exponential Functions and Equations.
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Relationship Among Standards in this Unit

The standards in this unit include functions not specifically covered in the subsequent Algebra 2 units. Students are expected to write, graph, apply,
and interpret these functions. The focus in Unit 1 is on the characteristics, similarities and differences in the following functions: linear, absolute
value, arithmetic/geometric sequence, piece-wise, and step functions. The goal is for students to develop, understand, and make connections
between a variety of function forms: equations, graphs, verbal descriptions, and tables. The terms “recursively” and “explicitly” are introduced for
the first time, along with arithmetic/geometric sequences. Focus is placed on real world applications and contextual situations that students can
relate to. Emphasis is also placed on the transformation of these functions in the coordinate plane.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 1.

Arithmetic Sequences (A.2.FBF.1 and 2; A2.FIF.3)
a. Writing Arithmetic Sequences Recursively and Explicitly
Algebra Lab: Arithmetic Sequences
LearnZillion: Model Arithmetic Sequences And Situations By Using Both Recursive And Explicit Formulas
b. Writing Geometric Sequences Recursively and Explicitly
Algebra Lab: Geometric Sequences
Algebra Lab: Algebra 2 Recipe: Geometric Sequences
c. Graphing Calculator Exploration of Arithmetic Sequences
Tl Education: Arithmetic Sequences & Series

Geometric Sequences (A.2.FBF.1 and 2; A2.FIF3)
a. Writing Geometric Sequences Recursively And Explicitly
Algebra Lab: Geometric Sequences
Algebra Lab: Algebra 2 Recipe: Geometric Sequences

Piece-Wise Functions (A2.FIF.7%)
a. Connecting Piece-Wise, Absolute Value, and Step Functions
Birdville Schools: Extension Activity For Piece-Wise Functions
Math Is Fun: Piece-Wise
MathBits Notebook: Piece-Wise
Rowe Math Wiki: Piece-Wise Module

Functions — Linear, Absolute Value, Arithmetic Sequences, Piece-Wise, and Step (A.2.FBF.1a, 2, and 3; A.2.FBF.3; A2.FIF3)
a. Videos On Graphs And Their Transformations
Virtual Nerd: Absolute Value and Piece-Wise Functions
b. Examples For Piece-Wise, Step, Greatest Integer, And Absolute Value
Glencoe McGraw-Hill: Special Functions
c. Extension Activity For Piece-Wise Functions
Birdville Schools: Analyzing Piece-Wise Functions
d. Key Features of Graphs
MathBits Notebook: Function Features
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http://www.algebralab.org/lessons/lesson.aspx?file=Algebra_ArithSeq.xml
http://learnzillion.com/lesson_plans/882-model-arithmetic-sequences-and-situations-by-using-both-recursive-and-explicit-formulas
http://www.algebralab.org/lessons/lesson.aspx?file=Algebra_GeoSeq.xml
http://www.algebralab.org/studyaids/studyaid.aspx?file=Algebra2_11-4.xml
http://education.ti.com/en/us/activity/detail?id=EF53AC5DC8974242B1F80C2E1796DEBC
http://www.algebralab.org/lessons/lesson.aspx?file=Algebra_GeoSeq.xml
http://www.algebralab.org/studyaids/studyaid.aspx?file=Algebra2_11-4.xml
http://schools.birdvilleschools.net/cms/lib2/TX01000797/Centricity/Domain/124/Analyzing%20Piecewise%20Functions.pdf
http://www.mathsisfun.com/sets/functions-piecewise.html
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGTypePiecewise.html
http://rowemathwiki.cmswiki.wikispaces.net/file/view/NCSCOS+2-02+Module+05-Piecewise.pdf
http://www.virtualnerd.com/algebra-2/linear-equations-functions/absolute-value-piecewise-functions
http://www.hasd.org/faculty/LenaArts/Adv26.pdf
http://schools.birdvilleschools.net/cms/lib2/TX01000797/Centricity/Domain/124/Analyzing%20Piecewise%20Functions.pdf
http://mathbitsnotebook.com/Algebra1/FunctionGraphs/FNGFunctionFeatures.html
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Resources

Activity Resources
a. lllustrative Mathematics: Activities For All Levels

b. Robert Kaplinksy: Problem-based Learning Activities

Algebra 2 Course Content Resources from Other States
a. EngageNY: Algebra 2 Resources
b. Georgia Department of Education: Algebra 2 Resources
c. Regents Prep: Algebra 2 and Trig

d. Virginia Department of Education: Algebra 2 Resources

Graphing Calculator Resources
a. Desmos: Online Graphing Calculator with Many Pre-Made Activities
b. Texas Instruments: Texas Instruments Algebra 2 Graphing Calculator Activities

c. Wabbit: Online TI-84 Silver Edition Graphing Calculator Emulator

Interactive Resources
a. Emergent Math: Emergent Math
b. ExploreLearning: Gizmo Online Simulations
c. Interactive Quizzes: Interactive Quizzes for High School Assessments

Practice Tests and Assessment Resources
a. California Department of Education: California Algebra Released Test Questions

b. Jefferson Lab: Practice Tests from Virginia for All Levels of Math
c. Problem-Attic: Problem-Attic
d. XL Math: XL Math for Algebra 2

Video Resources
a. Virtual Nerd: Videos for Algebra 2
b. LearnersTV: Videos for Algebra 2
c. HippoCampus: Videos for Algebra 2
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https://www.illustrativemathematics.org/content-standards
http://robertkaplinsky.com/lessons/
https://www.engageny.org/resource/high-school-algebra-ii
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
https://www.desmos.com/
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://wabbit.codeplex.com/
http://emergentmath.com/
http://www.explorelearning.com/index.cfm?method=cResource.dspStandardCorrelation&id=1109
http://www.iq.poquoson.org/math.htm
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
http://education.jlab.org/solquiz/
http://www.problem-attic.com/
https://www.ixl.com/math/algebra-2
http://www.virtualnerd.com/algebra-2/all
http://www.learnerstv.com/Free-Maths-Video-lectures-ltv493-Page1.ht
http://www.hippocampus.org/HippoCampus/Algebra%20%26%20Geometry
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Sample Formative Assessment Tasks/Questions

Functions — Linear, Absolute Value, Arithmetic/Geometric Sequences, Piece-Wise, and Step Functions (A2.FBF.1, 2, and 3; A2.FBF.3; A2.FIF.3)
a. Describe key characteristics of the graph of f(x) = |[x — 1| + 3

x+2,x=20

—x%,x < -1

c. What is the difference between a recursive and an explicit representation of a sequence?

b. Sketch the graph and identify key characteristics of f(x) = {

Transformations: Linear, Absolute Value, Arithmetic Sequences, Piece-Wise, Step (A2.FBF.3)
a. She Loves Math: Parent Functions and Transformations
b. On the axes, graph f(x) = |x|. If g(x) = f(x) — 2, then how is the graph of f(x) translated to form the graph of g(x)?
If h(x) = f(x — 4), then how is the graph of f(x) translated to form the graph of h(x)?

Piece-Wise Functions (A2.FIF.7)
a. CPM Educational Program: Connecting Piece-wise Functions to Continuity Extension

Arithmetic/Geometric Sequences (A.2.FBF.1 and 2; A2.FIF.3)
a. Algebra Lab: Algebra 2 Practice
Mathematics Vision Project: Arithmetic and Geometric Sequences Module/Activity
NRICH: Activity on Comparing Two Arithmetic Sequences
Virginia Department of Education: Sequence Matching Activity with Information on Differentiation and Essential Questions

oo o o

Inside Mathematics: Performance Assessment Tasks
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http://www.shelovesmath.com/algebra/advanced-algebra/parent-graphs-and-transformations/
http://www.cpm.org/pdfs/state_supplements/Piecewise_Functions.pdf
http://www.algebralab.org/practice/practice.aspx?file=Algebra2_11-4.xml
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec1_mod2_sequences_se_90312.pdf
http://nrich.maths.org/9431
http://www.doe.virginia.gov/testing/solsearch/sol/math/7/mess_7-2.pdf
http://www.insidemathematics.org/performance-assessment-tasks
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

For all standards in this unit, Algebra 2 must extend the knowledge and applications of linear equations/inequalities/relationships that were begun
in Algebra 1. Itis important to apply and extend skills learned in Algebra 1 and not to simply reteach already covered in Algebra 1. Students should
experience real-world applications of linear equations/inequalities/relationships in a much more complex contextual situation than they
experienced in Algebra 1. Students are introduced to linear inequalities in Algebra 1, and in Algebra 2 the concept of linear inequalities is extended
to include compound inequalities, absolute value inequalities, and systems of inequalities. Importance should be placed on consideration of the
constraints on domain and range, particularly when applied to real-world contextual situations.

e A2.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving linear, guadratic,simple
rationaland-exponential relationships. Interpret the solutions and determine whether they are reasonable.

o Extend (not re-teach) what was learned in Algebra 1. Students learned to solve and graph linear equations and inequalities in
Algebra 1. In Algebra 2, emphasis is placed on the application of these skills to real-world and contextual situation type scenarios.

o Provide examples that are real world applications and more complex than those begun in Algebra 1.

o Included in the study of Inequalities in Algebra 2 are compound inequalities and absolute value inequalities.

o Emphasize the meaning of the variables in the situational and real-world applications.

e A2 ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales.

o Extend knowledge and applications of linear equations/relationships begun in Algebra 1.

o Emphasize the importance of appropriate labels, units, and scales. Appropriate labels, units, and scales are essential for accurately
modeling the relationship between the two quantities (mathematical process standard #6). Incorrect scales on the graph will distort
the visual appearance of the relationship. Labels and units are important to accurately understand and interpret graphs.

o Emphasize the meaning of the variables in the situational and real-world applications.

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 307




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 2 Unit 2: Linear Equations/Inequalities and Systems of Equations/Inequalities
Return to High School Overview, High School Table of Contents, or Algebra 2 Coversheet.

e A2.ACE.3 Use systems of equations and inequalities to represent constraints arising in real-world situations. Solve such systems using
graphical and analytical methods, including linear programing. Interpret the solution within the context of the situation. (Limit to linear
programming.)

o Extend knowledge of graphing inequalities learned in Algebra 1 to graphing systems of inequalities.

o Included in this unit are linear systems of equations and inequalities. Unit 4 (Quadratic Functions/Equations/Inequalities) will
address systems that include quadratic equations and inequalities.

o Include solving and analytical method applications to linear programming.

o Emphasize the meaning of the variables in the situational and real-world applications.

o Ensure understanding of the difference in meaning and appearance of the graph for an inequality or system of inequalities that
include>, <, >, <, and #.

e A2.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.

o Extend knowledge and applications of linear equations/relationships begun in Algebra 1.
o Provide applications that allow students to see the usefulness/purpose of rewriting a formula by solving for one of the variables in
the formula.
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New Academic Vocabulary for This Unit

® Break-Even Point
Constraints

Feasible Region

Linear Programming
Optimization

Systems of Inequalities
Unbounded System
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Prior Knowledge Required for this Unit

Working with expressions and equations, including formulas, is an integral part of the curriculum in Grades 7 and 8. In high school, students explore
in more depth the use and application of equations and inequalities to model real-world problems, including restricting domains and ranges to fit
the problem’s context, as well as rewriting formulas for a variable of interest. In Algebra 1, the primary focus is on graphing and solving linear
equations and inequalities. Algebra 1 also includes systems of equations, but does not include systems of inequalities. In Algebra 2, these skills are
extended to more complex situations and modeling of real-world applications to include linear programming (not to be re-taught). Below are the
linear equations and inequalities standards students had the opportunity to learn in Algebra 1:

e Create and solve equations and inequalities in one variable (A1.ACE.1%*).

e Create and graph equations in two or more variables (A1.ACE.2*).

e Solve literal equations and formulas for specified variable (A1.ACE.4%).

e Solve linear equations and inequalities with coefficients represented by letters (A1.AREL.3*).
e Justify the solution to a system of linear equations (A1.AREL.5).

e Solve a system of linear equations graphically and algebraically (A1.AREI.6*).

e Graph the solutions of a linear inequality in two variables (A1.AREI.12*).
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Subsequent Knowledge Related to this Unit

e A2.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving linear, guadratic;simple
rationaland-exponentialrelationships. Interpret the solutions and determine whether they are reasonable.

o Will also be addressed in Algebra 2 Unit 5: Radical and Simple Rational Functions and Equations and Algebra 2 Unit 6: Exponential
Functions and Equations.

e A2.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales.

o Will also be addressed in Algebra 2 Unit 4: Quadratic Functions and Equations) and Algebra 2 Unit 6: Exponential Functions and
Equations.

e A2.ACE.3 Use systems of equations and inequalities to represent constraints arising in real-world situations. Solve such systems using
graphical and analytical methods, including linear programing. Interpret the solution within the context of the situation. (Limit to linear
programming.)

o Will also be addressed in Algebra 2 Unit 4: Quadratic Functions and Equations.
e A2.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.
o Will also be addressed in Algebra 2 Unit 4: Quadratic Functions and Equations, Algebra 2 Unit 5: Rational and Simple Rational
Functions and Equations, and Algebra 2 Unit 6: Exponential Functions and Equations.
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Relationship Among Standards in this Unit
All standards in this unit address linear equations/inequalities and systems of linear equations/inequalities. The focus is on creating and solving

these systems with an emphasis on linear programming and real-world applications. It is important to note that this unit also includes compound

inequalities and absolute value inequalities.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 2.

Linear Equations (A2.ACE.1*; A2.ACE.2*)

a. Activities for Creating an Equation Given a Situation
Illustrative Mathematics: Planes and Wheat
[llustrative Mathematics: Paying the Rent
Illustrative Mathematics: Buying a Car
Illustrative Mathematics: Clea on an Escalator

Compound/Absolute Value Inequalities (A2.ACE.1%)
a. CK—12: Overview of Solving Compound Inequalities
b. Great Valley School District: Absolute Value Inequality Word Problems for Assessment
c. Monterey Institute: Explanation of Compound Inequalities as a Union or Intersection of Inequalities
d. Purple Math: Overview Of Solving Absolute Value Inequalities

Systems of Equations and Inequalities and Linear Programming (A2.ACE.3)
a. Algebra-Class: Systems of Inequalities Practice Problems
b. Henrico County Public Schools: Linear Programming PowerPoint from Henrico/Virginia
c. llluminations: Using TI-83/84 to Develop Understanding of Linear Programming: Dirt Bike Dilemma

Literal Equations and Formulas (A2.ACE.4%*)
a. lllustrative Mathematics: Equations and Formulas

b. When teaching solving literal equations, educators should make connections to relevant science, business, and CATE applications (STEM).

Collaboration with teachers within such disciplines is encouraged.
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https://www.illustrativemathematics.org/content-standards/tasks/580
https://www.illustrativemathematics.org/content-standards/tasks/581
https://www.illustrativemathematics.org/content-standards/tasks/582
https://www.illustrativemathematics.org/content-standards/tasks/1003
https://braingenie.ck12.org/skills/107867
http://www.gvsd.org/cms/lib02/PA01001045/Centricity/Domain/384/4.6%20Absolute%20Value%20Inequality%20Word%20Problems%20for%20Assessment.pdf
http://www.montereyinstitute.org/courses/DevelopmentalMath/COURSE_TEXT2_RESOURCE/U10_L3_T1_text_final.html
http://www.purplemath.com/modules/absineq.htm
http://www.algebra-class.com/systems-of-inequalities-practice.html
http://teachers.henrico.k12.va.us/math/HCPSAlgebra2/3-6.htm
http://illuminations.nctm.org/Lesson.aspx?id=2355
https://www.illustrativemathematics.org/content-standards/tasks/393
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Resources

Algebra 2 Course Content Resources from Other States
a. Henrico County Public Schools: Algebra 2 Resources
b. EngageNY: Algebra 2 Resources
c. Georgia Department of Education: 9 — 12 Resources
d. Regents Prep: Algebra 2 and Trig
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http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
https://www.engageny.org/resource/high-school-algebra-ii
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
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Return to High School Overview, High School Table of Contents, or Algebra 2 Coversheet.

Activity Resources
a. lllustrative Mathematics: Activities For All Levels
b. Robert Kaplinksy: Problem-Based Learning Activities

Graphing Calculator Resources
a. Desmos: Online Graphing Calculator with Many Pre-Made Activities
b. Texas Instruments: Texas Instruments Algebra 2 Graphing Calculator Activities
c. Wabbit: Online TI-84 Silver Edition Graphing Calculator Emulator

Interactive Resources
a. Emergent Math: Emergent Math
b. Explore Learning: Gizmo Online Simulations
c. Interactive Quizzes: Interactive Quizzes for High School Assessments

Practice Tests and Assessment Resources
a. California Department of Education: California Algebra Released Test Questions
b. Practice Tests from Virginia for All Levels of Math - http://education.jlab.org/solquiz/
c. Problem-Attic: Sample Problems
d. XL Math for Algebra 2 - XL Math for Algebra 2

Video Resources
a. HippoCampus: Videos for Algebra 2
b. LearnersTV: Videos for Algebra 2
c. Virtual Nerd: Videos for Algebra 2
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https://www.illustrativemathematics.org/content-standards
http://robertkaplinsky.com/lessons/
https://www.desmos.com/
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://wabbit.codeplex.com/
http://emergentmath.com/
http://www.explorelearning.com/index.cfm?method=cResource.dspStandardCorrelation&id=1109
http://www.iq.poquoson.org/math.htm
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
http://education.jlab.org/solquiz/
http://www.problem-attic.com/
https://www.ixl.com/math/algebra-2
http://www.hippocampus.org/HippoCampus/Algebra%20%26%20Geometry
http://www.learnerstv.com/Free-Maths-Video-lectures-ltv493-Page1.ht
http://www.virtualnerd.com/algebra-2/all
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Sample Formative Assessment Tasks/Questions

Linear Equations, Inequalities, and Systems of Equations and Inequalities (A2.ACE.1*; A2.ACE.2*; A2.ACE.3; A2.ACE.4%)
a. Alocal snack company makes circular cakes. The average circumference of the snack cakes is supposed to be 18.85 inches. When reviewing
a recent batch of the snack cakes, the quality control manager thinks the cakes are not measuring the correct circumferences. To pass
inspection, the circumferences of the cakes need to be within 0.5 inches of the average.
i. Write an inequality to represent the situation. (Jx — 18.85| < 0.5
ii. Solve the inequality to find the appropriate range of circumferences for the snack cakes. (—0.5 < x — 18.85 < 0.5 so
18.35 inches < x < 19.35 inches)
b. Give students geometric, science, or business formulas and have them solve the equation for each of the different variables in the formula.

For example: Solve the formula C = Z(F — 32) that relates degrees Fahrenheit to degrees Celsius for F. Then then convert -5 degrees

Celsius to Fahrenheit.
c. Which equation states that the temperature, t, in a room is less than 30 from 6807
i. |3—t| <68
i. |3+¢t] <68
iii. |68 —t| < 3 (correct answer)
iv. |68 +t| <3
d. CK-—12: Multiple Choice Problems for Absolute Value Inequalities
e. llluminations: Dirt Bike Dilemma (Addresses the development and assesses the conceptual understanding of linear programming; can be used
for a resource for teaching the lesson or a formative assessment.)
f. llustrative Mathematics: Activities For Writing A System Of Inequalities With Constraints
g. lllustrative Mathematics: How Much Folate?

a. Inside Mathematics: Performance Assessment Tasks
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https://braingenie.ck12.org/skills/106665
http://illuminations.nctm.org/Lesson.aspx?id=2355
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/3/tasks/644
https://www.illustrativemathematics.org/content-standards/HSA/CED/A/3/tasks/1351
http://www.insidemathematics.org/performance-assessment-tasks
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e A2.AAPR.1* Add, subtract, and multiply polynomials and understand that polynomials are closed under these operations.
O Beyond quadratic polynomial expressions is the expectation for Algebra 2.
O Emphasize that the polynomials are closed under these 3 operations which means when adding (subtracting or multiplying) two
polynomials the result is a polynomial
o Emphasize the distributive property and not mnemonic devices.
O In Algebra 2, the polynomials should have rational and integer coefficients.
e A2.AAPR.3 Graph polynomials identifying zeros when suitable factorizations are available and indicating end behavior. Write a polynomial
function of least degree corresponding to a given graph. (Limit to polynomials with degrees 3 or less.)
O In Algebra 2, the polynomials should be 3rd degree and lower.
o Support student understanding of the terms: roots, zeros, x-intercepts, and solutions of equations; essentially they all mean the same
thing from a different perspective.
e A2.ASE.1* Interpret the meanings of coefficients, factors, terms, and expressions based on their real-world contexts. Interpret complicated
expressions as being composed of simpler expressions.
o In Algebra 1, students work with linear, exponential, and quadratic expressions.
o In Algebra 2, students extend these concepts to general polynomials (Unit 3) and rational expressions (Unit 5).
® A2.ASE.2* Analyze the structure of binomials, trinomials, and other polynomials in order to rewrite equivalent expressions.
o Linear, quadratic, and exponential expressions are the focus in Algebra 1, and integer exponents are extended to rational exponents
in Algebra 2 (only those with square or cube roots).
o In Algebra 2, the expectation is to extend to rational expressions (Unit 5).
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New Academic Vocabulary for This Unit

e C(Closed
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Prior Knowledge Required for this Unit

The conceptual understanding of adding, subtracting, multiplying and dividing integers is developed beginning in Grade 7. Students should make
connections between the arithmetic of integers and the arithmetic of polynomials. Understanding and applying the laws of exponents are essential
for success with this concept. Students have been introduced to key features (intercepts and end behavior) of graphs in previous courses. Below
are the standards covered in Algebra 1 in regards to polynomials:

Add, subtract and multiply polynomials (A1.AAPR.1%*)

Interpret the meanings of parts of expressions based on real-world contexts (A1.ASE.1*)

Analyze the structure of polynomials to rewrite equivalent expressions (A1.ASE.2*)

Explain the properties of operations of rational and irrational numbers (A1.NRNS.3)

Interpret the key features of functions and sketch the graph of a function from a verbal description (A1.FIF.4*)
Graph functions and indicate key features (A1.FIF.7%*)
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Subsequent Knowledge Related to this Unit

The standards in this unit are not addressed in subsequent units.
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Relationship Among Standards in this Unit

The standards in this unit address polynomial arithmetic and graphing polynomials. The unit investigations and activities should include polynomials
of degree 3 or lower. The analysis of the polynomials to identify zeros and the algebraic form should assist with graphing the polynomials.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 3.

Graphing Polynomials (A2.AAPR.3)
The students should investigate the graphs of several polynomials and derive the following conclusions. (The teacher should not tell the students.)

An nth degree polynomial has at most n roots and at most n — 1 “changes of direction” (i.e., from increasing to decreasing or vice versa).

An even-degree polynomial has the same end-behavior in both the positive and negative directions: both heading to positive infinity, or both
heading to negative infinity, depending upon the sign of the leading coefficient.

An odd-degree polynomial has opposite end-behavior in the positive versus the negative directions, depending upon the sign of the leading
coefficient.

An odd-degree polynomial function must have at least one real root.

Khan Academy: Using Zeros to Graph Polynomials

Geogebra: Polynomial Parameters

Desmos: Calculator

Polynomial Operations (A2.AAPR.1)

Geogebra: Area Model
Better Lesson: Adding and Subtracting Polynomials
EngageNY: Polynomial Operations

Interpreting the Polynomial Expression and Its Parts (A2.ASE.1*, A2.ASE.2)

Have students create their own expressions that meet specific criteria and verbalize how the expressions can be rewritten in different forms
Help students establish a visual understanding of algebraic expressions and the meaning of terms, factors, and coefficients using algebra tiles
Have students graph different algebraic expressions on the same coordinate plane using technology to verify the expressions are equivalent
or they can review the values in an input output table

Help students understand and interpret the meaning of coefficients, factors and terms by asking students to write a story context to support
the algebraic expression

Virtual Nerd: What is Quadratic Form of a Polynomial Equation?
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https://www.khanacademy.org/math/algebra2/polynomial-and-rational/factoring-higher-deg-polynomials/e/using-zeros-to-graph-polynomials
file://///MSFS01/Users/LBoozer/Mathematics/Math%20Resources/Phase%202%202015-16%20Support%20Document%20Team/Polynomial%20Parameters%20by%20Ted%20Coe
https://www.desmos.com/calculator
http://tube.geogebra.org/material/simple/id/21928
http://betterlesson.com/lesson/486914/polynomial-puzzles-1-adding-and-subtracting-polynomials
http://www.engageny.org/resource/algebra-ii-module-1-topic-a-lesson-4
http://www.virtualnerd.com/common-core/hsa-algebra/HSA-SSE-expressions-seeing-structure/A/2/quadratic-form-definition
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Resources

Algebra 2 Course Content Resources from Other States
a. Georgia Algebra 2 Resources: Georgia Algebra 2 Resources
b. New York Algebra 2 Resources: New York Algebra 2 Resources
c. Regents Resources from Oswego, New York: Regents Resources from Oswego, New York
d. Virginia Algebra 2 Resources: Virginia Algebra 2 Resources

Activity Resources
a. lllustrative Mathematics: Activities for all Levels
b. Robert Kaplinsky: Problem-Based Learning Activities

Interactive Resources
a. Emergent Math: Emergent Math
b. Explore Learning: Gizmo Online Simulations
c. Interactive Quizzes: Interactive Quizzes for High School Assessments

Practice Tests and Assessment Resources
a. California Algebra Released Test Questions: California Algebra Released Test Questions
b. Jefferson Lab: Practice Tests from Virginia for All Levels of Mathematics
c. Problem Attic: Sample Problems
d. XL Math for Algebra 2: XL Math for Algebra 2

Video Resources
a. HippoCampus: Videos for Algebra & Geometry
b. Learners TV: Videos for Algebra 2
c. Virtual Nerd: Videos for Algebra 2

Graphing Calculator Resources
a. Desmos: Online Graphing Calculator with Many Pre-Made Activities
b. Texas Instruments: Algebra 2 Graphing Calculator Activities
c. Wabbit: Online TI-84 Silver Edition Graphing Calculator Emulator
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https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
https://www.engageny.org/resource/high-school-algebra-ii
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
https://www.illustrativemathematics.org/content-standards
http://robertkaplinsky.com/lessons/
http://emergentmath.com/
http://www.explorelearning.com/index.cfm?method=cResource.dspStandardCorrelation&id=1109
http://www.iq.poquoson.org/math.htm
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
http://education.jlab.org/solquiz/
http://www.problem-attic.com/
https://www.ixl.com/math/algebra-2
http://www.hippocampus.org/HippoCampus/Algebra%20%26%20Geometry
http://www.learnerstv.com/Free-Maths-Video-lectures-ltv493-Page1.ht
http://www.virtualnerd.com/algebra-2/all
https://www.desmos.com/
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://wabbit.codeplex.com/

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 2 Unit 3: Polynomials
Return to High School Overview, High School Table of Contents, or Algebra 2 Coversheet.

Sample Formative Assessment Tasks/Questions

Polynomial Operations (A2.AAPR.1)
a. Braingenie: Add, Subtract, and Multiply Polynomials
b. Mathematics Assessment Project — Mathematics Assessment Resource Service: Generating Polynomials from Patterns
c. Regents Prep Center: Regents Prep Center

Graphing Polynomials (A2.AAPR.3)
a. IXL: Match Polynomials and Graphs
b. Mathematics Assessment Project — Mathematics Assessment Resource Service: Representing Polynomials Graphically

Interpreting the Polynomial Expression and Its Parts (A2.ASE.1*/ASE.2)
a. Georgia Department of Education: Exploration Task (page 54)
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https://braingenie.ck12.org/skills/106884
http://map.mathshell.org/download.php?fileid=1728
http://www.regentsprep.org/Regents/math/algtrig/ATV1/indexATV1.htm
https://www.ixl.com/math/algebra-2/match-polynomials-and-graphs
http://map.mathshell.org/download.php?fileid=1744
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-3.pdf
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Algebra 2 Unit 4 Title

Quadratic Functions, Equations, & Inequalities

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

For all standards in this unit, keep in mind that in prior grades, quadratic expressions, equations, and inequalities have been an integral part of the
curriculum. In Algebra 2, teachers should aid students in accessing this prior knowledge and extending it to applications. Students need to explore
in greater detail and depth the use of quadratic equations and inequalities in modeling and investigating real world situations. Special attention
should be placed on the domain and range and when and if the domain and range need to be restricted to fit the situation. These situations should
include analysis of algebraic, tabular, and graphical representations and their solutions. A new concept to Algebra 2 is the introduction of complex
solutions to quadratic functions in the form a + bi.

A2.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving lirea¥, quadratic, simple

rational,and-exponential relationships. Interpret the solutions and determine whether they are reasonable.

o Emphasis on modeling and solving real-world problems. Solving algebraically and graphically was taught in Algebra 1.

A2.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes

using appropriate labels, units, and scales.

o Limit to quadratic equations in this unit.

o0 Emphasize and discuss the importance of appropriate labels and scales on axes of graphs.

o Attention should be given to the importance of whether the boundary line for inequalities is included or not included in the solution
set.

A2.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.

o Limit to quadratic equations in this unit.
o Remind students that when taking the square root of a variable squared, there will be a positive and negative solution.

A2.AREl.4*b Solve mathematical and real-world problems involving quadratic equations in one variable.

b. Solve quadratic equations by inspection, taking square roots, completing the square, the quadratic formula and factoring, as appropriate
to the initial form of the equation. Recognize when the quadratic formula gives complex solutions and write them as a + bi for real
numbers a and b. (Note: A2.AREIl.4b is not a Graduation Standard.)

o Compare and contrast the different approaches (listed above) to solving the same quadratic problem.

O Provide students with the experience of analyzing the given problem to choose an appropriate method to solve.

o Emphasis should be placed on helping students to understand and solve complex solutions, as this is the first time students are
exposed to this concept. Have students observe that if a quadratic equation has complex solutions, the solutions always appear in
conjugate pairs.
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e A2.AREL.7 Solve a simple system consisting of a linear equation and a quadratic equation in two variables algebraically and graphically.
Understand that such systems may have zero, one, two, or infinitely many solutions. (Limit to linear equations and quadratic functions.)

o Encourage conceptual and visual understanding of the solution/s to a system by beginning with solving graphically a system that
consists of a linear and quadratic equation. Then solve the same system algebraically, showing it can be done both ways. This can
also lead to a discussion as to why there are times when graphing is not as efficient as solving algebraically due to fractional or
decimal answers.

O Proceed by moving to a system that consists of two quadratic equations, solving first graphically and then algebraically.

e A2.AREI.11* Solve an equation of the form f(x) = g(x) graphically by identifying the x-coordinate(s) of the point(s) of intersection of the
graphsof y = f(x) and y = g(x).

o Explain that when we set two quadratic equations (or one linear equation and one quadratic equation) equal and solve, it is
essentially the same thing as solving a system of equations. This standard deals primarily with graphing but can easily be extended to
an algebraic method.

e A2.ASE.3b* Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity represented by the
expression. (Note: A2.ASE.3b and 3c are not Graduation Standards.) b. Determine the maximum or minimum value of a quadratic function
by completing the square.

o Develop understanding that by completing the square, the coordinates (h, k) in the general form y = a(x — h)? + k represents the
vertex of the parabola; that h is the horizontal shift and y is the vertical shift.

O Understand the connection between the vertex and the minimum/maximum point. Students should understand that when a > 0,
the vertex is a minimum point and when a < 0, the vertex is a maximum point. Further emphasize the meaning of a
minimum/maximum in real-world contextual situations.

e A2.FBF.1b* Write a function that describes a relationship between two quantities. (Note: IA.FBF.1a is not a Graduation Standard.)

b. Combine functions using the operations addition, subtraction, multiplication, and division to build new functions that describe the
relationship between two quantities in mathematical and real-world situations.

e A2.FBF.3* Describe the effect of the transformations kf (x), f(x) + k, f (x + k), and combinations of such transformations on the graph of
y = f(x) for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its
graph.

O Limit to quadratic equations in this unit.

o Distinguish between what causes a vertical shifts versus a horizontal shift. Vertical shifts have been discussed in Algebra 1.

o Extend the idea of transformations of a quadratic equation to include what causes the parabola to be narrower or wider.

O Recognition of even and odd functions should be included in this unit.
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o A2.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries; end behavior and-periodicity.

O Limit to quadratic functions in this unit.
O Begin by identifying the key features of a given graph, then transitioning to using a set of characteristics to sketch the graph of a
guadratic function.

e A2.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes.

O Include the restrictions to the domain and range that are created by modeling real-world situations.
e A2.FIF.6* Given a function in graphical, symbolic, or tabular form, determine the average rate of change of the function over a specified
interval. Interpret the meaning of the average rate of change in a given context.
o Emphasis should be placed on interpreting what the average rate of change means in the given situation.
O Extensions can be made to the discussion of the average rate of change between two points on the function that form a secant line
and what it means as the distance between two points on the graph decreases.

e A2.FIF.8* Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.

o Analyze, compare, and contrast quadratic functions in the formy = ax? + bx + ¢, y = a(x — h)? + k, and the factored form of a
guadratic function to develop understanding of making the best selection of a particular form for different contextual situations.

o Understand that y = ax? + bx + ¢ can often be factored to easily find the zeroes of the function, while the form y = a(x — h)? + k
allows for easy identification of the vertex of the function.

e A2.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal.

o Compare two quadratic functions represented in different ways. For example, given a graph of one quadratic function and the
algebraic expression for another, compare the maximums or minimums of the two quadratic functions.

e A2.NCNS.1* Know there is a complex number i such that i? = —1, and every complex number has the form a + bi with a and b real.

O Introduction of the complex number i begins in Algebra 2. The use of complex numbers is essential to mathematics and science.

e A2.NCNS.7* Solve quadratic equations in one variable that have complex solutions.

o Knowledge of complex numbers makes every quadratic equation solvable. Prior to this, students have not had the ability to solve
guadratic equations with a negative discriminant.
O Emphasize understanding of what creates a complex solution and that complex solutions come in conjugate pairs.
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New Academic Vocabulary for This Unit

e Complex Number
Complex Roots
Complex Solution
End Behavior
Even/Odd Functions
Imaginary Number (i)
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Prior Knowledge Required for this Unit

Working with quadratic functions, equations, and inequalities is an integral part of the curriculum in Algebra 1. Standards that are in Algebra 1 and
then extended in Algebra 2 are as follows:

Create and solve quadratic equations and inequalities in one variable (A2.ACE.1%*).

Create and graph quadratic equations in two or more variables (A1.ACE.2%*).

Solve mathematical and real-world problems involving quadratic equations in one variable (A1.AREI.4%*).

Solve quadratic equations by inspection, taking square roots, completing the square, the quadratic formula, and factoring (A1.AREI.4b*).
Solve an equation in the form of f(x) = g(x) graphically (A2.AREI.11*).

Describe the effect of transformations and combinations of transformations on a quadratic equation (A1.FBF.3*).

Interpret key features including intercepts, increasing/decreasing intervals, etc. (A2.FIF.4%).

Relating the domain and range of a function to its graph (A2.FIF.5%).

Determining average rate of change of a function over a specified interval (A2. FIF.6).

Translate between different but equivalent forms of an equation to reveal and explain different properties of the function(A.FIF.8).
Compare properties of two functions in different representations such as algebraic, graphical, tabular, and verbal (A.FIF.9%).

In Algebra 2, these skills are not to be retaught, but extended (by further development of prior knowledge) to more complex situations and
modeling of real-world applications. This will also include solving a simple system consisting of a linear equation and a quadratic equation.
Students will now explore in more depth the use and application of quadratic equations and inequalities to model real-world problems, including
restricting domains and ranges to fit the problem’s context. Algebra 1 curriculum includes solving quadratics by inspection, taking the square roots,
completing the square, the quadratic formula, and factoring, but all answers are limited to non-complex roots. This is extended in Algebra 2 to
include complex roots. Completing the square introduced in Algebra 1 is to be extended in Algebra 2 by using the form y = a(x — h)? + k to
determine the maximum or minimum value of a quadratic function.
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Subsequent Knowledge Related to this Unit

e A2.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving linear, quadratic, simple
rational, and exponential relationships. Interpret the solutions and determine whether they are reasonable.

o Will also be addressed in Algebra 2 Unit 2 (Linear Equations & Inequalities), Algebra 2 Unit 5 (Radical & Simple Rational Functions &
Equations), and Algebra 2 Unit 6 (Exponential Functions & Equations)

e A2.ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes
using appropriate labels, units, and scales.

o Will also be addressed in Algebra 2 Unit 2 (Linear Equations & Inequalities) and Algebra 2 Unit 6 (Exponential Functions & Equations)

e A2.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.

o Will also be addressed in Algebra 2 Unit 2 (Linear Equations & Inequalities), Algebra 2 Unit 5 (Radical & Simple Rational Functions &
Equations), and Algebra 2 Unit 6 (Exponential Functions & Equations)

e A2.AREIL.11* Solve an equation of the form f(x) = g(x) graphically by identifying the x-coordinate(s) of the point(s) of intersection of the
graphsof y = f(x) and y = g(x).

o Will also be addressed in Algebra 2 Unit 5 (Radical & Simple Rational Functions & Equations) and Algebra 2 Unit 6 (Exponential
Functions & Equations)
e A2.FBF.1b* Write a function that describes a relationship between two quantities. (Note: IA.FBF.1a is not a Graduation Standard.)
b. Combine functions using the operations addition, subtraction, multiplication, and division to build new functions that describe the
relationship between two quantities in mathematical and real-world situations.
o Will also be addressed in Algebra 2 Unit 1 (Functions), Algebra 2 Unit 5 (Radical & Simple Rational Functions & Equations), and
Algebra 2 Unit 6 (Exponential Functions & Equations)

e A2.FBF.3* Describe the effect of the transformations (x), (x) + k, f(x + k), and combinations of such transformations on the graph of
y = f(x) for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its
graph.

o Will also be addressed in Algebra 2 Unit 1 (Functions), Algebra 2 Unit 5 (Radical & Simple Rational Functions & Equations), and
Algebra 2 Unit 6 (Exponential Functions & Equations)

o A2.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries; end behavior ard-periodicity.

o Will also be addressed in Algebra 2 Unit 5 (Radical & Simple Rational Functions & Equations) and Algebra 2 Unit 6 (Exponential
Functions & Equations)
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e A2.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes.
o Will also be addressed in Algebra 2 Unit 5 (Radical & Simple Rational Functions & Equations) and Algebra 2 Unit 6 (Exponential
Functions & Equations)
e A2.FIF.6* Given a function in graphical, symbolic, or tabular form, determine the average rate of change of the function over a specified
interval. Interpret the meaning of the average rate of change in a given context.
o Will also be addressed in Algebra 2 Unit 5 (Radical & Simple Rational Functions & Equations) and Algebra 2 Unit 6 (Exponential
Functions & Equations)
e A2.FIF.8* Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.
o Will also be addressed in Algebra 2 Unit 5 (Radical & Simple Rational Functions & Equations) and Algebra 2 Unit 6 (Exponential
Functions & Equations)
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Relationship Among Standards in this Unit

All standards in this unit address quadratic equation and inequalities, both real and complex solutions. The overarching relationship among the
standards in this unit is:

e All quadratic equations/inequalities have a solution as we now include complex solutions.
e The method for solving quadratic equations/inequalities varies based on which method is most appropriate.

e Making connections between the graphical, algebraic (including standard and vertex form), and tabular form of a quadratic
equation/inequality are essential.

e Learning to use and interpret key features of the graph of a quadratic equation/inequalities allows students to explore and analyze the
meaning of these key features.

e Applications through modeling of real world situations should take into consideration any restriction/s to the domain or range.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 4.

Quadratic Equation (Real Solutions) Investigations/Activities/Lessons

a. Better Lesson: Connecting Real World Phenomena And The Average Rate Of Change Of A Quadratic Function (A2.FIF.6*)
Better Lesson: Analyzing Quadratic Equations And Their Graphs In Varied Forms (A2.ASE.3*, A2.FIF.8*, A2.FIF.9%)
Better Lesson: Using A Real World Context To Analyze A Quadratic Function To Maximize Profit (A2.ASE.3*, A2.AREI.4*, A2.FIF.5/6/7/8/9%,
A2.FBF.1%)

d. Better Lesson: Reviewing Quadratic Functions (A2.AREI.4*)

. Better Lesson: Modeling Quadratics - Projectile Motion, Revenue Maximization, Area, And Number Puzzles (A2.ACE.1%)

f. Better Lesson: Graphing Using Various Algebraic Forms Of Quadratic Equations And Analyzation Of Key Features Of The Graph (A2.ASE.3%*,
A2.FIF.4/7%)

g. Better Lesson: Translate Between Verbal, Algebraic, Numeric, And Graphical Representations Of Quadratic Equations (A2.AREI.4%,
A2.ASE.3%*)

Quadratic Inequalities Investigations/Activities/Lessons
a. Better Lesson: Solving A System Of Quadratic And Linear Equations Graphically (A2.AREL.7*)

Complex Numbers Investigations/Activities/Lessons
a. Better Lesson: Introducing Complex Numbers

Quadratic Equations (Complex Solutions) Investigations/Activities/Lessons

a. Better Lesson: Solve Quadratics That Have Complex Solutions, Graph The Solutions, And Recognize Complex Conjugates (A2.NCNS.7)

b. Better Lesson: Complex Solutions To Quadratic Functions (A2.NCNS.7%)

c. Better Lesson: Understanding the Fundamental Theorem of Algebra (understand that the degree of the polynomials tells us the number of
solutions to expect if we include both real and imaginary solutions) (A2.NCNS.7%*)

d. Better Lesson: Imaginary Answers To Real World Problems (A2.NCNS.7%*)

e. Better Lesson: Compare And Contrast The Effectiveness Of Multiple Methods Of Solving Quadratics Which Include Complex Solutions
(A2.NCNS.7*, A2.FIF.8*)
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http://betterlesson.com/lesson/558828/modeling-with-quadratic-functions
http://betterlesson.com/lesson/581592/quadratic-functions-standard-and-intercept-forms
http://betterlesson.com/lesson/440234/performance-task-pulling-it-together-with-quadratics
http://betterlesson.com/lesson/465561/quadratic-function-jigsaw
http://betterlesson.com/lesson/596720/quadratic-modeling-day-2
http://betterlesson.com/lesson/581593/flexibility-with-quadratic-functions
http://betterlesson.com/lesson/581596/quadratic-performance-task
http://betterlesson.com/lesson/427947/solve-systems-of-quadratic-and-linear-equations-graphically
http://betterlesson.com/lesson/460929/that-s-complex
http://betterlesson.com/lesson/440261/complex-solutions-to-quadratic-equations
http://betterlesson.com/lesson/556074/complex-solutions-of-quadratics
http://betterlesson.com/lesson/581597/the-fundamental-theorem-of-algebra-and-imaginary-solutions
http://betterlesson.com/lesson/460972/another-solution
http://betterlesson.com/lesson/525599/completing-the-square-day-1-of-2
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Resources

Algebra 2 Course Content Resources from Other States
a. New York Algebra 2 Resources: New York Algebra 2 Resources
b. Georgia Algebra 2 Resources: Georgia Algebra 2 Resources
c. Regents Resources from Oswego, New York: Regents Resources from Oswego, New York
d. Virginia Algebra 2 Resources: Virginia Algebra 2 Resources

Activity Resources
a. lllustrative Mathematics: Activities for all Levels
b. Robert Kaplinsky: Problem-Based Learning Activities

Interactive Resources
a. Emergent Math: Emergent Math
b. Explore Learning: Gizmo Online Simulations
c. Interactive Quizzes: Interactive Quizzes for High School Assessments

Practice Tests and Assessment Resources
a. California Algebra Released Test Questions: California Algebra Released Test Questions
b. Jefferson Lab: Practice Tests from Virginia for All Levels of Mathematics
c. Problem Attic: Sample Problems
d. XL Math for Algebra 2: XL Math for Algebra 2

Video Resources
a. HippoCampus: Videos for Algebra & Geometry
b. Learners TV: Videos for Algebra 2
c. Virtual Nerd: Videos for Algebra 2

Graphing Calculator Resources
a. Desmos: Online Graphing Calculator with Many Pre-Made Activities
b. Texas Instruments: Algebra 2 Graphing Calculator Activities
c. Wabbit: Online TI-84 Silver Edition Graphing Calculator Emulator
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https://www.engageny.org/resource/high-school-algebra-ii
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
https://www.illustrativemathematics.org/content-standards
http://robertkaplinsky.com/lessons/
http://emergentmath.com/
http://www.explorelearning.com/index.cfm?method=cResource.dspStandardCorrelation&id=1109
http://www.iq.poquoson.org/math.htm
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
http://education.jlab.org/solquiz/
http://www.problem-attic.com/
https://www.ixl.com/math/algebra-2
http://www.hippocampus.org/HippoCampus/Algebra%20%26%20Geometry
http://www.learnerstv.com/Free-Maths-Video-lectures-ltv493-Page1.ht
http://www.virtualnerd.com/algebra-2/all
https://www.desmos.com/
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://wabbit.codeplex.com/
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Sample Formative Assessment Tasks/Questions

a. Complex Numbers Formative Assessment: Complex Number Maze
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Algebra 2 Unit 5 Title

Radical and Rational Functions

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

® A2.ACE.1* Create and solve equations and inequalities in one variable that model real-world problems involving lirear-guadratie, simple
rational, and-expenential relationships. Interpret the solutions and determine whether they are reasonable.
o Create, solve, and evaluate rational equations with monomial and polynomial denominators.
o Interpret the solutions, noting if any are extraneous.

® A2.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.
o Use equations and formulas from a variety of subjects and disciplines.

® A2.AREL2* Solve simple rational and radical equations in one variable and understand how extraneous solutions may arise.
o Understand that not all solutions generated algebraically are actually solutions to the original equations, therefore extraneous
solutions must be explored.

® A2 AREL11* Solve an equation of the form f(x) = g(x) graphically by identifying the x- coordinate(s) of the point(s) of intersection of the
graphs of y = f(x) and y = g(x).
o Extend this understanding as the standard was taught in Algebra 1 and previous units.
o Explain that when we set two equations equal and solve, it is essentially the same thing as solving a system of equations. This
standard deals primarily with graphing but can easily be extended to an algebraic method.
o Limit to rational and radical functions in this unit.

® A2 FBF.1a* (Note: IA.FBF.1a is not a Graduation Standard.) Write a function that models a relationship between two quantities using both
explicit expressions and-a+eeursive-precess and by combining standard forms using addition, subtraction, multiplication and division to build
new functions.
o Understand that rational functions are the result of the division of two polynomial functions.

® A2.FBF.1b* Combine functions using the operations addition, subtraction, multiplication, and division to build new functions that describe
the relationship between two quantities in mathematical and real-world situations.
o Understand that many rational functions are the result of the combination of other functions. For example, f(x) = 1, g(x) = x, and h(x)
= x+2. m(x) = f(x)/[g(x)*h(x)] = 1/[x(x+2)] = 1/x*+2x
e A2.FBF.3* Describe the effect of the transformations kf(x), f(x) + k, f(x + k), and combinations of such transformations on the graph of y = f(x)
for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its graph.
O Understand that many rational functions are the result of a transformation of f(x) = 1/x. For example, g(x) = f(x+a) = 1/(x+a).

o Understand that many radical functions are the result of a transformation of f(x) = vx. For example, g(x) = f(x-2) = vVx — 2
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e A2 FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity.

o A key feature of rational functions is the possibility of asymptotes and points of discontinuity.

e A2.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes.

O Emphasize that the domain of a radical function is restricted due to the requirement that the radicand must be greater than or equal
to zero.

e A2.FIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. Graph simple
cases by hand and use technology for complicated cases.

O Use the key features to graph the rational and radical functions.
o0 Emphasize asymptotes for rational functions and restricted domains for radical functions.
e A2.FIF.8* Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.
o Simplifying (by factoring or other strategies) the rational equations will help explain the discontinuity, asymptotes, and other features
of the graph of the function.
o Include rationalizing any radical monomials by using the exponent properties or binomials that include radicals by multiplying by the
conjugate.
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New Academic Vocabulary for This Unit

Asymptotes (vertical and horizontal)

Conjugate

Extraneous solution

Point of discontinuity (removable and non-removable)
Rational expression
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Prior Knowledge Required for this Unit

e Notice the arithmetic operations of rational expressions is governed by the same rules as the arithmetic operations of rational numbers
(7.NS.3)

e Recall and make use of their knowledge of polynomial functions as well as compositions of functions to investigate the characteristics of
rational functions (AAPR.1 and AAPR.3)
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Subsequent Knowledge Related to this Unit

A2.ACE.1 Unit 5 addresses solving radical and rational equations.
o Will also be addressed in Algebra 2 Unit 6 (Exponential Functions & Equations)
A2.ACE.4 Unit 5 addresses solving radical and rational literal equations and formulas.
o Will also be addressed in Algebra 2 Unit 6 (Exponential Functions & Equations)
A2.AREI.11 Unit 5 addresses solving the radical and/or rational equations graphically.
o Will also be addressed in Algebra 2 Unit 6 (Exponential Functions & Equations)
A2.FBF.1 Unit 5 writes a function that models a relationship between two quantities.
o Will also be addressed in Algebra 2 Unit 6 (Exponential Functions & Equations)
A2.FBF.3* Unit 5 describes the effect of the transformations on the graphs of radical and rational functions and writes the equation of a
transformed parent function given its graph.
o Will also be addressed in Algebra 2 Unit 6 (Exponential Functions & Equations)
A2.FIF.4 Unit 5 interprets the key features of radical and rational functions.
o Will also be addressed in Algebra 2 Unit 6 (Exponential Functions & Equations)
A2.FIF.5 Unit 5 relates the domain and range of radical and rational functions to the relationships described.
o Will also be addressed in Algebra 2 Unit 6 (Exponential Functions & Equations)
A2.FIF.8 Unit 5 translates between equivalent forms of rational functions.
o Will also be addressed in Algebra 2 Unit 6 (Exponential Functions & Equations)
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Relationship Among Standards in this Unit
The standards in this unit include functions not specifically covered in previous math courses. Students are expected to write, graph, apply, and

interpret these functions. The focus in Unit 5 is on the key features (asymptotes and points of discontinuity) of rational and radical functions. The
goal is for students to develop, understand, and make connections between a variety of function forms: equations, graphs, verbal descriptions, and
tables. Emphasis is also placed on the transformation of these functions in the coordinate plane. The terms extraneous solutions, asymptotes, and

points of discontinuity are introduced for the first time.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 5.

In previous grades, students should have noted rational numbers extend the arithmetic of integers by allowing division by all numbers except zero.
Similarly, rational expressions extend the arithmetic of polynomials by allowing division by all polynomials except the zero polynomial. Sign charts
are recommended when evaluating rational functions to show the change in directions of the graphs of rational functions. For both rational and
radical functions, it is essential for students to see and analyze many graphs of both types of functions. During the analysis of the graphs of the
functions, the students should look for patterns and notice what features remain the same and what changes to the graphs occur. After observing
several graphs, students should understand that the inverses of the power functions y = x™ (with domains restricted as needed) form parent

functions y = 3/x for families of radical functions.

Illustrative Mathematics: Graphing Rational Functions (A2.FIF.7%)

West Contra Costa Unified School District: Key Features and Vocabulary for Rational Functions (A2.FIF.4*)
West Contra Costa Unified School District: Solving Radical Equations (A2.AREI.2%*)

Brain Genie: Rational Exponents and Radical Functions (A2.AREI.2*)

Brain Genie: Solve Rational Equations (A2.AREI.2*)

[llustrative Mathematics: \Who Wins the Race (A2.AREI.2*, A2.ACE.1*, A2.AREI.11%*)

Geogebra: Graphs of Radical Functions (A2.FBF.3%*)

Geogebra: Characteristics of Radical Functions(A2.FBF.3*)

Brain Genie: Graph Simple Rational (A2.FBF.3%*)
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https://www.illustrativemathematics.org/content-standards/tasks/1694
file://///MSFS01/â—�%09http/::www.wccusd.net:cms:lib03:CA01001466:Centricity:domain:60:lessons:algebra%20ii%20lessons:RationalFunctionsAlgebra2v5.pdf
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/algebra%20i%20lessons/SolvingRadicalEqationsV3.pdf
https://braingenie.ck12.org/subjects/104
https://braingenie.ck12.org/skills/106410
https://www.illustrativemathematics.org/content-standards/tasks/1915
http://tube.geogebra.org/material/simple/id/4892
http://tube.geogebra.org/material/simple/id/946317
https://braingenie.ck12.org/skills/106381
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Resources

Algebra 2 Course Content Resources from Other States
a. Henrico County Public Schools: Algebra 2 Resources
b. EngageNY: Algebra 2 Resources
c. Georgia Department of Education: 9 — 12 Resources
d. Regents Prep: Algebra 2 and Trig

Activity Resources
a. lllustrative Mathematics: Activities For All Levels
b. Robert Kaplinksy: Problem-Based Learning Activities

Graphing Calculator Resources
a. Desmos: Online Graphing Calculator with Many Pre-Made Activities
b. Texas Instruments: Texas Instruments Algebra 2 Graphing Calculator Activities
c. Wabbit: Online TI-84 Silver Edition Graphing Calculator Emulator

Interactive Resources
a. Emergent Math: Emergent Math
b. Explore Learning: Gizmo Online Simulations
c. Interactive Quizzes: Interactive Quizzes for High School Assessments

Practice Tests and Assessment Resources
a. California Department of Education: California Algebra Released Test Questions
b. Practice Tests from Virginia for All Levels of Math - http://education.jlab.org/solquiz/
c. Problem-Attic: Sample Problems
d. XL Math for Algebra 2 - XL Math for Algebra 2

Video Resources
a. HippoCampus: Videos for Algebra 2
b. LearnersTV: Videos for Algebra 2
c. Virtual Nerd: Videos for Algebra 2
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http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
https://www.engageny.org/resource/high-school-algebra-ii
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
https://www.illustrativemathematics.org/content-standards
http://robertkaplinsky.com/lessons/
https://www.desmos.com/
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://wabbit.codeplex.com/
http://emergentmath.com/
http://www.explorelearning.com/index.cfm?method=cResource.dspStandardCorrelation&id=1109
http://www.iq.poquoson.org/math.htm
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
http://education.jlab.org/solquiz/
http://www.problem-attic.com/
https://www.ixl.com/math/algebra-2
http://www.hippocampus.org/HippoCampus/Algebra%20%26%20Geometry
http://www.learnerstv.com/Free-Maths-Video-lectures-ltv493-Page1.ht
http://www.virtualnerd.com/algebra-2/all
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Sample Formative Assessment Tasks/Questions

Solving Equations (A2.ACE.1)
a. Problem-Attic: Sample Problems
b. Math Bits Notebook: Radical Equations (#1 and 10)
c. Math Bits Notebook: Radical Equations (#3, 11, 12)

Rational Function that Models Two Quantities (A2.FBF.1, A2.FIF.5)
a. Georgia State Department of Education: Unit 4 (tasks begin on page 63)

Functions that Model Two Quantities
a. Mathematics Assessment Project: Representing Functions of Everyday Situations
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http://www.problem-attic.com/
http://mathbitsnotebook.com/Algebra2/PARCCExams/Algebra%202%20-%20PBA%20-%20Item%20Set%20%202015.pdf
http://mathbitsnotebook.com/Algebra2/PARCCExams/Algebra%202%20-%20EOY%20-%20Item%20Set%202015.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-4.pdf
http://map.mathshell.org/download.php?fileid=1740
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Algebra 2 Unit 6 Title

Exponential Functions and Equations

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 348




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 2 Unit 6: Exponential Functions and Equations
Return to High School Overview, High School Table of Contents, or Algebra 2 Coversheet.

Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e A2.ACE.1* Create and solve equations and inegualities in one variable that model real-world problems involving linear-guadratic,simple

rationaland exponential relationships. Interpret the solutions and determine whether they are reasonable.
o Limit to exponential equations for this unit.
o Extend beyond integer exponents (from Algebra 1).

e A2 ACE.2* Create equations in two or more variables to represent relationships between quantities. Graph the equations on coordinate axes

using appropriate labels, units, and scales.
o Emphasis should be on the appropriate use of labels, units, and scales when graphing.
o Limit to exponential equations for this unit.

e A2.ACE.4* Solve literal equations and formulas for a specified variable including equations and formulas that arise in a variety of disciplines.

o Solve using logarithms as an extension for Honors Algebra 2

e A2.ASE.3* Choose and produce an equivalent form of an expression to reveal and explain properties of the quantity represented by the
expression. (Note: A2.ASE.3c are not Graduation Standards.) c. Use the properties of exponents to transform expressions for exponential

functions.
o An example of the use of an exponent property would be 1.15" can be written as (1.151/12)12t ~1.012™%.

e A2 AREIL11* Solve an equation of the form f(x) = g(x) graphically by identifying the B- coordinate(s) of the point(s) of intersection of the

graphs of y = f(x) and y = g(x).
o Extend this standard to include higher-order polynomials, rational, radical, absolute value and exponential functions.

o Understand that graphical solution methods may produce approximate solutions, and algebraic solution methods produce precise

solutions that can be represented graphically or numerically.
o Include the use of a graphing calculator for finding points of intersection.
e A2.FBF.1* Write a function that describes a relationship between two quantities. (Note: IA.FBF.1a is not a Graduation Standard.)

a. Write a function that models a relationship between two quantities using both explicit expressions and a recursive process and by

combining standard forms using addition, subtraction, multiplication and division to build new functions.
o Make the connection to geometric sequences taught in Algebra 1 and unit 1 of Algebra 2.
o Emphasize that there are times when one form (explicit and recursive) to describe the function is preferred over the other.
e A2.FBF.1* Write a function that describes a relationship between two quantities.

b. Combine functions using the operations addition, subtraction, multiplication, and division to build new functions that describe the

relationship between two quantities in mathematical and real-world situations.
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o More complex exponential functions should be developed by using the operations addition, subtraction, and multiplication (such as
f(x) = 100 + 6")
o Emphasis should be on how the operation affects the function and the relationship it is modeling
A2.FBF.2* Write arithmetic-ahd geometric sequences both recursively and with an explicit formula, use them to model situations, and
translate between the two forms.
o Intermediate Algebra students will have been exposed to this standard whereas this is the first time these concepts will be
introduced to students coming from Algebra 1.
Connect geometric sequences to exponential functions.
Exponential functions are the explicit form of recursively-defined geometric sequences.
The recursive formula for a geometric sequence uses multiplication and the explicit formula uses exponentiation.
Understand the difference between an explicit and recursive formula. An explicit formula is a function rule that relates each term of
a sequence to the term number/position. An explicit formula allows the students to find any element of a sequence without knowing
the element before it. Recursive formula is a function rule that relates each term of a sequence to the prior term.
A2.FBF.3* Describe the effect of the transformations kf(x), f(x) + k, f(x + k), and combinations of such transformations on the graph of y = f(x)
for any real number k. Find the value of k given the graphs and write the equation of a transformed parent function given its graph.
o Exploration of the effects of a constant, k, should include comparing the shape and position and analyzing the differences between
the graphs of the original equation and transformed equation.
o Limit to exponential functions.
A2.FIF.3* Define functions recursively and recognize that sequences are functions, sometimes defined recursively, whose domain is a subset
of the integers.
o Explain that a recursive formula tells how a sequence starts and how to use the previous value(s) to generate the next element of the
sequence.
A2.FIF.4* Interpret key features of a function that models the relationship between two quantities when given in graphical or tabular form.
Sketch the graph of a function from a verbal description showing key features. Key features include intercepts; intervals where the function
is increasing, decreasing, constant, positive, or negative; relative maximums and minimums; sywametries; end behavior and periodicity.
o Make a connection to F.BF.1b and F.BF.3 when teaching.
A2.FIF.5* Relate the domain and range of a function to its graph and, where applicable, to the quantitative relationship it describes.
o Emphasize the domain includes all real numbers as students may think otherwise when reviewing the visual representation.
o Explore graphical representations to analyze the variability in the range.
A2.FIF.6* Given a function in graphical, symbolic, or tabular form, determine the average rate of change of the function over a specified

O O O O
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interval. Interpret the meaning of the average rate of change in a given context.
o Because exponential functions increase and decrease so rapidly, it may be necessary to look at smaller intervals when determining
average rate of change.

e A2.FIF.7* Graph functions from their symbolic representations. Indicate key features including intercepts; intervals where the function is
increasing, decreasing, positive, or negative; relative maximums and minimums; symmetries; end behavior and periodicity. Graph simple
cases by hand and use technology for complicated cases.

o ldentify such features as the asymptote, the intercepts, end behaviors of the functions.

e A2.FIF.8* Translate between different but equivalent forms of a function equation to reveal and explain different properties of the function.

(Note: A2.FIF.8b is not a Graduation Standard.) b. Interpret expressions for exponential functions by using the properties of exponents.
o Make a connection to ASE.3.

e A2.FIF.9* Compare properties of two functions given in different representations such as algebraic, graphical, tabular, or verbal.

o Describe and explain the characteristics (i.e. increasing/decreasing, end behaviors, asymptotes, etc) of two exponential functions
when presented in different forms

e A2 FLQE.1* Distinguish between situations that can be modeled with linear functions or exponential functions by recognizing situations in
which one quantity changes at a constant rate per unit interval as opposed to those in which a quantity changes by a constant percent rate
per unit interval. (Note: A2.FLQE.1b is not a Graduation Standard.) b. Recognize situations in which a quantity grows or decays by a constant
percent rate per unit interval relative to another.

o Understand that exponential functions change by equal factors over time. If this factor is greater than 1, it indicates exponential
growth. If the factor is between 0 and 1, it indicates exponential decay.

e A2.FLQE.2* Create symbolic representations ofdirearand exponential functions, including arithmetic-and geometric sequences, given
graphs, verbal descriptions, and tables.

o Explore translating from the graph, verbal description, or table to an algebraic model.

e A2 FLQE.5* Interpret the parameters in a linear or exponential function in terms of the context.

o Use real-world contexts to help students understand how the parameters of exponential functions depend on the context. Students
can be given different parameters of a function to manipulate and compare the results to draw conclusions about the effects of the
changes.
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New Academic Vocabulary for This Unit

e Explicit formula/rule
e Percent rate of change
e Recursive formula/rule

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 352




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 2 Unit 6: Exponential Functions and Equations
Return to High School Overview, High School Table of Contents, or Algebra 2 Coversheet.

Prior Knowledge Required for this Unit

In earlier grades, students have developed conceptual knowledge and been expected to:

Apply exponent rules (8.EEI.1)

Create and solve equations, but limited to integer exponents (A1.ACE.1)

Graphing equations using appropriate labels, units, and scales (A1.ACE.2)

Identify x-coordinates and points of intersection of graphs (A1.AREI.11)

Identifying key features of a function and sketching the graph from a verbal description. (A1.FIF.4)
Relate the domain and range of a function to its graph.(A1.FIF.5)

Determine the average rate of change of a function over a specified interval. (A1.FIF.6)

Effects of transformation with exponential with integer exponents (A1.FBF.3)

Create symbolic representations of linear functions (A1.FLQE.2)

Interpret the parameters in a linear function in terms of context (A1.FLQE.5)
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Subsequent Knowledge Related to this Unit

The following standards are also included in Pre-Calculus:

e AREI11 Identifying x-coordinates and points of intersection of graphs.

e FBF.1b Combining functions using operations.

e FBF.3 Describing transformations of a graph.

e FIF.4 Identifying key features of a function and sketching the graph from a verbal description.
e FIF.5 Relating the domain and range of a function to its graph.

e FIF.6 Determining the average rate of change of a function over a specified interval.
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Relationship Among Standards in this Unit

All standards in this unit address exponential functions and equations. The overarching relationship amongst the standards in this unit is:

e Making connections between the graphical, algebraic, and tabular form of exponential functions and equations are essential.

e Learning to use and interpret key features of the graph of exponential functions allows students to explore and analyze the meaning of these
key features.

e Applications through modeling of real world situations should take into consideration any restriction/s to the domain or range.

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 355




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Algebra 2 Unit 6: Exponential Functions and Equations

Return to High School Overview, High School Table of Contents, or Algebra 2 Coversheet.

Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 6.

Transforming Exponential Graphs
a. Explore Learning: Exponential Functions-Activity A
b. Better Lesson: “Stretching Exponential Functions and Your Mind”

Exponential Growth and Decay
a. College Preparatory Mathematics: Exponential Growth and Decay
b. Alabama Learning Exchange: Exponential Growth and Decay
c. Georgia Standards of Excellence Framework: Zombie Apocalypse Simulation
d. Georgia Standards of Excellence Framework: Bacteria in the Swimming Pool

Key Features and Characteristics of Exponential Functions
a. Georgia Standards of Excellence Framework: Graphs of Exponential Functions

Geometric Sequences - Explicit and Recursive Formulas
a. Algebra Lab: Geometric Sequences
b. Riverside Unified School District: Writing Sequences Explicitly and Recursively
c. Teacher Web: Overview of Explicit and Recursive Formulas
d. Georgia Standards of Excellence Framework: Community Service, Sequences and Functions
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https://www.explorelearning.com/index.cfm?method=cResource.dspDetail&ResourceID
http://betterlesson.com/lesson/443694/stretching-exponential-functions-and-your-mind
http://pdfs.cpm.org/state_supplements/Exponential_Growth_Decay.pdf
http://alex.state.al.us/lesson_view.php?id=24092
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-5.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-5.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-II-Advanced-Algebra-Unit-5.pdf
http://www.algebralab.org/lessons/lesson.aspx?file=algebra_geoseq.xml
https://www.rusdlearns.net/msgreen/accelerated/cms_file/show/48379255.pptx?t=1445630560
http://teacherweb.com/WA/LakesHighSchool/KillenMs/Sequences.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Acc-Coordinate-Algebra-Analytic-Geometry-A-Unit-3.pdf
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Resources

Algebra 2 Course Content Resources from Other States
a. Henrico County Public Schools: Algebra 2 Resources
b. EngageNY: Algebra 2 Resources
c. Georgia Department of Education: 9 — 12 Resources
d. Regents Prep: Algebra 2 and Trig

Activity Resources
a. lllustrative Mathematics: Activities For All Levels
b. Robert Kaplinksy: Problem-Based Learning Activities

Graphing Calculator Resources
a. Desmos: Online Graphing Calculator with Many Pre-Made Activities
b. Texas Instruments: Texas Instruments Algebra 2 Graphing Calculator Activities
c. Wabbit: Online TI-84 Silver Edition Graphing Calculator Emulator

Interactive Resources
a. Emergent Math: Emergent Math
b. Explore Learning: Gizmo Online Simulations
c. Interactive Quizzes: Interactive Quizzes for High School Assessments

Practice Tests and Assessment Resources
a. California Department of Education: California Algebra Released Test Questions
b. Practice Tests from Virginia for All Levels of Math - http://education.jlab.org/solquiz/
c. Problem-Attic: Sample Problems
d. XL Math for Algebra 2 - XL Math for Algebra 2

Video Resources
a. HippoCampus: Videos for Algebra 2
b. LearnersTV: Videos for Algebra 2
c. Virtual Nerd: Videos for Algebra 2
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http://teachers.henrico.k12.va.us/math/hcpsalgebra2/
https://www.engageny.org/resource/high-school-algebra-ii
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.regentsprep.org/Regents/math/algtrig/math-algtrig.htm
https://www.illustrativemathematics.org/content-standards
http://robertkaplinsky.com/lessons/
https://www.desmos.com/
https://education.ti.com/en/84activitycentral/us/algebra-ii
https://wabbit.codeplex.com/
http://emergentmath.com/
http://www.explorelearning.com/index.cfm?method=cResource.dspStandardCorrelation&id=1109
http://www.iq.poquoson.org/math.htm
http://www.cde.ca.gov/ta/tg/sr/documents/rtqalg2.pdf
http://education.jlab.org/solquiz/
http://www.problem-attic.com/
https://www.ixl.com/math/algebra-2
http://www.hippocampus.org/HippoCampus/Algebra%20%26%20Geometry
http://www.learnerstv.com/Free-Maths-Video-lectures-ltv493-Page1.ht
http://www.virtualnerd.com/algebra-2/all
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Sample Formative Assessment Tasks/Questions

Engage New York: Algebra 1 Module 3 Lesson 22
Engage New York: Algebra 1 Module 3 Lesson 23
Engage New York: Algebra 1 Module 3 Lesson 3
Engage New York: Algebra 1 Module 3 Lesson 5
Illustrative Mathematics: Exponential Functions
Illustrative Mathematics: A Saturating Exponential
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https://www.engageny.org/resource/algebra-i-module-3-topic-d-lesson-22
https://www.engageny.org/resource/algebra-i-module-3-topic-d-lesson-23
https://www.engageny.org/resource/algebra-i-module-3-topic-lesson-3
https://www.engageny.org/resource/algebra-i-module-3-topic-lesson-5
https://www.illustrativemathematics.org/content-standards/HSF/LE/A/1/tasks/351
https://www.illustrativemathematics.org/content-standards/HSF/LE/B/5/tasks/569

South Carolina College- and Career-Ready Standards for Mathematics

High School Support Document
Geometry Coversheet
Return to High School Overview or High School Table of Contents.

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8
Points, Lines, Right Triangles
. . . Area and . _—
Planes, Angles, Triangles Quadrilaterals Similarity and . Circles Statistics
. Volume I B
and Proofs Trigonometry -
Standards Standards Standards Standards Standards Standards Standards Standards
G.GCO.1* G.GCI.3 G.GCO.6* G.GCO.2* G.GM.1* G.GCL.5* G.GCl.1 G.SPID.1*
G.GCO.8a* G.GCO.2* G.GCO.8* G.GCO.5* G.GM.2 G.GCO.1* G.GCl.2* G.SPID.2*
G.GCO.8b* G.GCO.3* G.GCO.9* G.GCO.9c* G.GSRT.4c* G.GCO.11* G.GCl.3 G.SPID.3*
G.GCO.8d* G.GCO.4* G.GCO.10a* G.GCO.11* G.GSRT.6* G.GGPE.7* G.GCl.4
G.GCO.11* G.GCO.5* G.GCO.10b* G.GM.1* G.GSRT.7 G.GGMD.1* G.GCO.1*
G.GGPE.4* G.GCO.6* G.GCO.10c* G.GM.2 G.GSRT.8* G.GGMD.2 G.GGPE.1*
G.GGPE.5* G.GCO.7* G.GCO.10d* G.GSRT.1 G.GGMD.3* G.GM.1*
G.GGPE.6 G.GCO.8c* G.GCO.10e* G.GSRT.2* G.GGMD.4* G.GM.2
G.GGPE.7* G.GCO.9a* G.GCO.11* G.GSRT.3* G.GM.1* G.GSRT.5*
G.GM.1* G.GCO.9b* G.GGPE.4* G.GSRT.4a* G.GM.2
G.GM.2 G.GCO.9d* G.GM.1* G.GSRT.4b*
G.GCO.11* G.GM.2 G.GSRT.5*
G.GM.1* G.GSRT.5*
G.GM.2
G.GSRT.5*
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Mathematical Process Standards: The South Carolina College- and Career-Ready (SCCCR) Mathematical Process Standards demonstrate the ways
in which students develop conceptual understanding of mathematical content and apply mathematical skills. As a result, the SCCCR Mathematical
Process Standards should be integrated within the SCCCR Content Standards for Mathematics for each grade level and course. Since the process
standards drive the pedagogical component of teaching and serve as the means by which students should demonstrate understanding of the
content standards, the process standards must be incorporated as an integral part of overall student expectations when assessing content

understanding.

1. Make sense of problems and persevere in solving them. 5. Use a variety of mathematical tools effectively and strategically.
a. Relate a problem to prior knowledge. a. Select and use appropriate tools when solving a mathematical problem.
b.  Recognize there may be multiple entry points to a problem and more than one b. Use technological tools and other external mathematical resources to explore and
path to a solution. deepen understanding of concepts.
c. Analyze what is given, what is not given, what is being asked, and what strategies
are needed, and make an initial attempt to solve a problem.
d. Evaluate the success of an approach to solve a problem and refine it if necessary.
2. Reason both contextually and abstractly. 6. Communicate mathematically and approach mathematical situations with precision.
a. Make sense of quantities and their relationships in mathematical and real-world a. Express numerical answers with the degree of precision appropriate for the
situations. context of a situation.
b. Describe a given situation using multiple mathematical representations. b. Represent numbers in an appropriate form according to the context of the
Translate among multiple mathematical representations and compare the situation.
meanings each representation conveys about the situation. c. Use appropriate and precise mathematical language.
d. Connect the meaning of mathematical operations to the context of a given d. Use appropriate units, scales, and labels.
situation.
3. Use critical thinking skills to justify mathematical reasoning and critique the reasoning of 7. Identify and utilize structure and patterns.

others.
a. Construct and justify a solution to a problem.
b. Compare and discuss the validity of various reasoning strategies.
c.  Make conjectures and explore their validity.
d. Reflect on and provide thoughtful responses to the reasoning of others.

a. Recognize complex mathematical objects as being composed of more than one
simple object.

b. Recognize mathematical repetition in order to make generalizations.

c. Look for structures to interpret meaning and develop solution strategies.

4. Connect mathematical ideas and real-world situations through modeling.
a. ldentify relevant quantities and develop a model to describe their relationships.
b. Interpret mathematical models in the context of the situation.
c. Make assumptions and estimates to simplify complicated situations.
d. Evaluate the reasonableness of a model and refine if necessary.
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Geometry Unit 1 Title

Points, Lines, Planes, Angles, and Proofs

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

G.GCO.1* Define angle, perpendicular line, parallel line, line segment, ray, circle, and skew in terms of the undefined notions of point, line,
and plane. Use geometric figures to represent and describe real-world objects.
G.GCO.8a* Prove, and apply in mathematical and real-world contexts, theorems about lines and angles, including the following: vertical
angles are congruent.
G.GCO.8b* Prove, and apply in mathematical and real-world contexts, theorems about lines and angles, including the following: when a
transversal crosses parallel lines, alternate interior angles are congruent, alternate exterior angles are congruent, and consecutive interior
angles are supplementary.

o Establish the Corresponding Angles Postulate first and use this postulate to prove the other theorems.
G.GCO.8d* Prove, and apply in mathematical and real-world contexts, theorems about lines and angles, including the following:
perpendicular lines form four right angles.
G.GCO.11* Construct geometric figures using a variety of tools, including a compass, a straightedge, dynamic geometry software, and paper
folding, and use these constructions to make conjectures about geometric relationships.
G.GGPE.4* Use coordinates to prove simple geometric theorems algebraically

o Relate point, line, and plane to Coordinate Geometry.
G.GGPE.5* Analyze slopes of lines to determine whether lines are parallel, perpendicular, or neither. Write the equation of a line passing
through a given point that is parallel or perpendicular to a given line. Solve geometric and real-world problems involving lines and slope.

G.GGPE.6 Given two points, find the point on the line segment between the two points that divides the segment into a given ratio.
axq+bx, ayi;+by,
a+tb ' a+b

o Todivide a segment into lengths that have a ratio of %, use the formula P = ( ) and relate this formula to the

midpoint formula.

G.GGPE.7* Use the distance and midpoint formulas to determine distance and midpoint in a coordinate plane, as well as areas of triangles
and rectangles, when given coordinates.

o Students should be able to explain how the distance formula relates to the Pythagorean Theorem.
G.GM.1* Use geometric shapes, their measures, and their properties to describe real-world objects.

o This standard is used throughout the course. Include shapes, measures, and properties applicable to this unit.
G.GM.2 Use geometry concepts and methods to model real-world situations and solve problems using a model.

o This standard is used throughout the course. Include concepts and methods applicable to this unit.
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New Academic Vocabulary for This Unit

e Alternate exterior angles
e Alternate interior angles
e Conjecture

e Consecutive interior angles
e Construction

e Postulate

e Proof

e Skew

e Theorem

e Transversal

e Vertical angles
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Prior Knowledge Required for this Unit

In earlier grades/courses, students have developed conceptual knowledge and have had the opportunity to learn how to:

e Students should know basic geometric terminology from elementary and middle school, such as point, line, plane, ray, segment, angle,
supplementary angles, complementary angles, parallel lines, and perpendicular lines.

e Students should know how to plot points on a coordinate plane (5.G.1).

e Students should know how to write linear equations given two points or given a point and the slope (8.F.4c).

e Students should know how to measure accurately using a ruler and a protractor (4.MDA.5).

e Students should have general application knowledge of parallel lines and transversal (8.GM.5c).
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Subsequent Knowledge Related to this Unit

e Foundational definitions will be extended and applied in subsequent units; for example, angle bisector and perpendicular bisectors will be
utilized in incenter and circumcenter of triangles (Geometry Unit 2: Triangles).

e Students will use the relationships involving lines and angles that are established in this unit when they explore relationships and prove
theorems that involve triangles, quadrilaterals, and other polygons in future units.

e Constructions and coordinate geometry are introduced here and are meant to be applied throughout the course in order for students to
make critical connections among geometric relationships synthetically (without coordinates) and analytically (with coordinates).

e Students will construct logical arguments and formal proofs of geometric relationships throughout the course as they develop their
deductive reasoning skills and understanding of more sophisticated theorems based on the simpler axioms introduced in Geometry Unit 1.
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Relationship Among Standards in this Unit

This unit includes all of the standards that involve the most basic geometric shapes. The standards focus on analyzing geometric relationships both
with and without coordinates that will carry through the rest of the course.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 1.

Logic, Reasoning, and Proof (G.GCO.8*; G.GM.1*; G.GM.2)

a. Euclidean Foundation
Khan Academy: Euclidean Geometry Beginnings
Math Open Reference: Euclid

b. Venn Diagram Reasoning
NCTM Illuminations: Venn Diagrams and Logic
Virtual Nerd: Venn Diagrams

c. Reasoning and Proof
Dictionary.Reference.Com: Syllogism
Khan Academy: Deductive Reasoning
Khan Academy: Proof by Contradiction (see problems 4 and 6)
Math Goodies: Conditional Statement and Truth Tables
Math Goodies: Extension: Conditional Statement
MathBitsNotebook: Indirect Proof (Proof by Contradiction) and More Proof By Contradiction
MathBitsNotebook: Types of Direct Proofs
Virtual Nerd: Conditional Statement and Converse, Inverse, and Contrapositive
Virtual Nerd: Inductive Reasoning
Virtual Nerd: Law of Detachment

Undefined Terms and Foundational Geometry Properties (G.GCO.1*; G.GCO.8*; G.GM.1*; G.GM.2)
a. Point, Line, Plane (Undefined Terms), and Collinear/Coplanar
Cliff Notes Math: Point, Line, Plane, and Collinear And Coplanar
Grade A Math Help: Undefined Terms and Key Concepts
Khan Academy: Drawing with 3D Plane Diagrams
Math Open Reference: Introduction to Plane Geometry
Math Open Reference: Point, Line, Collinear, and Coplanar applets
Math Open Reference: Point, Line, Plane, Collinear, and Coplanar
MathBitsNotebook: Point, Line, Plane, and Collinear And Coplanar
Virtual Nerd: Point and Plane
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https://www.khanacademy.org/math/geometry/intro_euclid/v/euclid-as-the-father-of-geometry
http://www.mathopenref.com/euclid.html
http://illuminations.nctm.org/Lesson.aspx?id=1444
http://www.virtualnerd.com/geometry/reasoning-proof/logic/venn-diagram-intersection-union-definitions
http://dictionary.reference.com/browse/syllogism
https://www.khanacademy.org/math/geometry/geometry-worked-examples/v/ca-geometry-deductive-reasoning
https://www.khanacademy.org/math/geometry/geometry-worked-examples/v/ca-geometry-proof-by-contradiction
http://www.mathgoodies.com/lessons/vol9/conditional.html
http://www.mathgoodies.com/lessons/vol9/disjunction.html
http://mathbitsnotebook.com/Geometry/BasicTerms/BTproofsIndirect.html
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTIndirectProof.html
http://mathbitsnotebook.com/Geometry/BasicTerms/BTproofs.html
http://www.virtualnerd.com/geometry/reasoning-proof/conditional-biconditional-statements/converse-inverse-contrapositive-truth-example
http://www.virtualnerd.com/geometry/reasoning-proof/inductive/inductive-definition
http://www.virtualnerd.com/geometry/reasoning-proof/deductive/law-detachment-example
http://www.cliffsnotes.com/math/geometry/fundamental-ideas/points-lines-and-planes
http://www.gradeamathhelp.com/undefined-terms-in-geometry.html
https://www.khanacademy.org/math/geometry/intro_euclid/v/specifying-planes-in-three-dimensions
http://www.mathopenref.com/planegeometry.html
http://www.mathopenref.com/common/appletframe.html?applet=point&wid=600&ht=300
http://www.mathopenref.com/line.html
http://www.mathopenref.com/common/appletframe.html?applet=collinear&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=coplanar&wid=600&ht=350
http://www.mathopenref.com/point.html
http://www.mathopenref.com/line.html
http://www.mathopenref.com/plane.html
http://www.mathopenref.com/collinear.html
http://www.mathopenref.com/coplanar.html
http://mathbitsnotebook.com/Geometry/BasicTerms/BTundefined.html
http://www.virtualnerd.com/geometry/fundamentals/points-lines-planes/point-definition
http://www.virtualnerd.com/geometry/fundamentals/points-lines-planes/plane-definition
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b. Definitions: Segments, Midpoints, Rays, Angles, Angle Bisector, and Perpendicular Bisector
Cliffs Notes Math: Midpoints and Rays (Including Ruler Postulate and Segment Addition) and Angles (Including Adjacent and Angle Addition)
Grade A Math Help: Segments, Rays, and Angles
Khan Academy: Lines, Segments, Rays and Angles
Math Open Reference: Segment, Midpoint, Segment Bisector, Intersecting Lines, Ray, Opposite Rays, Angles, Angle Interior, and Angle
Bisector
MathBitsNotebook: Explanations of Definition Concept
MathBitsNotebook: Segment, Midpoint, Intersecting Lines, Segment Bisector, Ray, Opposite Rays, Angle , Angle Interior, and Angle Bisector
applets
Virtual Nerd: Segment, Ray, Angle, and Perpendicular Bisector
c. Symbols: Points, Lines, Segments, Rays, and Angles
Khan Academy: Basic Language and Symbols
MathBitsnotebook: Key Symbols
d. Foundational Postulates
Cliff Notes Math: Postulates
EngageNY: Review of Geometry Assumptions
MathBitsNotebook: Postulates and Auxiliary Lines
e. Measuring Segments And Angles
Grade A Math Help: Measuring Angles
Khan Academy: Measuring Angles
MathBitsNotebook: Angle Measures and Classifications
MathBitsNotebook: Notation of Measurements and Congruence
MathBitsNotebook: Notes Include Segment Length and Ruler Postulate
Math Open Reference: Congruence, Congruent Segments, and Congruent Angles
Math Open Reference: Congruent Segments and Congruent Angles applets
Virtual Nerd: What Does Congruence Mean?
Virtual Nerd: What Does Degree Represent? and Acute, Right, Obtuse And Right Angles
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http://www.cliffsnotes.com/math/geometry/fundamental-ideas/segments-midpoints-and-rays
http://www.cliffsnotes.com/math/geometry/fundamental-ideas/angles-and-angle-pairs
http://www.gradeamathhelp.com/geometry-vocabulary.html
https://www.khanacademy.org/math/geometry/intro_euclid/v/lines-line-segments-and-rays
https://www.khanacademy.org/math/geometry/parallel-and-perpendicular-lines/Angle_basics/v/angle-basics
http://www.mathopenref.com/linesegment.html
http://www.mathopenref.com/midpoint.html
http://www.mathopenref.com/bisectorline.html
http://www.mathopenref.com/intersection.html
http://www.mathopenref.com/ray.html
http://www.mathopenref.com/oppositerays.html
http://www.mathopenref.com/oppositerays.html
http://www.mathopenref.com/angle.html
http://www.mathopenref.com/angleinterior.html
http://www.mathopenref.com/bisectorangle.html
http://www.mathopenref.com/bisectorangle.html
http://mathbitsnotebook.com/Geometry/BasicTerms/BTprecision.html
http://www.mathopenref.com/common/appletframe.html?applet=linesegment&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=midpoint&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=intersection&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=linebisector&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=ray&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=raysopposite&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=angleacute&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=angleinterior&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=bisectorangle&wid=600&ht=300
http://www.virtualnerd.com/geometry/fundamentals/measuring-segments/line-segment-definition
http://www.virtualnerd.com/geometry/fundamentals/measuring-angles/ray-definition
http://www.virtualnerd.com/geometry/fundamentals/measuring-angles/angle-definition
http://www.virtualnerd.com/geometry/triangle-relationships/perpendicular-angle-bisectors/perpendicular-bisector-definition
https://www.khanacademy.org/math/geometry/intro_euclid/v/language-and-notation-of-basic-geometry
http://mathbitsnotebook.com/Geometry/BasicTerms/BTnotation2.html
http://www.cliffsnotes.com/math/geometry/fundamental-ideas/postulates-and-theorems
http://www.cliffsnotes.com/math/geometry/fundamental-ideas/postulates-and-theorems
https://www.engageny.org/resource/geometry-module-1-topic-g-lesson-33
http://mathbitsnotebook.com/Geometry/BasicTerms/BTauxiliary.html
http://www.gradeamathhelp.com/how-to-measure-angles.html
https://www.khanacademy.org/math/geometry/parallel-and-perpendicular-lines/Angle_basics/v/measuring-angles-in-degrees
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATAngleTypes.html
http://mathbitsnotebook.com/Geometry/BasicTerms/BTnotation.html
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATSegments.html
http://www.mathopenref.com/congruent.html
http://www.mathopenref.com/congruentlines.html
http://www.mathopenref.com/congruentangles.html
http://www.mathopenref.com/common/appletframe.html?applet=congruentlines&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=congruentangles&wid=600&ht=300
http://www.virtualnerd.com/geometry/fundamentals/measuring-segments/congruent-definition
http://www.virtualnerd.com/geometry/fundamentals/measuring-segments/congruent-definition
http://www.virtualnerd.com/geometry/fundamentals/measuring-angles/definition-degree
http://www.virtualnerd.com/geometry/fundamentals/measuring-angles/definition-degree
http://www.virtualnerd.com/geometry/fundamentals/measuring-angles/acute-obtuse-right-straight-angle-definition
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Segment Relationships (G.GCO.8*; G.GM.1*; G.GM.2)

a. Segment Addition Postulate
Cliffs Notes Math: Notes in Ruler and Segment Addition Postulates
Khan Academy: Segment Addition Postulate Example
MathBitsNotebook: Notes Include Segment Addition Postulate and Segment Bisector

b. Segment Bisector
Khan Academy: Midpoint Example
Math Open Reference: Midpoint, Segment Bisector, and Perpendicular Bisector
Math Open Reference: Midpoint, Segment Bisector, and Perpendicular Bisector applets
MathBitsNotebook: Practice With Segment Lengths (Including Segment Addition And Midpoint)

Angle Relationships (G.GC0.8*; G.GCO.8a*; G.GCO.8d*; G.GM.1*; G.GM.2)

a. Right Angle and Perpendicular Lines
Cliffs Notes Math: Intersecting, Parallel, and Perpendicular Lines
Math Open Reference: Perpendicular Lines and Right Angles
Math Open Reference: Perpendicular Lines and Right Angles Applet
Mathbitsnotebook: Perpendicular Lines and Related Theorems
Mathbitsnotebook: Practice with Right Angles
Virtual Nerd: Parallel and Perpendicular Lines Application
Virtual Nerd: Perpendicular Lines Have Four Right Angles — Explanation

b. Complementary and Supplementary Angles
Cliffs Notes Math: Notes Include Complementary and Supplementary Angles
Math Open Reference: Complementary and Supplementary Angles
Math Open Reference: Complementary and Supplementary Angles applets
MathBitsNotebook: Notes Include Complementary and Supplementary Angles
Virtual Nerd: Complementary Angles and Supplementary Angles

c. Adjacent Angles and Angle Addition Postulate
Cliffs Notes Math: Notes Include Angle Addition and Angle Bisector
Khan Academy: Angle Addition Postulate Example
Math Open Reference: Adjacent Angles
Virtual Nerd: Angle Addition Postulate Example
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http://www.cliffsnotes.com/math/geometry/fundamental-ideas/segments-midpoints-and-rays
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-geometry/line-segment-algebra/v/segment-addition
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATSegments.html
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-geometry/line-segment-algebra/v/midpoint-of-a-segment
http://www.mathopenref.com/midpoint.html
http://www.mathopenref.com/bisectorline.html
http://www.mathopenref.com/bisectorperpendicular.html
http://www.mathopenref.com/common/appletframe.html?applet=midpoint&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=linebisector&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=bisectorperpendicular&wid=600&ht=300
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATSegmentsPractice.html
http://www.cliffsnotes.com/math/geometry/fundamental-ideas/lines-intersecting-perpendicular-parallel
http://www.mathopenref.com/perpendicular.html
http://www.mathopenref.com/common/appletframe.html?applet=perpendicular&wid=600&ht=300
http://mathbitsnotebook.com/Geometry/ParallelPerp/PPperp.html
http://mathbitsnotebook.com/Geometry/ParallelPerp/PPperpendicularPractice.html
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/lines/prove-relationship-between-lines
http://www.virtualnerd.com/geometry/fundamentals/angle-pair-relationships/perpendicular-lines-definition
http://www.cliffsnotes.com/math/geometry/fundamental-ideas/special-angles
http://www.mathopenref.com/anglecomplementary.html
http://www.mathopenref.com/anglesupplementary.html
http://www.mathopenref.com/common/appletframe.html?applet=anglescomplementary&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=anglessupplementary&wid=600&ht=300
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATAnglePairs.html
http://www.virtualnerd.com/geometry/fundamentals/angle-pair-relationships/complementary-angles-definition
http://www.virtualnerd.com/geometry/fundamentals/angle-pair-relationships/supplementary-angles-definition
http://www.cliffsnotes.com/math/geometry/fundamental-ideas/angles-and-angle-pairs
https://www.khanacademy.org/math/geometry/parallel-and-perpendicular-lines/complementary-supplementary-angl/e/angle_addition_postulate
http://www.mathopenref.com/anglesadjacent.html
http://www.virtualnerd.com/geometry/fundamentals/measuring-angles/adjacent-angles-example
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d. Angle Bisector
Math Open Reference: Angle Bisector applet
d. Linear Pairs with Linear Pair Postulate and Vertical Angles With Vertical Angle Theorem
Cliffs Notes Math - Notes Include Vertical Angles
Khan Academy: Linear Pair And Vertical Angles
Math Open Reference: Linear Pair and Vertical Angles
Math Open Reference: Linear Pair and Vertical Angles applets
MathBitsNotebook - Pair Types Of Angles (Including Linear Pair) and Vertical Angles
MathBitsNotebook: Practice With Angle Measures
Virtual Nerd: Vertical Angles
e. Proofs with Segments and Angles (G.GCO.8%*)
EngageNY: Angle Proof Applications
MathBitsNotebook: Proofs With Segments and Angles

Parallel Lines and Transversals (G.GCO.8*; G.GC0.8a*; G.GM.1*; G.GM.2)

a. Parallel Concepts
MathBitsNotebook: Parallel Postulate (Euclid’s 5th Postulate) and Parallel, Perpendicular and Transversal Lines
Virtual Nerd: Parallel Lines and Skew Lines

b. Corresponding Angles Postulate
Grade A Math Help: Parallel Lines and Transversal Notes
Math Open Reference: Corresponding Angles (Two Parallel Lines and a Transversal)
Math Open Reference: Corresponding Angles (Two Parallel Lines and a Transversal) applet
Virtual Nerd: Corresponding Angle Postulate and Converse of Corresponding Angle Postulate

c. Parallel Lines and Transversal Theorems
EngageNY: Angle Proof With Parallel Lines and Transversal Applications
EngageNY: Review Of Corresponding Angles With Parallel Lines and Transversal
Khan Academy: Parallel Lines and Transversal Explanations and Unique Parallel and Perpendicular Lines Example
MathBitsNotebook: Angle Pair With Two Parallel Lines and Transversal Identifying Angle Pairs and Notes
Virtual Nerd: Finding Angle Measure Within Parallel Lines and Transversal Example

Coordinate Plane Geometry (G.GGPE.4*; G.GGPE.5*; G.GGPE.6; G.GGPE.7*)
a. Point-Line-Plane Coordinate Geometry
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http://www.cliffsnotes.com/math/geometry/fundamental-ideas/special-angles
https://www.khanacademy.org/math/geometry/parallel-and-perpendicular-lines/Angle_basics/v/vertical-adjacent-and-linearly-paired-angles
http://www.mathopenref.com/linearpair.html
http://www.mathopenref.com/anglesvertical.html
http://www.mathopenref.com/common/appletframe.html?applet=linearpair&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=anglesvertical&wid=600&ht=300
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATAnglePairs.html
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATVerticalAngles.html
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATAnglePractice.html
http://www.virtualnerd.com/tutorials/?id=PreAlg_09_02_0015
https://www.engageny.org/resource/geometry-module-1-topic-b-lesson-6
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATProofPractice.html
http://mathbitsnotebook.com/Geometry/ParallelPerp/PPparallelPostulate.html
http://mathbitsnotebook.com/Geometry/ParallelPerp/PPdefinitions.html
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/parallel-transversals/parallel-lines-definition
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/parallel-transversals/skew-lines-definition
http://www.gradeamathhelp.com/parallel-lines.html
http://www.mathopenref.com/anglescorresponding.html
http://www.mathopenref.com/common/appletframe.html?applet=anglescorresponding&wid=600&ht=300
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/parallel-transversals/definition-corresponding-angles-postulate
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/proving-parallel/converse-corresponding-angles-postulate
https://www.engageny.org/resource/geometry-module-1-topic-b-lesson-7
https://www.engageny.org/resource/grade-8-mathematics-module-2-topic-c-lesson-12
https://www.khanacademy.org/math/geometry/parallel-and-perpendicular-lines/ang_intro/v/angles-formed-by-parallel-lines-and-transversals
https://www.khanacademy.org/math/geometry/parallel-and-perpendicular-lines/ang_intro/v/identifying-parallel-and-perpendicular-lines
http://mathbitsnotebook.com/Geometry/ParallelPerp/PPRefresherAnglePractice.html
http://mathbitsnotebook.com/Geometry/ParallelPerp/PPangles.html
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/parallel-transversals/transversal-diagram-missing-angles
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Cliffs Notes Math: General Coordinate Information

Math Open Reference: Coordinate Plane

Math Open Reference: Coordinate Plane applet

Math Open Reference: Introduction Coordinate Plane

Math Open Reference: Points On Coordinate Plane

Math Open Reference: Points On Coordinate Plane applet

Virtual Nerd: Endpoints Of A Segment On Coordinate Plane
b. Midpoint, Slope and Distance Formulas

Cliffs Notes Math: Midpoint With Equal Distance Shown and Distance Formula

EngageNY: Using Distance Formula to Find Perimeter And Area (extension in Unit 1; see again in Unit 6)

Khan Academy: Midpoint and Distance formulas examples

Math Open Reference: Midpoint and Distance Formula

Math Open Reference: Midpoint and Distance formulas applets

Virtual Nerd: Midpoint Explanation, Midpoint Example, Distance Formula Explanation, and Distance Formula Example
c. Divide a Segment into Lengths that have a Ratio of%

Khan Academy: Ratio of Distances on a Segment, and Find Point with Given Ratio Lengths
d. Parallel and Perpendicular Lines
Cliffs Notes Math: Slope and Slope of Line review; Parallel and Perpendicular Segments
EngageNY: Parallel And Perpendicular Lines Varied Applications
Khan Academy: Introduction To Parallel And Perpendicular Lines, and Verifying Two Lines Are Parallel, Perpendicular, Or Neither

Math Open Reference: Point-Slope Form applet
Math Open Reference: Point-Slope Form review
Virtual Nerd: Point-Slope Form review, and Writing Equations Of Lines Parallel or Perpendicular

Constructions (G.GCO.11*; G.GM.1*; G.GM.2)
MathBitsNotebook: Basic Construction Information
Math Open Reference: Euclid And Constructions
a. Segment Congruence
EngageNY: Equilateral Triangle Construction
Math Open Reference: Constructing A Segment Into Congruent Parts extension
Math Open Reference: Constructing Congruent Segments and extension: Construct Equilateral Triangle
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http://www.cliffsnotes.com/math/geometry/coordinate-geometry/points-and-coordinates
http://www.mathopenref.com/coordplane.html
http://www.mathopenref.com/common/appletframe.html?applet=coordinateplane&wid=600&ht=350
http://www.mathopenref.com/coordintro.html
http://www.mathopenref.com/coordpoint.html
http://www.mathopenref.com/common/appletframe.html?applet=coordinateplane&wid=600&ht=350
http://www.mathopenref.com/common/appletframe.html?applet=coordinateplane&wid=600&ht=350
http://www.virtualnerd.com/geometry/fundamentals/measuring-segments/line-segment-end-points-definition
http://www.cliffsnotes.com/math/geometry/coordinate-geometry/midpoint-formula
http://www.cliffsnotes.com/math/geometry/coordinate-geometry/distance-formula
http://www.cliffsnotes.com/math/geometry/coordinate-geometry/distance-formula
https://www.engageny.org/resource/geometry-module-4-topic-c-lesson-10
https://www.khanacademy.org/math/geometry/analytic-geometry-topic/cc-distances-between-points/v/midpoint-formula
https://www.khanacademy.org/math/geometry/analytic-geometry-topic/cc-distances-between-points/v/distance-formula
http://www.mathopenref.com/coordmidpoint.html
http://www.mathopenref.com/coorddist.html
http://www.mathopenref.com/common/appletframe.html?applet=coordmidpoint&wid=600&ht=350
http://www.mathopenref.com/common/appletframe.html?applet=coorddist&wid=600&ht=350
http://www.virtualnerd.com/tutorials/?id=Alg1_10_2_13
http://www.virtualnerd.com/tutorials/?id=Alg1_10_1_15
http://www.virtualnerd.com/tutorials/?id=Alg1_13_04_0001
http://www.virtualnerd.com/tutorials/?id=Alg1_13_01_0001
https://www.khanacademy.org/math/geometry/analytic-geometry-topic/cc-distances-between-points/v/ratios-of-distances-between-colinear-points
https://www.khanacademy.org/math/geometry/analytic-geometry-topic/cc-distances-between-points/v/finding-a-point-part-way-between-two-points
http://www.cliffsnotes.com/math/geometry/coordinate-geometry/slope-of-a-line
http://www.cliffsnotes.com/math/geometry/coordinate-geometry/slope-of-a-line
http://www.cliffsnotes.com/math/geometry/coordinate-geometry/slopes-parallel-and-perpendicular-lines
https://www.engageny.org/resource/geometry-module-4-topic-b-lesson-8
https://www.khanacademy.org/math/geometry/analytic-geometry-topic/parallel-and-perpendicular/v/parallel-and-perpendicular-lines-intro
https://www.khanacademy.org/math/geometry/analytic-geometry-topic/parallel-and-perpendicular/v/equations-of-parallel-and-perpendicular-lines
http://www.mathopenref.com/common/appletframe.html?applet=coordequationps&wid=600&ht=350
http://www.mathopenref.com/coordequationps.html
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/coordinate-plane/point-slope-line-direct-example
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/coordinate-plane/slope-intercept-from-point-and-parallel-line
http://www.virtualnerd.com/geometry/parallel-perpendicular-lines/coordinate-plane/slope-intercept-from-point-and-perpendicular-line
http://mathbitsnotebook.com/Geometry/Constructions/CCinfo.html
http://www.mathopenref.com/constructions.html
https://www.engageny.org/resource/geometry-module-1-topic-lesson-2
http://www.mathopenref.com/constdividesegment.html
http://www.mathopenref.com/constdividesegment.html
http://www.mathopenref.com/constcopysegment.html
http://www.mathopenref.com/common/constappletframe.html?applet=constequilateral&wid=600&ht=400
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Math Open Reference: Constructing Congruent Segments applet
Math Open Reference: Constructing Congruent Triangles (SSS Congruence)
Math Open Reference: Constructing Congruent Triangles applet
Math Open Reference: Construction A Segment Into Congruent Parts applet
MathBitsNotebook: Constructing Congruent Segments (Plus Congruent Angles) and Constructing Equilateral Triangle
b. Segment Bisector and Perpendicular Lines
EngageNY: Segment Bisector Construction
Math Open Reference: Construct Segment Bisector; Constructing A Line Perpendicular To Another Line (Point On) and (Point Off) applet
Math Open Reference: Constructing a 90-Degree Angle applet
Math Open Reference: Constructing a 90-Degree Angle Extension
Math Open Reference: Constructing Segment Bisector; Constructing A Line Perpendicular To Another Line (Point On) and (Point Off)
MathBitsNotebook: Constructing Segment Bisector (Plus Angle Bisector) and Constructing Perpendicular Lines
Virtual Nerd: Perpendicular Bisector
c. Angle Congruence and Line Parallel to Another (Corresponding Angle-Transversal Method)
MathBitsNotebook: Constructing Congruent Angles (Plus Previous Congruent Segments) And Construction Similar Triangles
Math Open Reference: Constructing Congruent Angles and Constructing A Line Parallel To Another Line (Congruent Angle Method)
Math Open Reference: Constructing Congruent Angles and Constructing A Line A Parallel To Another Line (Corresponding Angle-Transversal
Method) applet
Math Open Reference: Angle Addition (Using Congruent Angles) extension
Math Open Reference: Angle Addition (Using Congruent Angles) applet extension
d. Angle Bisector
MathBitsNotebook: Constructing Angle Bisector (Plus Previous Segment Bisector)
Math Open Reference: Constructing An Angle Bisector
Math Open Reference: Constructing An Angle Bisector applet
EngageNY: Angle Constructions
Math Open Reference: Constructing A 30-Degree Angle and Constructing A 45-Degree Angle extensions
Math Open Reference: Constructing A 30-Degree Angle and Constructing A 45-Degree Angle extensions
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http://www.mathopenref.com/common/constappletframe.html?applet=constcopysegment&wid=600&ht=400
http://www.mathopenref.com/consttrianglesss.html
http://www.mathopenref.com/common/constappletframe.html?applet=consttrianglesss&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=constdividesegment&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=constdividesegment&wid=600&ht=400
http://mathbitsnotebook.com/Geometry/Constructions/CCconstruction1.html
http://mathbitsnotebook.com/Geometry/Constructions/CCconstructionEqui.html
https://www.engageny.org/resource/geometry-module-1-topic-lesson-4
http://www.mathopenref.com/common/constappletframe.html?applet=constbisectline&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=constperplinepoint&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=constperpextpoint&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=constangle90&wid=600&ht=400
http://www.mathopenref.com/constangle90.html
http://www.mathopenref.com/constbisectline.html
http://www.mathopenref.com/constperplinepoint.html
http://www.mathopenref.com/constperpextpoint.html
http://mathbitsnotebook.com/Geometry/Constructions/CCconstruction2.html
http://mathbitsnotebook.com/Geometry/Constructions/CCconstruction4.html
http://www.virtualnerd.com/geometry/triangle-relationships/perpendicular-angle-bisectors/construct-perpendicular-bisector-example
http://mathbitsnotebook.com/Geometry/Constructions/CCconstruction1.html
http://mathbitsnotebook.com/Geometry/Constructions/CCconstructionSimilar.html
http://www.mathopenref.com/constcopyangle.html
http://www.mathopenref.com/constparallel.html
http://www.mathopenref.com/common/constappletframe.html?applet=constcopyangle&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=constparallel&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=constparallel&wid=600&ht=400
http://www.mathopenref.com/constaddangles.html
http://www.mathopenref.com/common/constappletframe.html?applet=constaddangles&wid=600&ht=400
http://mathbitsnotebook.com/Geometry/Constructions/CCconstruction2.html
http://www.mathopenref.com/constbisectangle.html
http://www.mathopenref.com/common/constappletframe.html?applet=constbisectangle&wid=600&ht=400
https://www.engageny.org/resource/geometry-module-1-topic-lesson-3
http://www.mathopenref.com/constangle30.html
http://www.mathopenref.com/constangle45.html
http://www.mathopenref.com/common/constappletframe.html?applet=constangle30&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=constangle45&wid=600&ht=400
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Resources

e Cliff Notes Math: Geometry

e Emergent Math: Emergent Math

e EngageNY: Geometry

e Grade A Math Help: Geometry

e Grade A Math Help: Geometry Resources

e llluminations: Grades 9 - 12 Resources

e Khan Academy: Geometry

e Math Education Page: Geometry Book of Labs

e Math Education Page: Sum of the Angles in a Triangle
e Math Goodies: Math Goodies

e Math Open Reference: Geometry Resources

e MathBitsNotebook: Geometry Online Study Resources

e Patty Paper — Patty Paper Geometry by Michael Serra; resource of activities and discovery lessons utilizing (patty paper can be purchased, or

possibly donated from your local butcher or grocer’s meat department)
e Virtual Nerd: Geometry Skills Videos
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http://www.cliffsnotes.com/math/geometry
http://emergentmath.com/
https://www.engageny.org/resource/high-school-geometry
http://www.gradeamathhelp.com/free-geometry-help.html
http://www.gradeamathhelp.com/free-geometry-worksheets.html
http://illuminations.nctm.org/Search.aspx?view=search&type=ls&gr=9-12
https://www.khanacademy.org/math/geometry
http://www.mathedpage.org/geometry-labs/index.html
http://www.mathedpage.org/constructions/sum/index.html
http://www.mathgoodies.com/
http://www.mathopenref.com/index.html
http://mathbitsnotebook.com/Geometry/Geometry.html
http://www.virtualnerd.com/geometry/all
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Sample Formative Assessment Tasks/Questions

Undefined Terms and other foundational properties (G.GCO.1*; G.GCO.8*; G.GM.1*; G.GM.2)
a. Khan Academy: Point, Line, Plane, and Other Terms

Axiom System Review
a. EngageNY: Review of Assumptions

a. Inside Mathematics: Performance Assessment Tasks
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https://www.khanacademy.org/math/geometry/intro_euclid/e/points_lines_and_planes
https://www.engageny.org/resource/geometry-module-1-topic-g-lesson-33
http://www.insidemathematics.org/performance-assessment-tasks
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Geometry Unit 2 Title

Triangles
Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

G.GCl.3 Construct the inscribed and circumscribed circles of a triangle using a variety of tools, including a compass, a straightedge, and
dynamic geometry software, and prove properties of angles for a quadrilateral inscribed in a circle.

G.GCO.2* Represent translations, reflections, rotations, and dilations of objects in the plane by using paper folding, sketches, coordinates,
function notation, and dynamic geometry software, and use various representations to help understand the effects of simple
transformations and their compositions.

o Omit dilations which will be used in Unit 4 Similarity.

G.GCO.3* Describe rotations and reflections that carry a regular polygon onto itself and identify types of symmetry of polygons, including
line, point, rotational, and self-congruence, and use symmetry to analyze mathematical situations.

G.GCO.4* Develop definitions of rotations, reflections, and translations in terms of angles, circles, perpendicular lines, parallel lines, and line
segments.

o Now that formal axiom process has been established in Unit 1, these basic transformation can be re-investigated under necessary
descriptions. For example, in a reflection, a line segment that joins a point to its image is perpendicular to the line of reflection and
the line of reflection will pass through the midpoint of the segment joining the point to its image. OR the line of reflection is the
perpendicular-bisector of the segment connect each pre-image to image points.

G.GCO.5* Predict and describe the results of transformations on a given figure using geometric terminology from the definitions of the
transformations, and describe a sequence of transformations that maps a figure onto its image.

G.GCO.6* Demonstrate that triangles and quadrilaterals are congruent by identifying a combination of translations, rotations, and
reflections G.GCl.3 - Construct the inscribed and circumscribed circles of a triangle using a variety of tools, including a compass, a
straightedge, and dynamic geometry software, and prove properties of angles for a quadrilateral inscribed in a circle. in various
representations that move one figure onto the other.

G.GCO.7* Prove two triangles are congruent by applying the Side-Angle-Side, Angle-Side-Angle, Angle-Angle-Side, and Hypotenuse-Leg
congruence conditions.

o Include the Side-Side-Side congruence condition.

G.GSRT.5* Use congruence and similarity criteria for triangles to solve problems and to prove relationships in geometric figures.

o Congruence criteria only in this unit. Similarity criteria will be used in Unit 4 Similarity.

G.GCO.8* Prove, and apply in mathematical and real-world contexts, theorems about lines and angles.
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o This overarching standard is used to verify many essential properties, such as Angle-Bisector Theorem - any point that in the interior
of an angle that is equidistant from the sides of the angle must be on the angle’s bisector.

e G.GCO.8c* Prove, and apply in mathematical and real-world contexts, theorems about lines and angles, including the following: any point on
a perpendicular bisector of a line segment is equidistant from the endpoints of the segment.
e G.GCO.9 Prove, and apply in mathematical and real-world contexts, theorems about the relationships within and among triangles.

o This overarching standard is applied throughout the Geometry course as the axiom system continuous to validate itself with prior
knowledge. For example, verifying that an exterior angle of a triangle is equal to the sum of its non-adjacent (remote) interior
angles.

e G.GCO.9a* Prove, and apply in mathematical and real-world contexts, theorems about the relationships within and among triangles,
including the following: measures of interior angles of a triangle sum to 180°.

e G.GCO.9b* Prove, and apply in mathematical and real-world contexts, theorems about the relationships within and among triangles,
including the following: base angles of isosceles triangles are congruent.

e G.GCO.9c* Prove, and apply in mathematical and real-world contexts, theorems about the relationships within and among triangles,
including the following: the segment joining midpoints of two side of a triangle is parallel to the third side and half the length.

o Prove and use the Midsegment Theorem of a triangle

e G.GCO.9d* Prove, and apply in mathematical and real-world contexts, theorems about the relationships within and among triangles,
including the following: the medians of a triangle meet at a point.

o Include the perpendicular bisectors of a triangle meet at a point.

e G.GCO.11* Construct geometric figures using a variety of tools, including a compass, a straightedge, dynamic geometry software, and paper
folding, and use these constructions to make conjectures about geometric relationships.

o Omit proving properties of angles for a quadrilateral inscribed in a circle, as this will be explored in Unit 7 Circles.

e G.GM.1* Use geometric shapes, their measures, and their properties to describe real-world objects.
o This standard is used throughout the course. Include shapes, measures, and properties applicable to this unit.
e G.GM.2 Use geometry concepts and methods to model real-world situations and solve problems using a model.

o This standard is used throughout the course. Include concepts and methods applicable to this unit.

e G.GSRT.5* Use congruence and similarity criteria for triangles to solve problems and to prove relationships in geometry figures.

o Much of the Geometry course depends on triangle congruence to verify later properties, such as seen in G.GCO.9b* with the
Isosceles Triangle Base Angle Theorem, and also in application to verify other congruences such as applied with corresponding parts
of congruent triangles are congruent.
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New Academic Vocabulary for This Unit

Bisect, Bisector
Circumscribe
Concurrent
Congruent

Inscribe

Median of a Triangle
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Prior Knowledge Required for this Unit

In earlier grades/courses/units, students have developed conceptual knowledge and have had the opportunity to learn how to:

e Students should be able to classify triangles (7.GM.2).
e Students should know and be able to apply relationships of alternate interior angles between parallel lines from previous unit, and build
upon their Grade 8 experience with triangle sum and angle relationships (8.GM.5a; 8.GM.5b; G.GCO.8b*).

e Students should know that translations, rotations, and reflections are rigid transformations that preserve length and angle measures, and
understand how it relates to congruency (8.GM.1b, c, and d).
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Subsequent Knowledge Related to this Unit

e Students will use properties of triangles and congruence of triangles to prove other geometric relationships later in the course; for example,
the diagonals of rectangle ABCD can be proven congruent by showing that AACD = ABDC.

e Transformations are applicable to algebraic concepts of function families and their graphs that students encounter in Algebra 2 and Pre-
Calculus courses.
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Relationship Among Standards in this Unit

In this unit, students will explore the common characteristics of all triangles, discover ways to prove that two triangles are congruent, and then use
these congruence relationships to prove properties of isosceles and equilateral triangles.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 2.

Triangle Angle Sum and Exterior Angle Theorems (G.GC0.9; G.GC0.9a%*)
Cliffs Notes Math: Exterior Angle Theorem
EngageNY: Interior And Exterior Angles Of A Triangle
Extension: Geometry Book of Labs - Section 1 - Complete Lab 1.4 To Review Triangle Sum As The Base Of Polygon Angle Sum
Geometry Book of Labs: Section 1; Complete Lab 1.5 Angles in a Triangle to Explore Classification and Interior Angles
Geometry Book of Labs: Section 1; Complete Lab 1.6 Exterior Angle Theorem
Khan Academy: Triangle Angle Sum Theorem Verification with Examples 1, 2, 3, and Challenging 4
Math Education Page: Triangle Sum Theorem applet
MathBitsNotebook: Exterior Angle Theorem with Verification-Proof
MathBitsNotebook: Triangle Angle Sum Theorem with Many Varied Verification-Proofs
Virtual Nerd: Triangle Angle Sum Theorem and Extension with Equilateral Triangle Angles Are 60-Degrees Each
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http://www.cliffsnotes.com/math/geometry/triangles/exterior-angle-of-a-triangle
https://www.engageny.org/resource/geometry-module-1-topic-b-lesson-8
http://www.mathedpage.org/geometry-labs/gl/gl-1.pdf
http://www.mathedpage.org/geometry-labs/gl/gl-1.pdf
http://www.mathedpage.org/geometry-labs/gl/gl-1.pdf
http://www.mathedpage.org/geometry-labs/gl/gl-1.pdf
http://www.mathedpage.org/geometry-labs/gl/gl-1.pdf
http://www.mathedpage.org/geometry-labs/gl/gl-1.pdf
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-geometry/cc-8th-triangle-angles/v/proof-sum-of-measures-of-angles-in-a-triangle-are-180
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-geometry/cc-8th-triangle-angles/v/triangle-angle-example-1
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-geometry/cc-8th-triangle-angles/v/triangle-angle-example-2
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-geometry/cc-8th-triangle-angles/v/triangle-angle-example-3
https://www.khanacademy.org/math/cc-eighth-grade-math/cc-8th-geometry/cc-8th-triangle-angles/v/challenging-triangle-angle-problem
http://www.mathedpage.org/constructions/sum/index.html
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATExteriorAngle.html
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATSumAnglesTriangle.html
http://www.virtualnerd.com/pre-algebra/geometry/triangles/define-triangles/triangle-sum-theorem-definition
http://www.virtualnerd.com/pre-algebra/geometry/triangles/define-triangles/equilateral-triangle-angles-definition
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Congruency and Triangle Congruence (G.GCO.7%)

a. Congruence Concept
Cliffs Notes Math: Triangle Congruence Summary Of Notes
Math Open Reference - Congruence Concept, SSS Postulate, SAS Postulate, ASA Postulate, AAS Theorem, and HL Theorem
Math Open Reference: Congruence Concept, SSS Postulate, SAS Postulate, ASA Postulate, AAS Theorem, and HL Theorem applets
Math Open Reference: Why These Concepts Do Not Work For Congruence? SSA (ASS) attempt and AAA attempt
Math Open Reference: Why These Concepts Do Not Work For Congruence? SSA (ASS) attempt and AAA attempt applet
MathBitsNotebook: Concept of Congruence, and Triangle Congruence Properties

b. Congruence Theorems, Applications, and Proof
NOTE: Review EngageNY rigid motions (attached in Transformations and Congruence section) for possible SAS, ASA, SSS, AAS, and HL
introduction.
EngageNY: Triangle Congruence Proofs-1 and Triangle Congruence Proofs-2
Khan Academy: Discussion Video on More On SSA Failure with Establishment Of Special Exception Of Hypotenuse-Leg
Khan Academy: Discussion Videos on SSS Postulate and SAS And ASA Postulates (Includes AAA And SSA Congruence Failures)
Khan Academy: Manipulating AAA Triangles And Demonstrating Failed Congruency applet
Khan Academy: Outline of a Specific Two-Column Proof (Note: “Reasons” Within Reason Column Are Not Typical Geometry Language)
MathBitsNotebook: Triangle Congruence Proofs Structuring (Includes Rigid Motions), and Analyzing Strategies For Congruence Proofs
MathBitsNotebook: Two Column Proof Problems, Proof Steps, and Applying CPCTC To Produce Another Pair Of Congruency
Mathematics Assessment Project — Mathematics Assessment Resource Service: Evaluating Conditions for Congruency

Isosceles Triangle Base Angles Theorem (G.GCO.9b*; G.GSRT.5%*)
EngageNY: Rigid Motion Of Isosceles Triangle Base Angles Theorem
MathBitsNotebook: If Two Sides Of A Triangle Are Congruent, Then The Angle Opposite (Base Angles) Are Congruent

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 383



http://www.cliffsnotes.com/math/geometry/triangles/congruent-triangles
http://www.mathopenref.com/congruenttriangles.html
http://www.mathopenref.com/congruentsss.html
http://www.mathopenref.com/congruentsas.html
http://www.mathopenref.com/congruentasa.html
http://www.mathopenref.com/congruentaas.html
http://www.mathopenref.com/congruenthl.html
http://www.mathopenref.com/common/appletframe.html?applet=congruenttriangles1&wid=600&ht=200
http://www.mathopenref.com/common/appletframe.html?applet=congruentsss&wid=600&ht=200
http://www.mathopenref.com/common/appletframe.html?applet=congruentsas&wid=600&ht=200
http://www.mathopenref.com/common/appletframe.html?applet=congruentasa&wid=600&ht=200
http://www.mathopenref.com/common/appletframe.html?applet=congruentaas&wid=600&ht=200
http://www.mathopenref.com/common/appletframe.html?applet=congruenthl&wid=600&ht=200
http://www.mathopenref.com/congruentssa.html
http://www.mathopenref.com/congruentaaa.html
http://www.mathopenref.com/common/appletframe.html?applet=congruenttrianglesssa&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=congruenttrianglesaaa&wid=600&ht=300
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTConcept.html
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTtriangleMethods.html
https://www.engageny.org/resource/geometry-module-1-topic-d-lesson-26
https://www.engageny.org/resource/geometry-module-1-topic-d-lesson-27
https://www.khanacademy.org/math/geometry/congruent-triangles/cong_triangle/v/more-on-why-ssa-is-not-a-postulate
https://www.khanacademy.org/math/geometry/congruent-triangles/cong_triangle/v/congruent-triangles-and-sss
https://www.khanacademy.org/math/geometry/congruent-triangles/cong_triangle/v/other-triangle-congruence-postulates
https://www.khanacademy.org/math/geometry/congruent-triangles/cong_triangle/e/congruency_postulates
https://www.khanacademy.org/math/geometry/congruent-triangles/cong_triangle/v/two-column-proof-showing-segments-are-perpendicular
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTVerifyMethods.html
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTrecognize.html
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTtips.html
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTbeginning.html
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTDouble.html
http://map.mathshell.org/lessons.php?unit=9315&collection=8
https://www.engageny.org/resource/geometry-module-1-topic-d-lesson-23
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATIsosceles.html
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Transformation and Congruence (G.GCO.2*; G.GCO.4*; G.GCO.5*%; G.GCO.6*)
a. Translations, Reflections, Rotations, and Combinations
Mathematics Assessment Project — Mathematics Assessment Resource Service: Transformations review
Transformations
b. Congruency Within Transformations
Math Education Page: Rigid Motions; Translations, Reflections, and Rotations applets
Math Education Page: Translation
Math Open Reference: Modeled Demonstration Of Preserved Congruence With All Combinations Of Rigid Motions applet
MathBitsNotebook: Rigid Motions (Transformations) And Congruence and Triangle Congruence Proofs Structuring Including Rigid Motions
c. Congruence and Similarity
EngageNY: Rigid Motion For SAS Postulate (can be used to introduce SAS postulate)
EngageNY: Rigid Motion For ASA And SSS Postulates (can be used to introduce ASA and SSS postulates)
EngageNY: Rigid Motion For AAS And HL Theorems (can be used to introduce AAS and HL Theorems)
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http://map.mathshell.org/lessons.php?unit=8310&collection=8
http://www.mathedpage.org/transformations/isometries/translation.html
http://www.mathedpage.org/transformations/isometries/reflection.html
http://www.mathedpage.org/transformations/isometries/rotation.html
http://www.mathedpage.org/transformations/isometries/translation.html
http://www.mathopenref.com/common/constappletframe.html?applet=congruentpolygons&wid=600&ht=400
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTRigidMotion.html
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTVerifyMethods.html
https://www.engageny.org/resource/geometry-module-1-topic-d-lesson-22
https://www.engageny.org/resource/geometry-module-1-topic-d-lesson-24
https://www.engageny.org/resource/geometry-module-1-topic-d-lesson-25
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Points of Concurrency and Triangle Midsegment (G.GCI.3; G.GCO0.8*; G.GCO.8c*; G.GCO.9*; G.GCO.9c*; G.GCO.9d*; G.GSRT.5*)

a. Angle Bisector and Perpendicular Bisector Theorems
Khan Academy: Video Discussion on A Point On An Angle Bisector Is Equidistant From The Sides And Proof Or Theorem
Math Open Reference: Equidistant Points (Models Perpendicular Bisector Theorem)
Math Open Reference: Equidistant Points applet
Virtual Nerd: Perpendicular Bisector Theorem application

b. Incenter, Circumcenter, Orthocenter, and Centroid
Cliffs Notes Math: Altitude, Median, And Angle Bisectors Within A Triangle
Khan Academy: Lesson Videos of Incenter and Circumcenter
Math Open Reference: Angle Bisectors - Incenter, Incenter Circle , Perpendicular Bisectors - Circumcenter, and Circumcenter Circle applets
Math Open Reference: Angle Bisectors - Incenter, Incenter Circle, Perpendicular Bisectors - Circumcenter, and Circumcenter Circle
Math Open Reference: Incenter On Coordinate Plane; applet: Incenter On Coordinate Plane
Math Open Reference: Orthocenter and Centroid
Math Open Reference: Orthocenter and Centroid applets
MathBitsNotebook: Median-Centroid, Altitude-Orthocenter, Angle Bisector-Incenter, And Perpendicular Bisector-Circumcenter Notes
Virtual Nerd: Incenter, Circumcenter, and Median-Centroid

c. Median-Centroid Applications
Virtual Nerd: Application of Median-Centroid

d. Midsegment and Midsegment of a Triangle Theorem
EngageNY: Midsegments Of A Triangle And Extensions
Math Open Reference: Midsegment Is Half The Length Of The Parallel Side
Math Open Reference: Midsegment |s Half The Length Of The Parallel Side applet
MathBitsNotebook: Midsegment Theorem And Different Proofs
Virtual Nerd: Triangle Midsegment Theorem Explained On Coordinate Plane
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https://www.khanacademy.org/math/geometry/triangle-properties/angle_bisectors/v/point-line-distance-and-angle-bisectors
http://www.mathopenref.com/equidistant.html
http://www.mathopenref.com/common/appletframe.html?applet=equidistant&wid=600&ht=300
http://www.virtualnerd.com/geometry/triangle-relationships/perpendicular-angle-bisectors/point-on-perpendicular-bisector
http://www.cliffsnotes.com/math/geometry/triangles/altitudes-medians-and-angle-bisectors
https://www.khanacademy.org/math/geometry/triangle-properties/angle_bisectors/v/incenter-and-incircles-of-a-triangle
https://www.khanacademy.org/math/geometry/triangle-properties/perpendicular_bisectors/v/circumcenter-of-a-triangle
http://www.mathopenref.com/common/appletframe.html?applet=triangleincenter&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=triangleincircle&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=circumcenter&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=circumcircle&wid=600&ht=350
http://www.mathopenref.com/triangleincenter.html
http://www.mathopenref.com/triangleincircle.html
http://www.mathopenref.com/trianglecircumcenter.html
http://www.mathopenref.com/trianglecircumcircle.html
http://www.mathopenref.com/coordincenter.html
http://www.mathopenref.com/common/appletframe.html?applet=coordincenter&wid=600&ht=450
http://www.mathopenref.com/triangleorthocenter.html
http://www.mathopenref.com/trianglecentroid.html
http://www.mathopenref.com/common/appletframe.html?applet=orthocenter&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=centroid&wid=600&ht=300
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATSegmentsTriangles.html
http://www.virtualnerd.com/geometry/triangle-relationships/perpendicular-angle-bisectors/incenter-definition
http://www.virtualnerd.com/geometry/triangle-relationships/perpendicular-angle-bisectors/triangle-circumcenter-definition
http://www.virtualnerd.com/geometry/triangle-relationships/medians-altitudes/definition-triangle-median
http://www.virtualnerd.com/geometry/triangle-relationships/medians-altitudes/centroid-find-segment-lengths
https://www.engageny.org/resource/geometry-module-1-topic-e-lesson-29
http://www.mathopenref.com/trianglemidsegment.html
http://www.mathopenref.com/common/appletframe.html?applet=trianglemidsegment&wid=600&ht=300
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATMidSegments.html
http://www.virtualnerd.com/geometry/triangle-relationships/midsegments/triangle-midsegment-theorem
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Constructions of Incenter and Circumcenter (G.GCI.3)
EngageNY: Construct a Square and Nine-Point Circle
EngageNY: Constructions of Points of Concurrencies and Related Theorems
Math Open Reference: Constructions of Incenter and Circumcenter
Math Open Reference: Constructions of Incenter and Circumcenter applets
Math Open Reference: Constructions of Orthocenter and Centroid
Math Open Reference: Constructions of Orthocenter and Centroid applets

Constructions of with Triangle Congruence (G.GCO.11%)
Geometry Book of Labs: Section 6; Complete Lab 6.1 Constructing Non-Congruent Triangles
Math Open Reference: Constructing Congruent Triangles using SSS
Math Open Reference: Constructing Congruent Triangles using SSS applet
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https://www.engageny.org/resource/geometry-module-1-topic-f-lesson-31
https://www.engageny.org/resource/geometry-module-1-topic-lesson-5
http://www.mathopenref.com/constincenter.html
http://www.mathopenref.com/constcircumcenter.html
http://www.mathopenref.com/common/constappletframe.html?applet=constincenter&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=constcircumcenter&wid=600&ht=400
http://www.mathopenref.com/constorthocenter.html
http://www.mathopenref.com/constcentroid.html
http://www.mathopenref.com/common/constappletframe.html?applet=constorthocenter&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=constcentroid&wid=600&ht=400
http://www.mathedpage.org/geometry-labs/gl/gl-6.pdf
http://www.mathopenref.com/consttrianglesss.html
http://www.mathopenref.com/common/constappletframe.html?applet=consttrianglesss&wid=600&ht=400
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Resources

e Cliff Notes Math: Geometry

e Emergent Math: Emergent Math

e EngageNY: Geometry

e Grade A Math Help: Geometry

e Grade A Math Help: Geometry Resources

o [lluminations: Grades 9 - 12 Resources

e Khan Academy: Geometry

e Math Education Page: Geometry Book of Labs

e Math Education Page: Sum of the Angles in a Triangle
e Math Goodies: Math Goodies

e Math Open Reference: Geometry Resources

e MathBitsNotebook: Geometry Online Study Resources
e Mathematics Assessment Project — Mathematics Assessment Resource Service: Homepage
e Virtual Nerd: Geometry Skills Videos
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http://www.cliffsnotes.com/math/geometry
http://emergentmath.com/
https://www.engageny.org/resource/high-school-geometry
http://www.gradeamathhelp.com/free-geometry-help.html
http://www.gradeamathhelp.com/free-geometry-worksheets.html
http://illuminations.nctm.org/Search.aspx?view=search&type=ls&gr=9-12
https://www.khanacademy.org/math/geometry
http://www.mathedpage.org/geometry-labs/index.html
http://www.mathedpage.org/constructions/sum/index.html
http://www.mathgoodies.com/
http://www.mathopenref.com/index.html
http://mathbitsnotebook.com/Geometry/Geometry.html
http://map.mathshell.org/
http://www.virtualnerd.com/geometry/all
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Sample Formative Assessment Tasks/Questions

Congruency and Triangle Congruence (G.GCO.7%)
a. MathBitsNotebook: Varied Congruence Questions and Full Two-Column Proofs

Constructions of with Triangle Congruence (G.GCO.11%)
a. MathBitsNotebook: Rigid Motion Triangle Congruence
b. Math Education Page: Determining Type of Transformations Examples 1, 2, 3, and 4; applets

Proofs using segments and angles within a triangle - not congruence proofs (G.GC0O.8*, G.GC0.9*, G.GCO.9c*)
a. MathBitsNotebook: Proofs Using Segments And Angles Within A Triangle (Not Congruence Proofs)

Points of Concurrency and Triangle Midsegment (G.GCI.3; G.GC0.9%)
a. MathBitsNotebook: Segments within a Triangle and Triangle Midsegment practice

a. Inside Mathematics: Performance Assessment Tasks
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http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTnumericalPractice.html
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTproofs.html
http://mathbitsnotebook.com/Geometry/CongruentTriangles/CTRigidMotionPractice.html
http://www.mathedpage.org/transformations/isometries/mystery-1.html
http://www.mathedpage.org/transformations/isometries/mystery-2.html
http://www.mathedpage.org/transformations/isometries/mystery-3.html
http://www.mathedpage.org/transformations/isometries/mystery-4.html
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATProofPractice.html
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATSegmentTrianglePractice.html
http://mathbitsnotebook.com/Geometry/SegmentsAnglesTriangles/SATMidSegmentPractice.html
http://www.insidemathematics.org/performance-assessment-tasks
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Geometry Unit 3 Title

Quadrilaterals

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e G.GCO.6* Demonstrate that triangles and quadrilaterals are congruent by identifying a combination of translations, rotations, and
reflections in various representations that move one figure onto the other.

o Demonstrate congruency of transformed quadrilaterals under rigid motions, as so with previous triangles unit.

e G.GCO.8* Prove, and apply in mathematical and real-world contexts, theorems about lines and angles,
e G.GCO.9* Prove, and apply in mathematical and real-world contexts, theorems about the relationships within and among triangles

o Included these overarching standards of G.GCO.8 and G.GCO.9 for definition, theorem verification, and application with
guadrilaterals containing special features not covered in G.GCO0.10, such as Isosceles Trapezoid and Kites.

o Include analysis of Isosceles Trapezoid and Kite which extends previous learning from congruent triangles, particularly how
corresponding parts of congruent triangles are congruent.

o Prove, model and apply Polygon Interior Angle and Exterior Angle Sum Theorems and make connections to Quadrilaterals such that
the sum of the interior angles is 360 degrees and sum of the exterior angles is 360 degrees.

e G.GCO.10* Prove, and apply in mathematical and real-world contexts, theorems about parallelograms

o Include this overarching standard to address parallelogram properties of opposite sides are parallel and consecutive angles are
supplementary.

o Include this overarching standard to prove a quadrilateral is a parallelogram by showing both pairs of opposite sides are parallel, and
one pair of opposite sides is both parallel and congruent.

o Include this overarching standard to define rectangle, rhombus, and squares from parallelograms, and prove that from quadrilaterals
rectangles can be proven as a quadrilateral with four right angles, rhombus can be proven as a quadrilateral with four congruent
sides, and squares can be proven as quadrilaterals with four right angles and four congruent sides.

o Include this overarching standard to address that the parallelogram properties also exist in rectangle, rhombus, and squares.

o Include this overarching standard to address that each diagonal in a rhombus bisects a pair of opposite angles.

e G.GCO.10a* Prove, and apply in mathematical and real-world contexts, theorems about parallelograms, including the following: opposite
sides of a parallelogram are congruent.

o Include using this property in application that opposite sides are congruent and proving a quadrilateral is a parallelogram by showing
both pairs of opposite sides are congruent.

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 390




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Geometry Unit 3: Quadrilaterals
Return to High School Overview, High School Table of Contents, or Geometry Coversheet

e G.GCO.10b* Prove, and apply in mathematical and real-world contexts, theorems about parallelograms, including the following: opposite
angles of a parallelogram are congruent.

o Include using this property in application that opposite angles are congruent and proving a quadrilateral is a parallelogram by
showing both pairs of opposite angles are congruent.

e G.GCO.10c* - Prove, and apply in mathematical and real-world contexts, theorems about parallelograms, including the following: diagonals
of a parallelogram bisect each other.

o Include using this property in application that diagonals bisect each other and proving a quadrilateral is a parallelogram by diagonals
bisect each other.

e G.GCO.10d* - Prove, and apply in mathematical and real-world contexts, theorems about parallelograms, including the following: rectangles
are parallelograms with congruent diagonals.

o Include using this property in application that diagonals in a rectangle are congruent and proving a parallelogram is a rectangle by
showing diagonals are congruent.

e (G.GCO.10e* - Prove, and apply in mathematical and real-world contexts, theorems about parallelograms, including the following: a
parallelogram is a rhombus if and only if the diagonals are perpendicular.

o Include using this property in application that diagonals are perpendicular to each other and proving a parallelogram is a rhombus by
showing diagonals are perpendicular.

o Connect that quadrilaterals with perpendicular diagonals can also be kites (a special quadrilateral)

e (G.GCO.11* - Construct geometric figures using a variety of tools, including a compass, a straightedge, dynamic geometry software, and
paper folding, and use these constructions to make conjectures about geometric relationships.

o Include foundational constructions to construct squares and parallelograms.

e G.GGPE.4* - Use coordinates to prove simple geometric theorems algebraically.

o Prove quadrilaterals are parallelograms, specific types of parallelograms, or special quadrilaterals in conjunction with G.GCO.8,
G.GCO0.9, and G.GCO.10 through given coordinates matching these type of figures by applying distance, slope and midpoint formula
accordingly.

o Verify through coordinate formula of distance, slope and midpoint generalized quadrilateral theorems, such as to demonstrate a
guadrilateral with the given coordinates of (0, 0), (a, b), (c, d), and (c-a, d-b) is a parallelogram as indicated in G.GC0O.10, 10a, 10b,
10c, 10d, and 10e.

o Proof concept can be modeled in multiple formats. Coordinate Proofs include both deductive and inductive reasoning along with
written explanations connecting coordinate formula calculations to the specific geometry being proven.
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e G.GM.1* - Use geometric shapes, their measures, and their properties to describe real-world objects.
o Include shapes, measures, and properties applicable to this unit.
e G.GM.2 - Use geometry concepts and methods to model real-world situations and solve problems using a model.
o Include concepts and methods applicable to this unit.
e G.GSRT.5* - Use congruence and-similarity criteria for triangles to solve problems and to prove relationships in geometric figures.
o Include analysis of Isosceles Trapezoid and Kite extends previous learning from congruent triangles, particularly how corresponding
parts of congruent triangles are congruent.
o Congruence criteria only in this unit. Similarity criteria will be used in Unit 4 Similarity.
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New Academic Vocabulary for This Unit

e Parallelogram — exposed to concept under area (6.GM.1) and construction (7.GM.2c) but without formal definition or analysis
e Regular Polygon
e Diagonal of a polygon
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Prior Knowledge Required for this Unit

In earlier grades/courses/units, students have developed conceptual knowledge and have had the opportunity to learn how to:

e Students should be able to apply the Triangle Angle Sum Theorem for interior angles and possess knowledge of the relationships of exterior
angles (Unit 2).

e Students have been exposed to the concepts of parallelograms, rectangle, rhombus, trapezoid, isosceles trapezoid, and kite through area
(6.GM.1) and generalized construction (7.GM.2c), but likely without formal definition.

e Students should be able to draw with protractor and ruler parallelograms and special quadrilaterals under specified criteria (7.GM.2c)

e Students should “understand that shapes in different categories (e.g., rhombus, rectangle, square, and other 4-sided shapes) may share
attributes (e.g., 4-sided figures) and the shared attributes can define a larger category (e.g., quadrilateral). Recognize rhombuses, rectangles,
and squares as examples of quadrilaterals, and draw examples of quadrilaterals that do not belong to any of these subcategories.” (3.G.1)

e Students should have a firm understanding of triangle congruency and that corresponding parts of congruent triangles are congruent and
how these apply to create new geometry theorems (Unit 2).

e Student should have functional application skills of midpoint, slope, and distance formulas (Unit 1).

e Students should be able to construct congruent segments, segment bisectors, congruent angles, angle bisector, a line parallel through a
given point to another line, and a line perpendicular to another line through a given point on or off that line (Unit 1).

e Students should be able to demonstrate rigid motion congruency of segments, angles, and triangles (Units 1 and 2).

e Students should be able to recognize quadrilaterals by observing shapes and their attributes (various K-6 geometry standards).

e Students should be able to precisely describe transformations in terms of angles, perpendicular and parallel lines to describe a specific
mapping from one figure to another (G.GCO.4, Unit 2).
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Subsequent Knowledge Related to this Unit

e Students will be able to derive a formula by showing the product of the diagonal lengths produces area of a rhombus (Unit 6).

e Student will recognize various quadrilaterals and apply in deriving corresponding area formula for circles and within three dimensional

shapes surface area and volume formulas (Unit 6).
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Relationship Among Standards in this Unit

Within this unit, students will extend their knowledge of congruent triangles and that corresponding parts of congruent triangles are congruent to
each other and then produce various quadrilateral theorems. Students must possess firm understanding of how within the quadrilateral family
properties of a parent figure also apply to more specified figures, such as general quadrilateral and parallelogram properties also are true within
specified rectangle, rhombus and squares. Application of previous knowledge of coordinate geometry and concept of proof are applied to produce
coordinate proofs (G.GPE.4*). Extension of rigid motion transformational geometry from triangles demonstrates quadrilateral congruencies;
students should be able to describe in terms of angles, midpoints, perpendicular lines, etc. how one triangle maps onto another to produce triangle
congruencies within a quadrilateral (G.GCO.10*) and then ultimately congruency between quadrilaterals (G.GCO.6*).
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 3.

Polygon Sum for Interior and Exterior Angles (G.GCO.9*)
Cliff Notes Math: Polygons Angles
Math Open Reference: Triangles within a Polygon
Math Open Reference: Triangles within a Polygon applet
Math Open Reference: Interior Angle Sum within a Polygon
Math Open Reference: Interior Angle Sum within a Polygon applet
Math Open Reference: Exterior Angle Sum within a Polygon
Math Open Reference: Exterior Angle Sum within a Polygon applet
Virtual Nerd: What is 2 Regular Polygon
Virtual Nerd: Sum of Interior Angles of a Polygon
Virtual Nerd: Finding Measure of Exterior angle of a Polygon

Quadrilateral Concepts (G.GC0.9%, G.GG0.10%)
Math Open Reference: Quadrilateral Concepts
Math Is Fun: Quadrilateral Concepts
Math is Fun: Quadrilaterals Interactive applet
MathBitsNotebook Quadrilateral Principles
Regents Prep: Quadrilateral Family
Virtual Nerd: Quadrilaterals
Virtual Nerd: Classifying Quadrilaterals
Virtual Nerd: Finding angle measure within a Quadrilateral
Virtual Nerd: Finding angle measure within a Quadrilateral with Variables
School Yourself: Quadrilaterals
Khan Academy: Quadrilateral Discussion
Khan Academy: Quadrilateral Analysis
Mathematics Assessment Project — Mathematics Assessment Resource Service: Describing and Defining Quadrilaterals
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http://www.cliffsnotes.com/study-guides/geometry/polygons/angle-sum-of-polygons
http://www.mathopenref.com/polygontriangles.html
http://www.mathopenref.com/common/appletframe.html?applet=polygontriangles&wid=600&ht=300
http://www.mathopenref.com/polygoninteriorangles.html
http://www.mathopenref.com/common/appletframe.html?applet=polygoninteriorangles&wid=600&ht=300
http://www.mathopenref.com/polygonexteriorangles.html
http://www.mathopenref.com/common/appletframe.html?applet=polygonextangles&wid=600&ht=350
http://www.virtualnerd.com/geometry/quadrilaterals/polygons/regular-polygon-definition
http://www.virtualnerd.com/geometry/quadrilaterals/polygons/polygon-interior-angle-sum-examples
http://www.virtualnerd.com/geometry/quadrilaterals/polygons/find-exterior-angles
http://www.mathopenref.com/quadrilateral.html
https://www.mathsisfun.com/quadrilaterals.html
https://www.mathsisfun.com/geometry/quadrilaterals-interactive.html
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDReviewQuads.html
http://www.regentsprep.org/Regents/math/geometry/GP9/LQuad.htm
http://www.virtualnerd.com/geometry/quadrilaterals/properties-parallelograms/quadrilateral-definition
http://www.virtualnerd.com/geometry/quadrilaterals/rectangles-rhombuses-squares/quadrilateral-types
http://www.virtualnerd.com/geometry/quadrilaterals/polygons/quadrilateral-missing-angles-example
http://www.virtualnerd.com/geometry/quadrilaterals/polygons/quadrilateral-missing-variable-angles-example
https://schoolyourself.org/learn/geometry/quads
https://www.khanacademy.org/math/geometry/quadrilaterals-and-polygons/quadrilaterals/v/quadrilateral-overview
https://www.khanacademy.org/math/geometry/quadrilaterals-and-polygons/quadrilaterals/v/quadrilateral-properties
http://map.mathshell.org/lessons.php?unit=7325&collection=8
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Parallelograms and its properties (G.GC0.10*, G.GCO.10a*, G.GCO.10b*, G.GCO.10c*, G.GCO.10d*)

Cliffs Notes Math: Properties of Parallelograms

MathBitsNotebook: Parallelogram Properties

Regents Prep: Parallelogram Properties

Math Open Reference: Parallelogram Definition and Notes

Math Open Reference: Parallelogram Definition applet

Math Open Reference: Parallelogram Inscribed within a Quadrilateral
Virtual Nerd: Parallelogram

Virtual Nerd: Parallelogram Application — Solving Using Opposite Sides Congruent
School Yourself: Parallelograms Angles

School Yourself: Parallelograms Sides

School Yourself: Parallelograms Diagonals

Khan Academy: Proving Opposite Sides in a Parallelogram are Congruent
Khan Academy: Proving Opposite Angles in a Parallelogram are Congruent
Khan Academy: Proving Diagonals in a Parallelogram Bisect Each Other

Proving Parallelograms (G.GC0.10*, G.GCO.10a*, G.GCO.10b*, G.GCO.10c*, G.GCO.10d*)

Cliffs Notes Math: Proofs of Parallelograms
Regents Prep: Proof of Parallelograms
Math Open Reference: Proofs of Parallelograms
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http://www.cliffsnotes.com/study-guides/geometry/polygons/special-quadrilaterals
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDParallelograms.html
http://www.regentsprep.org/Regents/math/geometry/GP9/LParallelogram.htm
http://www.mathopenref.com/parallelogram.html
http://www.mathopenref.com/common/appletframe.html?applet=parallelogram&wid=600&ht=300
http://www.mathopenref.com/parallelograminscribed.html
http://www.mathopenref.com/parallelograminscribed.html
http://www.virtualnerd.com/geometry/quadrilaterals/properties-parallelograms/parallelogram-definition
http://www.virtualnerd.com/geometry/quadrilaterals/show-parallelogram/variable-angles-make-parallelogram
https://schoolyourself.org/learn/geometry/parallelogram-angles
https://schoolyourself.org/learn/geometry/parallelogram-angles
https://schoolyourself.org/learn/geometry/parallelogram-sides
https://schoolyourself.org/learn/geometry/parallelogram-sides
https://schoolyourself.org/learn/geometry/parallelogram-diagonals
https://schoolyourself.org/learn/geometry/parallelogram-diagonals
https://www.khanacademy.org/math/geometry/quadrilaterals-and-polygons/quadrilaterals/v/proof-opposite-sides-of-parallelogram-congruent
https://www.khanacademy.org/math/geometry/quadrilaterals-and-polygons/quadrilaterals/v/proof-opposite-angles-of-parallelogram-congruent
https://www.khanacademy.org/math/geometry/quadrilaterals-and-polygons/quadrilaterals/v/proof-diagonals-of-a-parallelogram-bisect-each-other
http://www.cliffsnotes.com/study-guides/geometry/polygons/proving-that-figures-are-parallelograms
http://www.regentsprep.org/Regents/math/geometry/GP9/LParallelogram.htm
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDParallelograms.html
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDParallelograms.html
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Special Parallelograms (G.GCO.10*, G.GCO.10e¥*)
Cliffs Notes Math: Properties of Special Parallelograms
MathBitsNotebook: Special Parallelogram Properties and Proofs
Regents Prep: Special Parallelograms
Math Open Reference: Definition of Rectangle
Math Open Reference: Diagonals of a Rectangle
Math Open Reference: Diagonals of a Rectangle applet
Math Open Reference: Definition of Rhombus
Math Open Reference: Diagonals of a Rhombus
Math Open Reference: Diagonals of a Rhombus applet
Math Open Reference: Definition of Square
Math Open Reference: Diagonals of a Square
Math Open Reference: Diagonals of a Square applet
Virtual Nerd: What is a Rectangle
Virtual Nerd: Diagonals of a Rectangle application
Virtual Nerd: What is a Rhombus
Virtual Nerd: Diagonals of a Rhombus application
Virtual Nerd: What is a Square
School Yourself: Rectangles Diagonals
School Yourself: Rhombus Diagonals

Trapezoids, Isosceles Trapezoid, and Kites — special quadrilaterals (G.GCO.8*, G.GC0O.9%, G.GCO.10e*, and G.GSRT.5%)
Cliffs Notes Math: Properties of Trapezoids
MathBitsNotebook: Properties of Trapezoids and Kites
Regents Prep: Theorems with Trapezoids
Math Open Reference: Definition of Trapezoid
Math Open Reference: Median (or Midsegment) of a Trapezoid
Math Open Reference: Median of a Trapezoid applet
Virtual Nerd: What is a Trapezoid

South Carolina Department of Education | Office of Standards and Learning
May 2016

Page 399



http://www.cliffsnotes.com/study-guides/geometry/polygons/properties-of-special-parallelograms
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDRectangle.html
http://www.regentsprep.org/Regents/math/geometry/GP9/LRectangle.htm
http://www.mathopenref.com/rectangle.html
http://www.mathopenref.com/rectanglediagonals.html
http://www.mathopenref.com/rectanglediagonals.html
http://www.mathopenref.com/common/appletframe.html?applet=rectanglediagonals&wid=600&ht=300
http://www.mathopenref.com/rhombus.html
http://www.mathopenref.com/rhombusdiagonals.html
http://www.mathopenref.com/rhombusdiagonals.html
http://www.mathopenref.com/common/appletframe.html?applet=rhombusdiagonals&wid=600&ht=300
http://www.mathopenref.com/square.html
http://www.mathopenref.com/squarediagonals.html
http://www.mathopenref.com/squarediagonals.html
http://www.mathopenref.com/common/appletframe.html?applet=squarediagonals&wid=600&ht=300
http://www.virtualnerd.com/geometry/quadrilaterals/rectangles-rhombuses-squares/rectangle-definition
http://www.virtualnerd.com/geometry/quadrilaterals/rectangles-rhombuses-squares/variable-diagonal-length-rectangle
http://www.virtualnerd.com/geometry/quadrilaterals/rectangles-rhombuses-squares/rhombus-definition
http://www.virtualnerd.com/geometry/quadrilaterals/rectangles-rhombuses-squares/parallelogram-rhombus-angles-example
http://www.virtualnerd.com/geometry/quadrilaterals/rectangles-rhombuses-squares/definition-square
https://schoolyourself.org/learn/geometry/rectangle-diagonals
https://schoolyourself.org/learn/geometry/rectangle-diagonals
https://schoolyourself.org/learn/geometry/rhombus-diagonals
https://schoolyourself.org/learn/geometry/rhombus-diagonals
http://www.cliffsnotes.com/study-guides/geometry/polygons/properties-of-trapezoids
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDTrapKite.html
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDTrapKite.html
http://www.regentsprep.org/Regents/math/geometry/GP9/LTrapezoid.htm
http://www.mathopenref.com/trapezoid.html
http://www.mathopenref.com/trapezoidmedian.html
http://www.mathopenref.com/trapezoidmedian.html
http://www.mathopenref.com/common/appletframe.html?applet=trapezoidmedian&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=trapezoidmedian&wid=600&ht=300
http://www.virtualnerd.com/geometry/quadrilaterals/trapezoids-kites/trapezoid-definition
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Quadrilaterals and Coordinate Geometry Proofs (G.GGPE.4*)
Math Open Reference: Coordinate Geometry with Rectangle
Math Open Reference: Coordinate Geometry with Rectangle applet
Virtual Nerd: Example of Coordinate Reasoning
West Contra Costa Unified School District — The Parallelogram Law

Quadrilaterals and Transformations (G.GCO.6*)
MathBitsNotebook: Conceptual Notes of Viewing Symmetry with Quadrilaterals
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http://www.mathopenref.com/coordrectangle.html
http://www.mathopenref.com/common/appletframe.html?applet=coordrectangle&wid=600&ht=350
http://www.virtualnerd.com/geometry/quadrilaterals/coordinate-proof/name-rhombus-vertices
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/geometry%20lessons/ParallelogramLawV3.pdf
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDtransquads.html
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Quadrilaterals Constructions (G.GCO.11%)
Math Open Reference: Inscribed Square
Math Open Reference: Inscribed Square applet
Math Open Reference: Constructing Inscribed Square applet
Virtual Nerd: Constructing a Square
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http://www.mathopenref.com/squareinscribed.html
http://www.mathopenref.com/squareinscribed.html
http://www.mathopenref.com/common/appletframe.html?applet=squareinscribed&wid=600&ht=300
http://www.mathopenref.com/common/constappletframe.html?applet=constinsquare&wid=600&ht=400
http://www.virtualnerd.com/tutorials/?id=Geo_06_01_0010
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Resources

e Cliff Notes Math: Geometry

e Discovering Geometry: Discovering Geometry

e Emergent Math: Emergent Math

e EngageNY: Geometry

e Georgia Department of Education, Standards and Teacher Support: Geometry
e Grade A Math Help: Geometry

e Grade A Math Help: Geometry Resources

e llluminations: Grades 9 - 12 Resources

e Khan Academy: Geometry

e Math Education Page: Geometry Book of Labs

e Math Education Page: Sum of the Angles in a Triangle

e Math Goodies: Math Goodies

e Math Open Reference: Geometry Resources

e MathBitsNotebook: Geometry Online Study Resources

e Mathematics Assessment Project — Mathematics Assessment Resource Service: Homepage
e School Yourself: Geometry

e Virtual Nerd: Geometry Skills Videos

e West Contra Costa Unified School District: Geometry
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http://www.cliffsnotes.com/math/geometry
http://math.kendallhunt.com/x3017.html
http://emergentmath.com/
https://www.engageny.org/resource/high-school-geometry
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.gradeamathhelp.com/free-geometry-help.html
http://www.gradeamathhelp.com/free-geometry-worksheets.html
http://illuminations.nctm.org/Search.aspx?view=search&type=ls&gr=9-12
https://www.khanacademy.org/math/geometry
http://www.mathedpage.org/geometry-labs/index.html
http://www.mathedpage.org/constructions/sum/index.html
http://www.mathgoodies.com/
http://www.mathopenref.com/index.html
http://mathbitsnotebook.com/Geometry/Geometry.html
http://map.mathshell.org/
https://schoolyourself.org/learn/geometry
http://www.virtualnerd.com/geometry/all
http://www.wccusd.net/Page/3225
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Sample Formative Assessment Tasks/Questions

Quadrilaterals (G.GC0.8*, G.GC0.9*, G.GCO.10*, G.GCO.10a*, G.GCO.10b*, G.GCO.10c*, G.GCO.10d*, G.GCO.10e*, G.GM.1* G.GM.2, G.GSTR.5%)
Discovering Geometry: Polygons and Quadrilaterals
Grade A Mathematics: Triangles and Quadrilaterals
Inside Mathematics: Performance Assessment Tasks - Quadrilaterals
Khan Academy: Quadrilateral Angles Assessment
Khan Academy: Quadrilateral Types Assessment
Math Education Page: Geometry Book of Labs — Triangles and Quadrilaterals
MathBitsNotebook: Application Problems with Quadrilaterals
MathBitsNotebook: Proofs with Quadrilaterals
MathBitsNotebook: Quadrilateral Flow Chart
MathBitsNotebook: Quadrilateral Practice with Missing Measures
MathBitsNotebook: Quadrilateral Practice with Using Algebra
Regents Prep: Proofs with Quadrilaterals

. Regents Prep: Quadrilaterals and Parallels

n. Regents Prep: Quadrilaterals Mixed Practice

3T AT TSR0 20 oW

Quadrilaterals and Coordinate Geometry Proofs (G.GGPE.4*)
a. MathBitsNotebook: Coordinate Proofs
b. Georgia Department of Education: Geometry Unit 5
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http://math.kendallhunt.com/documents/dg3/PracticeYourSkills/DG_PYS_05.pdf
http://www.gradeamathhelp.com/support-files/free-geometry-worksheets-unit4.pdf
http://www.insidemathematics.org/assets/common-core-math-tasks/quadrilaterals.pdf
https://www.khanacademy.org/math/geometry/quadrilaterals-and-polygons/quadrilaterals/e/quadrilateral_angles
https://www.khanacademy.org/math/geometry/quadrilaterals-and-polygons/quadrilaterals/e/quadrilateral_types
http://www.mathedpage.org/geometry-labs/gl/gl-6.pdf
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDAppliedProblemPractice.html
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDProofPractice.html
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDPropertiesChartPractice.html
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDNumberProblemPractice.html
http://mathbitsnotebook.com/Geometry/Quadrilaterals/QDAlgebraicProblemPractice.html
http://www.regentsprep.org/Regents/math/geometry/GP9/PracQuadPf.htm
http://www.regentsprep.org/Regents/math/geometry/MultipleChoiceReviewG/Quadrilaterals.htm
http://www.regentsprep.org/Regents/math/geometry/GP9/PracQuad.htm
http://mathbitsnotebook.com/Geometry/CoordinateGeometry/CGshowPractice.html
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Geometry-Unit-5.pdf
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Geometry Unit 4 Title

Similarity
Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

G.GCO.2* Represent translationsreflections,+otations;—and dilations of objects in the plane by using paper folding, sketches, coordinates,
function notation, and dynamic geometry software, and use various representations to help understand the effects of simple
transformations and their compositions.
G.GCO.5* Predict and describe the results of transformations on a given figure using geometric terminology from the definitions of the
transformations, and describe a sequence of transformations that maps a figure onto its image.
G.GCO.9c* Prove, and apply in mathematical and real-world contexts, theorems about the relationships within and among triangles,
including the following: the segment joining midpoints of two sides of a triangle is parallel to the third side and half the length.

o Prove and use the Midsegment Theorem of a triangle
G.GCO.11* Construct geometric figures using a variety of tools, including a compass, a straightedge, dynamic geometry software, and paper
folding, and use these constructions to make conjectures about geometric relationships.
G.GM.1* Use geometric shapes, their measures, and their properties to describe real-world objects.

o Include shapes, measures, and properties applicable to this unit.
G.GM.2 Use geometry concepts and methods to model real-world situations and solve problems using a model.

o Include concepts and methods applicable to this unit.
G.GSRT.1 Understand a dilation takes a line not passing through the center of the dilation to a parallel line, and leaves a line passing through
the center unchanged. Verify experimentally the properties of dilations given by a center and a scale factor. Understand the dilation of a line
segment is longer or shorter in the ratio given by the scale factor.
G.GSRT.2* Use the definition of similarity to decide if figures are similar and justify decision. Demonstrate that two figures are similar by
identifying a combination of translations, rotations, reflections, and dilations in various representations that move one figure onto the other.
G.GSRT.3* Prove that two triangles are similar using the Angle-Angle criterion and apply the proportionality of corresponding sides to solve
problems and justify results.

o SSS and SAS should also be used to prove two triangles are similar.
G.GSRT.4a* Prove, and apply in mathematical and real-world contexts, theorems involving similarity about triangles, including the following:
A line drawn parallel to one side of a triangle divides the other two sides into parts of equal proportion.

o Prove and use the Side-Splitter Theorem
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e G.GSRT.4b* Prove, and apply in mathematical and real-world contexts, theorems involving similarity about triangles, including the following:
If a line divides two sides of a triangle proportionally, then it is parallel to the third side.
o Prove and use the Converse of the Side-Splitter Theorem.
e G.GSRT.5* Use congruence and similarity criteria for triangles to solve problems and to prove relationships in geometric figures.
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New Academic Vocabulary for This Unit

None
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Prior Knowledge Required for this Unit

e Students should know how relate scale drawings to dilations of geometric figures (8.GM.3).

e Students should know how to dilate geometric figures using scale factors that are positive rational numbers (8.GM.4).

e Students should know how to recognize that two-dimensional figures are only similar if a series of transformations can be performed to map
the pre-image to the image (8.GM.4).

e Students should know how to describe the series of transformations that justifies this similarity given two similar figures (8.GM.4).

e Students should know how to use proportional reasoning to find the missing side lengths of two similar figures (8.GM.4).

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 408




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Geometry Unit 4: Similarity
Return to High School Overview, High School Table of Contents, or Geometry Coversheet

Subsequent Knowledge Related to this Unit

e Properties of similar right triangles will be used to define trigonometric ratios and to determine sine, cosine, and tangent of an acute angle in
a right triangle (Unit 5: G.GSRT.6).
¢ In addition, similarity will be used again when working with chords and secants in circles (Unit 7: G.GCl.2).
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Relationship Among Standards in this Unit

In this unit, students will explore the properties of similarity and will use criteria such as Angle-Angle to prove triangles are similar and to solve
problems involving congruent and similar triangles. In order to solve such problems, students will explore theorems including the Midsegment
Theorem and the Side-Splitter Theorem (Triangle Proportionality Theorem) and its converse.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 4.

Similar Figures (G.GSRT.1)

a. VirtualNerd: Similar Figures
VirtualNerd: What is a Dilation?
MathBitsNotebook: Dilations and Lines (Segments)
Geometry Book of Labs: Scaling on a Geoboard, Section 10.1
Geometry Book of Labs: Similar Rectangles, Section 10.2
f. BetterLesson: Perspective Drawings

® oo o

Similarity and Transformations (G.GSRT.2*)
a. VirtualNerd: Identifying Similar Transformations
b. Kahn Academy: How To Determine Whether Two Shapes Are Similar
c. EngageNY: Similarity Transformations
d. IXL Learning Inc: Similarity Transformations Practice

Proving Triangle Similarity (G.GSRT.3%)

a. MathBitsNotebook: Proving Similar Triangles
BetterLesson: Introduction to Similar Triangles Proofs
Kahn Academy: Similarity Postulates
Math Nspired: Angles and Similarity
Math Open Reference: Triangle Similarity Test (SSS)
Math Open Reference: Triangle Similarity Test (SAS)

SERNCEENN S

The Slde Splitting Theorem (G.GSRT.4a*; G.GSRT.4b*)
MathBitsNotebook: Side Splitting Theorem
MathBitsNotebook: Side Splitting Theorem Practice

IXL Learning Inc: Triangle Proportionality Practice
BetterLesson: Proving Theorems Involving Similar Triangles

oo oo
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http://www.virtualnerd.com/geometry/similarity/polygons/similar-figures-definition
http://www.virtualnerd.com/geometry/similarity/dilations-transformations/dilation-example
http://mathbitsnotebook.com/Geometry/Similarity/SMLines.html
http://www.mathedpage.org/geometry-labs/gl/gl-10.pdf
http://www.mathedpage.org/geometry-labs/gl/gl-10.pdf
http://betterlesson.com/lesson/607277/perspective-art-project
http://www.virtualnerd.com/geometry/transformations/similarity-congruence/identify-similarity-transformation
https://www.khanacademy.org/math/basic-geo/transformations-congruence-similarity-geo/basic-geo-congruence-similarity/v/testing-similarity-through-transformations
https://www.engageny.org/resource/geometry-module-2-topic-c-lesson-12
https://www.ixl.com/math/geometry/similar-triangles-and-similarity-transformation
http://mathbitsnotebook.com/Geometry/Similarity/SMProofs.html
http://betterlesson.com/lesson/434998/proving-that-triangles-are-similar
https://www.khanacademy.org/math/algebra-basics/core-algebra-geometry/copy-of-triangle_similarlity/v/similarity-postulates
https://education.ti.com/en/timathnspired/us/detail?id=0822123CED4049C69C62473FFB575B4F&t=581A36F036A145AAAA343DAF19BB85BB
http://www.mathopenref.com/similarsss.html
http://www.mathopenref.com/similarsas.html
http://mathbitsnotebook.com/Geometry/Similarity/SMSplitter.html
http://mathbitsnotebook.com/Geometry/Similarity/SMSideSplitterPractice.html
https://www.ixl.com/math/geometry/triangle-proportionality-theorem
http://betterlesson.com/lesson/569835/proving-theorems-involving-similar-triangles
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Using Congruence and Similarity Criteria for Triangles to Solve Problems (G.GSRT.5*)
a. Kahn Academy: Solving Problems with Similar and Congruent Triangles

Illustrative Mathematics: Bank Shot

Illustrative Mathematics: Finding Triangle Coordinates

Math Nspired: Applications of Similar Figures

e oo
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https://www.khanacademy.org/math/geometry/similarity/solving-problems-with-similar-and-congruent-triangles/v/finding-area-using-similarity-and-congruence
https://www.illustrativemathematics.org/content-standards/HSG/SRT/B/5/tasks/651
https://www.illustrativemathematics.org/content-standards/HSG/SRT/B/5/tasks/1685
https://education.ti.com/en/timathnspired/us/detail?id=AC9C72A1186B4B4F911CBC1BC966E214&t=581A36F036A145AAAA343DAF19BB85BB
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Resources

BetterLesson: Math

EngageNY: Geometry

Geogebra: Geometry

Illustrative Mathematics: High School Geometry

IXL Learning Inc: Geometry

Kahn Academy: Geometry

Math Education Page: Geometry Book of Labs

Math Nspired: Geometry

Math Open Reference: Geometry Resources
MathBitsNotebook: Geometry Online Study Resources

VirtualNerd: Geometry Tutorials
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http://betterlesson.com/?from=header_logo
https://www.engageny.org/resource/high-school-geometry
https://www.illustrativemathematics.org/content-standards/HSG/SRT/B/5/tasks/1002
https://www.ixl.com/math/geometry
https://www.khanacademy.org/math/geometry
http://www.mathedpage.org/geometry-labs/index.html
https://education.ti.com/en/timathnspired/us/home
http://www.mathopenref.com/index.html
http://mathbitsnotebook.com/Geometry/Similarity/SMSideSplitterPractice.html
http://www.virtualnerd.com/geometry/all
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Sample Formative Assessment Tasks/Questions

Similar Figures (G.GSRT.1)
a. Better Lesson: Assessment for Sweet Similar Shapes
b. Georgia Department of Education: Dilations in the Coordinate Plane
c. Georgia Department of Education: Similar Triangles
d. MathBitsNotebook: Similarity

Similarity and Transformations (G.GSRT.2*)
a. Georgia Department of Education: Shadow Math
b. MathBitsNotebook: Dilations and Lines

Proving Triangle Similarity (G.GSRT.3%)
a. Georgia Department of Education: Proving Similar Triangles

The Side-Splitting Theorem (G.GSRT.4a*; G.GSRT.4b*)
a. MathBits Notebook: Side Splitter Theorem Practice

Using Congruence and Similarity Criteria for Triangles to Solve Problems (G.GSRT.5%)
a. lllustrative Mathematics: Unit Squares and Triangles
b. lllustrative Mathematics: Points from Directions
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http://betterlesson.com/lesson/525753/assessment-for-sweet-similar-shapes
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Geometry-Unit-2.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Geometry-Unit-2.pdf
http://mathbitsnotebook.com/Geometry/Similarity/SMSimilarPractice.html
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Geometry-Unit-2.pdf
http://mathbitsnotebook.com/Geometry/Similarity/SMdilationLinesPractice.html
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Geometry-Unit-2.pdf
http://mathbitsnotebook.com/Geometry/Similarity/SMSideSplitterPractice.html
https://www.illustrativemathematics.org/content-standards/HSG/SRT/B/5/tasks/918
https://www.illustrativemathematics.org/content-standards/HSG/SRT/B/5/tasks/1002
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Geometry Unit 5 Title

Right Triangles and Trigonometry

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e G.GSRT.4c* - Prove, and apply in mathematical and real-world contexts, theorems involving similarity about triangles, including the
following: The square of the hypotenuse of a right triangle is equal to the sum of squares of the other two sides.
o Prove and use the Pythagorean Theorem
o Include special right triangles, 45-45-90 and 30-60-90
e G.GSRT.6* - Understand how the properties of similar right triangles allow the trigonometric ratios to be defined and determine the sine,
cosine, and tangent of an acute angle in a right triangle.
e G.GSRT.7 - Explain and use the relationship between the sine and cosine of complementary angles.
e G.GSRT.8* - Solve right triangles in applied problems using trigonometric ratios and the Pythagorean Theorem.
o Include angle of elevation and angle of depression problems.
e G.GM.1* - Use geometric shapes, their measures, and their properties to describe real-world objects.
o Include shapes, measures, and properties applicable to this unit.
e G.GM.2 - Use geometry concepts and methods to model real-world situations and solve problems using a model.
o Include concepts and methods applicable to this unit.
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New Academic Vocabulary for This Unit

e Cosine
e Sine
e Tangent

e Trigonometry
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Prior Knowledge Required for this Unit

In earlier grades, students have developed conceptual knowledge and have had the opportunity to learn how to:

e Transform and apply the Pythagorean Theorem particularly as it relates to rational and irrational squares (8.EEI.2a, b, and d).
e Similar Triangles (Geometry, Unit 4, G.GSRT.2*, G.GSRT.3*, G.GSRT.5%)
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Subsequent Knowledge Related to this Unit

Student will use their basic knowledge of the trigonometric ratios to explore trigonometric functions in Pre-Calculus. Students will extend their
knowledge of the trigonometric ratios as they relate them to the unit circle and will define the other trigonometric ratios in terms of sine and
cosine. In addition, students will explore the Law of Sines and the Law of Cosines (PC.FT. 4, PC.FT.5, and PC.FT.6).
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Relationship Among Standards in this Unit

In this unit, students will be introduced to basic right triangle trigonometry for the first time. Students will use their knowledge of similar triangles
and the Pythagorean Theorem to define the trigonometric ratios of sine, cosine, and tangent (G.GSRT.4c*, G.GSRT.6*). They will also use their
knowledge of the complementary angles in a right triangle to explore the relationship between the sine and cosine of complementary angles
(G.GSRT.7). Using their knowledge of the basic trig ratios and the Pythagorean Theorem, students will solve real — world problems involving right
triangle trig (G.GSRT.8%, G.GM.1*, G.GM.2).
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 5.

Right Triangles, Similarity, and Trig Ratios (G. GSRT.4c*, G.GSRT.6%)
MathBitsNotebook: Pythagorean Theorem
West Contra: Pythagorean Theorem and lts Converse
Kahn Academy: Triangle Similarity and the Trig Ratios
IXL Learning Inc: Trigonometric Ratio in Similar Right Triangles Practice
Kahn Academy: Introduction to the Trig Ratios
Kahn Academy: Finding Trig Ratios in Right Triangles
VirtualNerd: 30-60-90 Special Right Triangle
VirtualNerd: 45-45-90 Special Right Triangle
VirtualNerd: Finding Missing Side in 30-60-90
VirtualNerd: Finding Missing Side in 45-45-90
West Contra Costa Unified School District: Intro to Trig Ratios
Regents Prep: Solving for a Side
. Math Is Fun: Finding a Side
n. Mathematics Vision Project: Similarity and Right Triangles pages 24 - 31

3T AT TS0 000 T

Trigonometric Ratios and Complementary Angles (G.GSRT.7)
a. MathBitsNotebook: Sine and Cosine of Complementary Angles
b. Kahn Academy: Showing the Relationship between the Sine and Cosine of Complements
c. EngageNY: Sine and Cosine of Complementary Angles

Solving Real-world Problems involving Right Triangle Trigonometry and the Pythagorean Theorem (G.GSRT.8*, G.GM.1*, G.GM.2)
MathBitsNotebook: Trigonometry Word Problems

Kahn Academy: Angles of Elevation and Depression

VirtualNerd: How to Solve a Problem using an Angle of Elevation

TeachEngineering: Trig River

oo oo
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http://mathbitsnotebook.com/Geometry/RightTriangles/RTpythagorean.html
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/geometry%20lessons/PythagoreanTheoremV2.pdf
https://www.khanacademy.org/math/trigonometry/trigonometry-right-triangles/trig-ratios-similarity/v/similarity-to-define-sine-cosine-and-tangent
https://www.ixl.com/math/geometry/trigonometric-ratios-in-similar-right-triangles
https://www.khanacademy.org/math/trigonometry/trigonometry-right-triangles/intro-to-the-trig-ratios/v/basic-trigonometry
https://www.khanacademy.org/math/trigonometry/trigonometry-right-triangles/intro-to-the-trig-ratios/a/finding-trig-ratios-in-right-triangles
http://www.virtualnerd.com/geometry/right-triangles-trigonometry/special/30-60-90-definition
http://www.virtualnerd.com/geometry/right-triangles-trigonometry/special/45-45-90-triangle-definition
http://www.virtualnerd.com/geometry/right-triangles-trigonometry/special/30-60-90-triangle-example
http://www.virtualnerd.com/geometry/right-triangles-trigonometry/special/45-45-90-triangle-example
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/geometry%20lessons/IntroToTrigFunctionsV3.pdf
http://www.regentsprep.org/regents/math/algebra/at2/ltrig.htm
https://www.mathsisfun.com/algebra/trig-finding-side-right-triangle.html
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec2_mod6_simtrig_se_83113.pdf
http://mathbitsnotebook.com/Geometry/Trigonometry/TGTrigSineCosine.html
https://www.khanacademy.org/math/trigonometry/trigonometry-right-triangles/sine-and-cosine-of-complementary-angles/v/showing-relationship-between-cosine-and-sine-of-complements
file:///C:/Users/sabel/Downloads/geometry-m2-topic-e-lesson-27-teacher.pdf
http://mathbitsnotebook.com/Geometry/Trigonometry/TGElevDepress.html
https://www.khanacademy.org/math/trigonometry/trigonometry-right-triangles/modeling-with-right-triangles/a/angles-of-elevation-and-depression
http://www.virtualnerd.com/geometry/right-triangles-trigonometry/angles-elevation-depression/solve-angle-elevation
https://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_navigation/cub_navigation_lesson03_activity2.xml
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Resources

EngageNY: Geometry
Illustrative Mathematics: High School Geometry

IXL Learning Inc: Geometry

Kahn Academy: Geometry
MathBitsNotebook: Geometry - Trigconometry
MathematicsVisionProject: Right Triangle Trig
MathisFun: Trigonometry

RegentsPrep: Trigonometry

TeachEngineering: Trigonometry
VirtualNerd: Geometry Right Triangle Trig

West Contra Costa Unified School District: Geometry
Yukon Education: Trigonometry
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https://www.engageny.org/resource/high-school-geometry
https://www.illustrativemathematics.org/content-standards/HSG/SRT/B/5/tasks/1002
https://www.ixl.com/math/geometry
https://www.khanacademy.org/math/geometry
http://mathbitsnotebook.com/Geometry/Trigonometry/TGoutline.html
http://www.mathematicsvisionproject.org/uploads/1/1/6/3/11636986/sec2_mod6_simtrig_se_83113.pdf
https://www.mathsisfun.com/algebra/trig-finding-side-right-triangle.html
http://www.regentsprep.org/regents/math/algebra/at2/ltrig.htm
https://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_navigation/cub_navigation_lesson03_activity2.xml
http://www.virtualnerd.com/geometry/all
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/geometry%20lessons/IntroToTrigFunctionsV3.pdf
file://///MSFS01/Users/LBoozer/Mathematics/Math%20Resources/Phase%202%202015-16%20Support%20Document%20Team/HS%20Team/Trigonometry%20Tasks%20from%20Edmonton%20Public%20Schools.doc
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Sample Formative Assessment Tasks/Questions

Right Triangles, Similarity, and Trig Ratios (G. GSRT.4c*, G.GSRT.6%)
a. Georgia Department of Education: Discovering Trigonometric Ratio Relationships
b. Georgia Department of Education: Finding that Side or Angle
c. lllustrative Mathematics: Defining Trig Ratios
d. MathBitsNotebook: Trigonometry Numerical Practice

Trigonometric Ratios and Complementary Angles (G.GSRT.7)
a. lllustrative Mathematics: Sine and Cosine of Complementary Angles
b. MathBitsNotebook: Sine and Cosine of Complementary Angles Practice

Solving Real-world Problems involving Right Triangle Trigonometry and the Pythagorean Theorem (G.GSRT.8*, G.GM.1*, G.GM.2)
Georgia Department of Education: Hypsometer Activity

Georgia Department of Education: Formative Assessment: Right Triangles in Your Environment

[llustrative Mathematics: Setting Up Sprinklers

MathBitsNotebook: Trig Word Problem Practice

Yukon Education: Applications of Trig Ratios

Yukon Education: Designing a Solution

hOD OO0 T o
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https://www.georgiastandards.org/Georgia-Standards/Frameworks/Geometry-Unit-3.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Geometry-Unit-3.pdf
https://www.illustrativemathematics.org/content-standards/HSG/SRT/C/6/tasks/1635
http://mathbitsnotebook.com/Geometry/Trigonometry/TGNumericalPractice.html
https://www.illustrativemathematics.org/content-standards/HSG/SRT/C/7/tasks/1443
http://mathbitsnotebook.com/Geometry/Trigonometry/TGSineCosinePractice.html
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Analytic-Geometry-Unit-2.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Geometry-Unit-3.pdf
https://www.illustrativemathematics.org/content-standards/HSG/SRT/C/8/tasks/607
http://mathbitsnotebook.com/Geometry/Trigonometry/TGWordPractice.html
file://///MSFS01/Users/LBoozer/Mathematics/Math%20Resources/Phase%202%202015-16%20Support%20Document%20Team/HS%20Team/Trigonometry%20Tasks%20from%20Edmonton%20Public%20Schools.doc
file://///MSFS01/Users/LBoozer/Mathematics/Math%20Resources/Phase%202%202015-16%20Support%20Document%20Team/HS%20Team/Trigonometry%20Tasks%20from%20Edmonton%20Public%20Schools.doc
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Geometry Unit 6 Title

Area and Volume

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e G.GCIL.5* Derive the formulas for the length of an arc and the area of a sector in a circle and apply these formulas to solve mathematical and
real-world problems.
o Develop understanding of circle circumference and area formulas and then apply a fractional part to generate corresponding arc
length and sector area formulas.
o Model both explicit formula calculation and proportional reasoning of total circumference or area compared to 360 degrees for
student understanding and application in solving for unknown parts or whole.
o Apply arc length or sector area to calculate whole circumference or area in applicable problems.
o Extend to arc-segment area calculation from sector area such that the included triangle area is subtracted from the total sector area
to find remaining arc-segment area.
e G.GCO.1* Define angle, perpendicular line, parallel line, line segment, ray, circle, and skew in terms of the undefined notions of point, line,
and plane. Use geometric figures to represent and describe real-world objects.
o Connect coplanar concepts and terminology into modeled two and three dimensional figures and real world applications.
e G.GCO.11* Construct geometric figures using a variety of tools, including a compass, a straightedge, dynamic geometry software, and paper
folding, and use these constructions to make conjectures about geometric relationships.
o Perform constructions such as a regular hexagon or creating a platonic (regular polyhedron) to enrich understanding of geometry
figures.
e G.GGPE.7* Use the distance and midpoint formulas to determine distance and midpoint in a coordinate plane, as well as areas of triangles
and rectangles, when given coordinates.
o Apply distance formula to calculate area of triangles, rectangles, and other combination of 2-dimensional figures.
e G.GGMD.1* - Explain the derivations of the formulas for the circumference of a circle, area of a circle, and volume of a cylinder, pyramid,
and cone. Apply these formulas to solve mathematical and real-world problems.
o Understand that 7 is defined as circumference divided by diameter; hence, circumference of a circle derives from this definition.
o Connect square unit foundational rectangular, triangle, parallelogram area concepts to model and derive area of circle.
o Extend cubic unit foundational prism into volume of cylinder formula.
o Connect cubic unit foundational prism and cylinder and related to 1/3 relationship to corresponding Base Area and height of pyramid
and cone.
o Apply volume formulas in modeled and real life applications, including varied dimensions and comparisons to other like and unlike
solids.
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e G.GGMD.2 - Explain the derivation of the formulas for the volume of a sphere and other solid figures using Cavalieri’s principle.
e G.GGMD.3* - Apply surface area and volume formulas for prisms, cylinders, pyramids, cones, and spheres to solve problems and justify
results. Include problems that involve algebraic expressions, composite figures, geometric probability, and real-world applications.
o Apply volume and surface area in modeled and real life applications
e G.GGMD.4* - Describe the shapes of two-dimensional cross-sections of three-dimensional objects and use those cross-sections to solve
mathematical and real-world problems.
o Relate cross-sections to foundational area concepts
o Relate cross-sections area with surface area and volume.
e G.GM.1* - Use geometric shapes, their measures, and their properties to describe real-world objects.
o Include area of faces of solids and relate to surface area.
o Relate composite area, circle-sector area, surface area and volume to real-world applications.
e G.GM.2 - Use geometry concepts and methods to model real-world situations and solve problems using a model.
o Include area of faces of solids and relate to surface area.
o Relate composite area, circle-sector area, surface area and volume to real-world applications.
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New Academic Vocabulary for This Unit

Arc

Arc length

Cavalieri’s Principle

Geometric Probability

Sector Area

Segment (Sector-Segment) Area
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Prior Knowledge Required for this Unit

Students should be able to identify and apply appropriate area formulas for rectangles, triangles, and other quadrilaterals, and understand
the composite combination of rectangular and triangular area in generating common polygon formulas (Grade 3to 5, 6.GM.1, and 7.GM.6).
Students should understand the proportional relationship between the constant = and radius-diameter and circumference, and be able to
use both circumference and area formulas for circle in application and real-life situations (7.GM.4).

Students should be able to recognize scale model to actual measurement and how area relates to those situations. (7.GM.1).

Student possess appropriate unit measurement understanding and are able to develop and use circumference and area formulas for circles,
general polygons and solids (7.GM.4 and 7.GM.6).

Students should be able to unfold three dimensional solids into two dimensional nets (6.GM.4 and 7.GM.6).

Students should recall Unit 2 Triangles and Unit 3 Quadrilaterals specifics such as altitude (height) or diagonals and recognize key features
within polygons, including regular polygons (Units 2 and 3).

Students should recall Unit 5 Right Triangles to find corresponding measures utilized in area, surface area, and volume formulas (G.GCI.5*
and G.GGMD.3*).

Student should have foundational construction skills and experience in applications, such as inscribing and circumscribing circles and
creating a square (Units 1 — 3 and G.GCO.11%*).

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 428




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Geometry Unit 6: Area and Volume
Return to High School Overview, High School Table of Contents, or Geometry Coversheet

Subsequent Knowledge Related to this Unit

e Students will apply concept of constructions and arc within the unit on circles (Unit 7).
e Students again analyze the development of arc length formulas in Pre-Calculus (PC.GCI.5%*)
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Relationship Among Standards in this Unit

The relationship of standards within this unit begins first with an understanding that for many students they have not worked with Area and Volume
in application or discovery since Grade 7 and before that in grades 3 through 5, as indicated by South Carolina mathematics standards (7.GM.1,
7.GM.4, 7.GM.6 and Grades 3 to 5). Continued scaffolding of dimensional measurement concepts of length, area, and volume (as first seen in
Grades 3 to 5 and then 7.GM.6) are once again built upon to develop in-depth understanding of appropriate unit measurement and the
development of circumference and area formulas for circles, general polygons and solids (7.GM.4; 7.GM.6) and extended into circles, cylinders,
cones, and spheres and apply the Cavalieri’s principle to those figures and other solids (G.GGMD.1*; G.GGMD.2). The applications of geometric
probability and constructions both enrich the previous geometric formula applications in modeled and real life applications, and create new
avenues of study. Finally, the concepts of arc length, sector area, and arc-section area formulas are developed and area calculations of sector and
arc-section can be calculated (G.GCI.5%*).
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 6.

Foundational Review of Area and Square Units (Grade 7 standards G.GCO.1*, G.GM.1*, G.GM.2, G.GGMD.4*)
a. Khan Academy: Rectangular & Parallelogram Area video

b. Khan Academy: Triangle Area applet
c. Khan Academy: Area of Composite Figure-1 video

d. Khan Academy: Area and Perimeter of Composite Figure-2 video

e. NCTM llluminations: Review of Foundational Area Concepts

Coordinate Grid Area (G.GCO.1*, G.GGPE.7%*)
a. Coordinate Grid and Perimeter & Area
MathBitsNotebook Coordinate Perimeter & Area

Open Math Reference:
Open Math Reference:
Open Math Reference:
Open Math Reference:
Open Math Reference:
Open Math Reference:

Coordinate Triangle Area-Boxing by “rectangular boxing”

Coordinate Triangle Area-Boxing by “rectangular boxing” applet

Coordinate Triangle Area

Coordinate Triangle Area applet

Coordinate Rectangle Area

Coordinate Rectangle Area applet

Khan Academy: Coordinate Area of Quadrilaterals video

b. Explore: Relating Coordinate Grid and Area Concept
NRICH: http://nrich.maths.org/2293

c. Explore: Coordinate Area for Polygons

Open Math Reference:
Open Math Reference:

Polygon Area
Polygon Area applet
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https://www.khanacademy.org/math/geometry/basic-geometry/perimeter-area-tutorial/v/intuition-for-area-of-a-parallelogram
https://www.khanacademy.org/math/geometry/basic-geometry/perimeter-area-tutorial/a/area-of-triangle
https://www.khanacademy.org/math/geometry/basic-geometry/area-non-standard/v/area-breaking-up-shape
https://www.khanacademy.org/math/geometry/basic-geometry/area-non-standard/v/perimeter-and-area-of-a-non-standard-polygon
http://illuminations.nctm.org/Unit.aspx?id=6484
http://mathbitsnotebook.com/Geometry/CoordinateGeometry/CGArea.html
http://www.mathopenref.com/coordtriangleareabox.html
http://www.mathopenref.com/common/appletframe.html?applet=coordtrianglebox&wid=600&ht=400
http://www.mathopenref.com/coordtrianglearea.html
http://www.mathopenref.com/common/appletframe.html?applet=coordtrianglearea&wid=600&ht=400
http://www.mathopenref.com/coordrectareaperim.html
http://www.mathopenref.com/common/appletframe.html?applet=coordrectareaperim&wid=600&ht=350
https://www.khanacademy.org/math/geometry/basic-geometry/area-non-standard/v/area-of-strange-quadrilateral
http://nrich.maths.org/2293
http://www.mathopenref.com/coordpolygonarea.html
http://www.mathopenref.com/common/appletframe.html?applet=coordpolygonarea&wid=600&ht=350
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Circle Circumference & Area including Arcs & Sectors (G.GCO.1*, G.GCIL.5*, G.GGMD.1*, G.GGMD.4*, G.GM.1*, G.GM.2)
a. Review of Circle Circumference and its relationship to m definition
7 discussion at http://www.angio.net/pi/piquery
Virtual Nerd: 22l and Circumference discussion
Khan Academy: 1z[?, diameter, and circumference relationship
b. Arc Length, Sector Area and Annulus
MathBitsNotebook: Arc Length
MathBitsNotebook: Sector Area
NY Regents: Sector Area and Sector-Segment Area notes
Open Math Reference: Sector Area
Open Math Reference: Sector Area applet
Open Math Reference: Sector-Segment Area
Open Math Reference: Sector-Segment Area applet
School Yourself: Earth Circumference application
c. Enrichment: Annulus
Open Math Reference Annulus Area
Open Math Reference Annulus Area applet

Understanding and Applying Volume of Prisms and Cylinders (G.GCO.1*, G.GGMD.1*, G.GGMD.2, G.GGMD.3*, G.GGMD.4*, G.GM.1*, G.GM.2)

a. Foundations of Volume
Virtual Nerd: Nets and Nets & Solids videos
Virtual Nerd: What is Volume? Video
MathBitsNotebook: Polyhedra
Open Math Reference: Cubic Units
b. Volume Calculation
MathBitsNotebook: Prisms and Cylinders V=Hh notes
Virtual Nerd: Volume Formulas for Prism and Cylinder videos
Virtual Nerd: Rectangular Prism, Triangular Prism, and Cylinder volume videos
Open Math Reference: Cylinder Volume
Open Math Reference: Cylinder Volume applet
Open Math Reference: Cylinder Partial Volume
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http://www.angio.net/pi/piquery
http://www.virtualnerd.com/geometry/lhttp:/www.virtualnerd.com/geometry/length-area/circumference-arc-length/circlue-circumference-formula
https://www.khanacademy.org/math/geometry/basic-geometry/circum-area-circles/v/circles-radius-diameter-and-circumference
http://mathbitsnotebook.com/Geometry/Circles/CRArcLengthRadian.html
http://mathbitsnotebook.com/Geometry/Circles/CRAreaSegmentsSectors.html
http://www.regentsprep.org/Regents/math/geometry/GP16/CircleSectors.htm
http://www.mathopenref.com/arcsectorarea.html
http://www.mathopenref.com/common/appletframe.html?applet=arcsectorarea&wid=600&ht=300
http://www.mathopenref.com/segmentarea.html
http://www.mathopenref.com/common/appletframe.html?applet=segmentarea&wid=600&ht=350
https://schoolyourself.org/learn/geometry/earth-size
http://www.mathopenref.com/annulusarea.html
http://www.mathopenref.com/common/appletframe.html?applet=annulusarea&wid=600&ht=350
http://www.virtualnerd.com/geometry/surface-area-volume-solid/introduction/definition-net
http://www.virtualnerd.com/geometry/surface-area-volume-solid/introduction/three-dimensional-figure-from-net
http://www.virtualnerd.com/geometry/surface-area-volume-solid/prisms-cylinders-volume/volume-definition
http://mathbitsnotebook.com/Geometry/3DShapes/3DPolyhedra.html
http://www.mathopenref.com/cubevolume.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DPrisms.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DCylinders.html
http://www.virtualnerd.com/geometry/surface-area-volume-solid/prisms-cylinders-volume/prism-volume-formula
http://www.virtualnerd.com/geometry/surface-area-volume-solid/prisms-cylinders-volume/cylinder-volume-formula
http://www.virtualnerd.com/geometry/surface-area-volume-solid/prisms-cylinders-volume/rectangular-prism-volume-example
http://www.virtualnerd.com/geometry/surface-area-volume-solid/prisms-cylinders-volume/triangular-prism-volume-example
http://www.virtualnerd.com/geometry/surface-area-volume-solid/prisms-cylinders-volume/cylinder-volume-example
http://www.mathopenref.com/cylindervolume.html
http://www.mathopenref.com/common/appletframe.html?applet=cylindervolume&wid=600&ht=350
http://www.mathopenref.com/cylindervolpartial.html
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Khan Academy: Prism Volume video
Khan Academy: Cylinder Volume & Surface Area video

Understanding and Applying Volume of Pyramids and Cones (G.GCO.1*, G.GGMD.1*, G.GGMD.2, G.GGMD.3*, G.GGMD.4*, G.GM.1*, G.GM.2)
a. Volume Calculation
MathBitsNotebook: Prisms and Cones V=1/3Bh notes
Virtual Nerd: Volume Formulas for Pyramid and Cone videos
Virtual Nerd: Rectangular Pyramid, Triangular Pyramid, and Cone volume videos
Open Math Reference: Pyramid Volume
Open Math Reference: Pyramid Volume applet
Khan Academy: Cone Volume
School Yourself: Cone Volume
School Yourself: Pyramid Volume Explanation (connects Cavalieri’s Principle)
b. Composite Figures Volume
Virtual Nerd: Finding Volume of a Composite Figure
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https://www.khanacademy.org/math/geometry/basic-geometry/volume-tutorial/v/solid-geometry-volume
https://www.khanacademy.org/math/geometry/basic-geometry/volume-tutorial/v/cylinder-volume-and-surface-area
http://mathbitsnotebook.com/Geometry/3DShapes/3DPyramids.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DCones.html
http://www.virtualnerd.com/geometry/surface-area-volume-solid/pyramids-cones-volume/pyramid-volume-formula
http://www.virtualnerd.com/geometry/surface-area-volume-solid/pyramids-cones-volume/cone-volume-formula
http://www.virtualnerd.com/geometry/surface-area-volume-solid/pyramids-cones-volume/rectangular-pyramid-volume-example
http://www.virtualnerd.com/geometry/surface-area-volume-solid/pyramids-cones-volume/triangular-pyramid-volume-example
http://www.virtualnerd.com/geometry/surface-area-volume-solid/pyramids-cones-volume/cone-volume-example
http://www.mathopenref.com/pyramidvolume.html
http://www.mathopenref.com/common/appletframe.html?applet=pyramidvolume&wid=600&ht=350
https://www.khanacademy.org/math/geometry/basic-geometry/volume-tutorial/v/volume-cone-example
https://schoolyourself.org/learn/geometry/cone-volume
https://schoolyourself.org/learn/geometry/pyramid-volume
http://www.virtualnerd.com/geometry/surface-area-volume-solid/pyramids-cones-volume/composite-figure-volume-example
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Understanding and Applying Surface Area (G.GCO.1*, G.GGMD.2, G.GGMD.4*, G.GM.1*, G.GM.2)
a. Foundations of Surface Area
Virtual Nerd: Nets and Nets & Solids videos

MathBitsNotebook: Polyhedra

Open Math Reference:

Surface Area

Khan Academy: Polyhedra nets

b. Volume Calculation

MathBitsNotebook: Prisms, Cylinder, Pyramids, and Cones see surface area notes

Virtual Nerd: Rectangular Prism, Cylinder, Pyramid and Cones lateral and surface area videos

Virtual Nerd: Slant Height of Pyramids and Cones video

Open Math Reference:
Open Math Reference:
Open Math Reference:
Open Math Reference:

Open Math Reference

Open Math Reference:

Cylinder Surface Area Formula Foundation

Cylinder Surface Area Formula Foundation applet

Pyramid Area Formula Foundation

Pyramid Area Formula Foundation applet

: Slant Height Comparisons

Slant Height Comparisons applet

Khan Academy: Cylinder Volume & Surface Area video

School Yourself: Prism Surface Area

School Yourself: Pyramid Surface Area

School Yourself: Cylinder Surface Area

School Yourself: Cone Surface Area

matematicasVisuales: Prisms visual nets, applets, and formula notes
matematicasVisuales: Cylinder visual nets, applets, and formula notes
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http://www.virtualnerd.com/geometry/surface-area-volume-solid/introduction/definition-net
http://www.virtualnerd.com/geometry/surface-area-volume-solid/introduction/three-dimensional-figure-from-net
http://mathbitsnotebook.com/Geometry/3DShapes/3DPolyhedra.html
http://www.mathopenref.com/cubearea.html
https://www.khanacademy.org/math/geometry/basic-geometry/surface-area-hs/v/nets-of-polyhedra
http://mathbitsnotebook.com/Geometry/3DShapes/3DPrisms.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DCylinders.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DPyramids.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DCones.html
http://www.virtualnerd.com/geometry/surface-area-volume-solid/prisms-cylinders-area/calculate-surface-area-rectangular-prism-net
http://www.virtualnerd.com/geometry/surface-area-volume-solid/prisms-cylinders-area/cylinder-lateral-surface-areas
http://www.virtualnerd.com/geometry/surface-area-volume-solid/pyramids-codes-area/regular-pyramid-lateral-surface-areas
http://www.virtualnerd.com/geometry/surface-area-volume-solid/pyramids-codes-area/cone-lateral-surface-areas
http://www.virtualnerd.com/geometry/surface-area-volume-solid/pyramids-codes-area/cone-lateral-surface-areas-without-slant-height
http://www.mathopenref.com/cylinderarea.html
http://www.mathopenref.com/common/appletframe.html?applet=cylinderarea&wid=600&ht=300
http://www.mathopenref.com/pyramidarea.html
http://www.mathopenref.com/common/appletframe.html?applet=pyramidarea&wid=600&ht=350
http://www.mathopenref.com/coneslantheight.html
http://www.mathopenref.com/common/appletframe.html?applet=coneslantheight&wid=600&ht=350
https://www.khanacademy.org/math/geometry/basic-geometry/volume-tutorial/v/cylinder-volume-and-surface-area
https://schoolyourself.org/learn/geometry/prism-surface
https://schoolyourself.org/learn/geometry/pyramid-surface
https://schoolyourself.org/learn/geometry/cylinder-surface
https://schoolyourself.org/learn/geometry/cone-surface
http://www.matematicasvisuales.com/english/html/geometry/planenets/prismas.html
http://www.matematicasvisuales.com/english/html/geometry/planenets/cylinder.html
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Spheres and Cavalieri’s Principle (G.GCO.1*, G.GGMD.4*, G.GM.1*, G.GM.2)

a.

Sphere Concept and Cavalieri’s Principle

MathBitsNotebook: Sphere Surface Area and Volume notes

Virtual Nerd: Surface Area of Sphere concept

Virtual Nerd: Surface Area of Sphere calculation

Virtual Nerd: Volume of Sphere concept

Virtual Nerd: Volume of Sphere calculation

Open Math Reference: Surface Area and Volume of Sphere

Open Math Reference: Surface Area and Volume of Sphere apples

School Yourself: Sphere Volume and Surface Area

Cavalieri’s Principle

MathBitsNotebook: Cavalieri’s Principle notes

School Yourself: Cavalieri’s Principle Prisms, Cylinders, Pyramids, and Cones
School Yourself: Cavalieri’s Principle Spheres

matematicasVisuales: Sphere Volume Formula with Cavalier’s Principle notes and applets
Extensions

MathBitsNotebook: Rotational Area and Volume notes
matematicasVisuales: Barrel Volume applets

Constructions (G.GCO.11%)

Possible: MathBitsNotebook: Constructing a Regular Hexagon
Possible: Math Is Fun: Manipulating Platonic Solids
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http://mathbitsnotebook.com/Geometry/3DShapes/3DSpheres.html
http://www.virtualnerd.com/geometry/surface-area-volume-solid/spheres/sphere-surface-area-formula
http://www.virtualnerd.com/geometry/surface-area-volume-solid/spheres/sphere-lateral-surface-areas
http://www.virtualnerd.com/geometry/surface-area-volume-solid/spheres/sphere-volume-formula
http://www.virtualnerd.com/geometry/surface-area-volume-solid/spheres/sphere-volume-example
http://www.mathopenref.com/spherearea.html
http://www.mathopenref.com/spherevolume.html
http://www.mathopenref.com/common/appletframe.html?applet=spherearea&wid=600&ht=350
http://www.mathopenref.com/common/appletframe.html?applet=spherevolume&wid=600&ht=350
https://schoolyourself.org/learn/geometry/sphere-surface
http://mathbitsnotebook.com/Geometry/3DShapes/3DCavalieri.html
https://schoolyourself.org/learn/geometry/cavalieri-3d
https://schoolyourself.org/learn/geometry/sphere-volume
http://www.matematicasvisuales.com/english/html/history/cavalieri/cavalierisphere.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DRotations.html
http://www.matematicasvisuales.com/english/html/history/kepler/keplerbarrel.html
http://mathbitsnotebook.com/Geometry/Constructions/CCconstructionHex.html
http://www.mathsisfun.com/platonic_solids.html
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Resources

e Cliff Notes Math: Geometry

e Emergent Math: Emergent Math

e EngageNY: Geometry

e Georgia Department of Education, Standards and Teacher Support: Geometry
e Grade A Math Help: Geometry

e Grade A Math Help: Geometry Resources

e |lluminations: Grades 9 - 12 Resources

e Khan Academy: Geometry

e matematicasVisuales: Geometry

e Math Education Page: Geometry Book of Labs

e Math Education Page: Sum of the Angles in a Triangle

e Math Goodies: Math Goodies

e Math Open Reference: Geometry Resources

e MathBitsNotebook: Geometry Online Study Resources

e Mathematics Assessment Project — Mathematics Assessment Resource Service: Homepage
e West Contra Costa Unified School District: Geometry

e Virtual Nerd: Geometry Skills Videos
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http://www.cliffsnotes.com/math/geometry
http://emergentmath.com/
https://www.engageny.org/resource/high-school-geometry
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.gradeamathhelp.com/free-geometry-help.html
http://www.gradeamathhelp.com/free-geometry-worksheets.html
http://illuminations.nctm.org/Search.aspx?view=search&type=ls&gr=9-12
https://www.khanacademy.org/math/geometry
http://www.matematicasvisuales.com/english/html/geometry/geometry.html
http://www.mathedpage.org/geometry-labs/index.html
http://www.mathedpage.org/constructions/sum/index.html
http://www.mathgoodies.com/
http://www.mathopenref.com/index.html
http://mathbitsnotebook.com/Geometry/Geometry.html
http://map.mathshell.org/
http://www.wccusd.net/Page/3225
http://www.virtualnerd.com/geometry/all
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Sample Formative Assessment Tasks/Questions

Coordinate Grid Area (G.GGPE.7%*)

a.

MathbitsNotebook: Practice with Coordinate Area and Perimeter

b. Khan Academy: Area of Coordinate Triangle

Circle Circumference & Area including Arcs & Sectors (G.GCI.5*, G.GGMD.1%*)

a.

Georgia Department of Education: Geometry Unit 4

Applying Surface Area and Volume (G.GCO.1*, G.GGMD.1*, G.GGMD.2, G.GGMD.3*, G.GGMD.4*, G.GM.1*, G.GM.2)

a.

b.
c.
d

EngageNY: Prisms & Cylinders and Pyramids & Cones

MathBitsNotebook: Applied Problems and Modeling Volume Questions
MathBitsNotebook: Cross-Sectional
MathBitsNotebook: Prisms & Cylinders, Pyramids & Cones, Spheres, and Cavalieri’s Principle
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http://mathbitsnotebook.com/Geometry/CoordinateGeometry/CGAreaPractice.html
https://www.khanacademy.org/math/geometry/basic-geometry/area-non-standard/e/area-of-triangles-2
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Geometry-Unit-4.pdf
https://www.engageny.org/resource/geometry-module-3-topic-b-lesson-6
https://www.engageny.org/resource/geometry-module-3-topic-b-lesson-7
http://mathbitsnotebook.com/Geometry/Modeling/MDModelingPractice.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DCrossSectionPractice.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DPrismCylinderPractice.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DPyramidConePractice.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DSpherePractice.html
http://mathbitsnotebook.com/Geometry/3DShapes/3DCavalieriPractice.html
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Geometry Unit 7 Title

Circles
Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e G.GGPE.1* Understand that the standard equation of a circle is derived from the definition of a circle and the distance formula.
o ldentify center and radius as reading standard equation of a circle.
o Write circle of equation in standard form as viewing a circle, and find such parts as specific criteria is given such as the center and a
point on the circle.
o Sketch a graph of a circle when given or finding a center and radius of a circle.
o Possible extension could build upon “completing the square” algebra skills to set-up the equation of a circle written in standard form.
e G.GCl.1 Prove that all circles are similar.
o Relate Triangle Similarity tests to extend to circles to verify that all circles are similarity.
o Relate dilation of circle to demonstrate that all circle are similar.
e G.GCIl.2* Identify and describe relationships among inscribed angles, radii, and chords; among inscribed angles, central angles, and
circumscribed angles; and between radii and tangents to circles. Use those relationships to solve mathematical and real-world problems.
o Relate radius to tangent as same point is perpendicular, and extending into right triangles.
o Relate congruent chords as being equidistance from center and congruent chords forming congruent arcs.
o Discover that the diameter drawn perpendicular to any chord is its perpendicular bisector, and any chord’s perpendicular bisector is a
diameter of a circle.
o Define and relate intercept arc with central and inscribed angles.
o Find corresponding arc and angle measures of central and inscribe angles, angles formed by tangent and chords, and two intersecting
chords.
o Find corresponding arc and angle measures of angles formed by two secants, two tangents, and by a tangent and secant.
o Apply triangle similarity to develop a means for calculating lengths of segments formed by intersecting chords.
o Find corresponding secant and tangent segment lengths as two of which are drawn to a circle from an exterior point.
e G.GCI.3 Construct the inscribed and circumscribed circles of a triangle using a variety of tools, including a compass, a straightedge, and
dynamic geometry software, and prove properties of angles for a quadrilateral inscribed in a circle.
o Extend upon constructions developed in Unit 3 and related to new vocabulary and properties associated within this unit.
o Connect measure of inscribed angles to verify that opposite angles in an inscribed quadrilateral are supplementary.
e G.GCl.4 Construct a tangent line to a circle through a point on the circle, and construct a tangent line from a point outside a given circle to
the circle; justify the process used for each construction.
e G. GCO.1* Define angle, perpendicular line, parallel line, line segment, ray, circle, and skew in terms of the undefined notions of point, line,
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and plane. Use geometric figures to represent and describe real-world objects.

e G.GM.1* Use geometric shapes, their measures, and their properties to describe real-world objects.
o Connect circle chord-diameter relationship to identify location of equidistant “center” from three points.
o Recognize various real-world examples as they apply to concepts associated with circles.

e G.GM.2 Use geometry concepts and methods to model real-world situations and solve problems using a model.
o Connect circle chord-diameter relationship to find the location which is equidistant from three points.

e G.GSRT.5* Use congruence and similarity criteria for triangles to solve problems and prove relationships in geometry figures.
o Relate triangle similarity to verify segments formed by intersecting chords.
o Apply HL Triangle Congruence to verify various relationships within a circle, such as two tangents drawn from an exterior point are

congruent.

o Solve for various measurements within real-world examples as they apply to concepts associated with circles.
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New Academic Vocabulary for This Unit
e Inscribed angle
e Chord of a circle
e Central angle
e Tangent of a circle
e Secant of a circle
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Prior Knowledge Required for this Unit

e Students should be able to Investigate the concept of circles (7.GM.4).

e Students should related circumscribe and inscribed to concepts found within this unit (G.GGCI.3 and Unit 2).

e Students should extend conceptual understanding of arc as gained in Unit 6 (G.GCI.5* and Unit 6).

e Students understand angle interior and exterior angle relationships within triangles and quadrilaterals (Unit 2 and Unit 3).
e Students should be able to verify triangle similarity and apply generate corresponding segment lengths (Unit 4).

e Students understand language of “Tangent” from Right Triangle Trigonometry (Unit 5).

e Students should be able to apply Right Triangle geometry to find missing angle and segment lengths (Unit 5).

e Students understand the area and arc length as how they relate to circles (Unit 6).

e Students should apply methods of solving quadratic equations as gained in Algebra One (AREI.4*)
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Subsequent Knowledge Related to this Unit

e Students will apply understanding gain from the foundation of the circle equation in advanced conics (PC.GGPE.2 and PC.GGPE.3).
e Students again analyze the development of arc length formulas in Pre-Calculus (GCI.5%*).
e Students will develop concept of radian and unit circle and build upon knowledge gained in this unit (PC.FT.1 and PC.FT.4).
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Relationship Among Standards in this Unit

Students should recognize the relationship of radii, tangent, chords between each other (G.GCI.2*) and be able to find corresponding angle, arc, and
identified lengths relating to varied parts associated within circles (G.GCI.2*) including the ability to solve for natural quadratics which form from
distances from an exterior point as tangents and secants are drawn to a circle (AREI.4*). As students conduct constructions (G.GCl.3; G.GCl.4) they
will relate the geometry properties established with the circle (G.GCI.2*). Topics such as Inscribed and Circumscribed Triangles (Unit 2) and Regular
Hexagon and Square (Unit 6) constructions are reexamined to extend meaningful understandings to this Circle Unit. Finally, the standard form of a
circle extends conceptual understandings of circle back into the coordinate plane and algebraic reasoning (G.GGPE.1*). Throughout the unit,
intentional real world connections deepen understanding and offer application with meaning.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 7.

Standard Form Equation of a Circle (G.GGPE.1*)

Q

AT T TR S0 a0 T

MathBitsNotebook: Standard Form Circle Equation — notes
MathBitsNotebook: General Form of Equation

RegentsNY: Circle Equation — notes

Open Math Reference: Basic Circle

Open Math Reference: Basic Circle applet

Open Math Reference: Standard Form Circle Equation

Open Math Reference: Standard Form Circle Equation applet
Virtual Nerd: Standard Form Circle Equation video

Khan Academy: Standard Form Circle Equation video

Khan Academy: Writing from General Form to Standard Form and Graph video
West Contra Costa Unified School District: Circles Unit lesson notes
Extension: Open Math Reference: Relating to Unit Circle

Tangent -Radius Diameter and Chord and Congruent Tangents (G.GCl.2*, G.GCO.1*, G.GM.1, G.GM.2, G.GSRT.5*)

Q

T TS @ e a0 T

MathBitsNotebook: Tangent and angle measure theorems

RegentsNY: Chord and Arc Theorems and Tangent-Radius and Two-Tangents Theorems

Open Math Reference: Tangent-Radius

Open Math Reference: Tangent-Radius applet

Virtual Nerd: Equidistant Chords video

Virtual Nerd: Determining Tangency video

Khan Academy: Radius (diameter) Perpendicular-Bisector to Chord Theorems Proofs video-1 and video-2
Khan Academy: Tangent-Radius application video

SchoolYourself: Congruent Tangents

Illustrative Mathematics: Radius Drawn to Point of Tangency is Perpendicular lesson
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http://mathbitsnotebook.com/Geometry/Equations/EQCircles.html
http://mathbitsnotebook.com/Geometry/Equations/EQMoreCircles.html
http://www.regentsprep.org/Regents/math/geometry/GCG6/LCir.htm
http://www.mathopenref.com/coordbasiccircle.html
http://www.mathopenref.com/common/appletframe.html?applet=coordbasiccircle&wid=600&ht=350
http://www.mathopenref.com/coordgeneralcircle.html
http://www.mathopenref.com/common/appletframe.html?applet=coordgeneralcircle&wid=600&ht=350
http://www.virtualnerd.com/geometry/circles/coordinate-plane/definition
https://www.khanacademy.org/math/precalculus/conics-precalc/standard-equation-circle/v/radius-and-center-for-a-circle-equation-in-standard-form
https://www.khanacademy.org/math/geometry/analytic-geometry-topic/equation-of-a-circle/v/completing-the-square-to-write-equation-in-standard-form-of-a-circle
http://www.wccusd.net/cms/lib03/CA01001466/Centricity/domain/60/lessons/geometry%20lessons/EquationOfaCircle.pdf
http://www.mathopenref.com/coordparamcircle.html
http://mathbitsnotebook.com/Geometry/Circles/CRTangent.html
http://www.regentsprep.org/Regents/math/geometry/GP14/CircleChords.htm
http://www.regentsprep.org/Regents/math/geometry/GP14/TanCircles.htm
http://www.mathopenref.com/tangentline.html
http://www.mathopenref.com/common/appletframe.html?applet=tangent&wid=600&ht=300
http://www.virtualnerd.com/geometry/circles/arcs-chords/chords-equidistant-center-example
http://www.virtualnerd.com/geometry/circles/tangent-lines/circle-tangent-line-example
https://www.khanacademy.org/math/geometry/cc-geometry-circles/area-inscribed-triangle/v/sss-to-show-a-radius-is-perpendicular-to-a-chord-that-it-bisects
https://www.khanacademy.org/math/geometry/cc-geometry-circles/area-inscribed-triangle/v/perpendicular-radius-bisects-chord
https://www.khanacademy.org/math/geometry/cc-geometry-circles/tangents/v/example-with-tangent-and-radius
https://schoolyourself.org/learn/geometry/congruent-tangents
https://www.illustrativemathematics.org/content-standards/tasks/963
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Central and Inscribed Angles, and Arc and Angle Measure Relationships (G.GCI.2*, G.GCO.1*, G.GM.1, G.GM.2, G.GSRT.5%)

a. Central and Inscribed Angles

MathBitsNotebook: Chords and Arcs
Open Math Reference: Minor and Major Arcs, Central Angles, Inscribed Angles, Inscribed Right Triangle

Open Math Reference: Minor and Major Arcs, Central Angles, Inscribed Angles, Inscribed Right Triangle
RegentsNY: Arcs in Circles

Virtual Nerd: Inscribed Angle and Intercept Arc Relationship
Khan Academy: Minor Arc, Central Angle and Arc, and more Central Angle and Arc, Inscribed Angles, and Inscribed Angle Proof

SchoolYourself: Minor and Major Arcs, Central and Inscribed Angles, Inscribed Right Triangle, Inscribed Quadrilateral, and Parallel Chords

b. Arc and Angle Measure Relationships
MathBitsNotebook: Tangents, Secants, and Chords angle measure theorems
Open Math Reference: Angles formed by Two Secants
Open Math Reference: Angles formed by Two Secants
RegentsNY: Arcs, Chords, and Tangent Angles
Virtual Nerd: Arc and Angle Relationship with Intersecting Chords-1 and Arc and Angle Relationship with Intersecting Chords-2

Virtual Nerd: Inscribed Quadrilateral Theorem
Khan Academy: Two Tangents from Exterior Point Theorem Proof , Application 1, and Application 2
SchoolYourself: Two Tangents from Exterior Point
Finding segment lengths of intersecting chords, secants, and tangents (G.GCI.2*, G.GCO.1*, G.GM.1, G.GM.2, G.GSRT.5%)
MathBitsNotebook: Chords, Secants, and Tangent Segment Lengths
RegentsNY: Chords, Secants, and Tangents Segment Lengths
Open Math Reference: Intersecting Chords and Intersecting Secants
Open Math Reference: Intersecting Chords and Intersecting Secants
SchoolYourself: Intersecting Chords and Intersecting Secants
f. Extension: SchoolYourself: Tangent Lengths and Area Relationships
Circle Similarity (G.GCI.1, G.GSRT.5%*)
a. MathBitsNotebook: Proving Similar Circles
b. Khan Academy: Circle Similarity

P oo o
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http://mathbitsnotebook.com/Geometry/Circles/CRChords.html
http://www.mathopenref.com/arcminormajor.html
http://www.mathopenref.com/circlecentral.html
http://www.mathopenref.com/arccentralangletheorem.html
http://www.mathopenref.com/thalestheorem.html
http://www.mathopenref.com/common/appletframe.html?applet=arcminormajor&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=circlecentral&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=arccentralangletheorem&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=thalestheorem&wid=600&ht=300
http://www.regentsprep.org/Regents/math/geometry/GP15/CircleArcs.htm
http://www.virtualnerd.com/geometry/circles/inscribed-angles/measure-inscribed-angle-given-intercepted-arc
https://www.khanacademy.org/math/geometry/cc-geometry-circles/arc-measures/v/intro-arc-measure
https://www.khanacademy.org/math/geometry/cc-geometry-circles/arc-measures/v/arc-measure-example-problems
https://www.khanacademy.org/math/geometry/cc-geometry-circles/arc-measures/v/arc-measure-with-equations-examples
https://www.khanacademy.org/math/geometry/cc-geometry-circles/inscribed-angles/v/inscribed-angles-exercise-example
https://www.khanacademy.org/math/geometry/cc-geometry-circles/inscribed-angles/v/inscribed-and-central-angles
https://schoolyourself.org/learn/geometry/central-angle
https://schoolyourself.org/learn/geometry/inscribed-angle
https://schoolyourself.org/learn/geometry/inscribed-diameter
https://schoolyourself.org/learn/geometry/cyclic-quad
https://schoolyourself.org/learn/geometry/parallel-chords
http://mathbitsnotebook.com/Geometry/Circles/CRAngles.html
http://www.mathopenref.com/secantangles.html
http://www.mathopenref.com/common/appletframe.html?applet=secantangles&wid=600&ht=300
http://www.regentsprep.org/Regents/math/geometry/GP15/CircleAngles.htm
http://www.virtualnerd.com/geometry/circles/angle-measures-segment-lengths/circle-intersecting-chords-angles-example
http://www.virtualnerd.com/geometry/circles/angle-measures-segment-lengths/measure-arc-given-intersecting-chords
http://www.virtualnerd.com/geometry/circles/inscribed-angles/circle-quadrilateral-angles-example
https://www.khanacademy.org/math/geometry/cc-geometry-circles/tangents/v/segments-tangent-to-circle-from-outside-point-congruent
https://www.khanacademy.org/math/geometry/cc-geometry-circles/tangents/v/tangents-of-circles-exercise-examples
https://www.khanacademy.org/math/geometry/cc-geometry-circles/tangents/v/measure-of-circumscribed-angle
https://schoolyourself.org/learn/geometry/circumscribed-angle
http://mathbitsnotebook.com/Geometry/Circles/CRSegmentRules.html
http://www.regentsprep.org/Regents/math/geometry/GP14/CircleSegments.htm
http://www.mathopenref.com/chordsintersecting.html
http://www.mathopenref.com/secantsintersecting.html
http://www.mathopenref.com/common/appletframe.html?applet=chordsintersecting&wid=600&ht=300
http://www.mathopenref.com/common/appletframe.html?applet=secantsintersecting&wid=600&ht=300
https://schoolyourself.org/learn/geometry/chord-product
https://schoolyourself.org/learn/geometry/secant-product
https://schoolyourself.org/learn/geometry/inscribed-circle
http://mathbitsnotebook.com/Geometry/Circles/CRProveSimilar.html
https://www.khanacademy.org/math/geometry/cc-geometry-circles/circle-basics/v/seeing-circle-similarity-through-translation-and-dilation
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Constructions (G.GC1.2*, G.GCI.3, G.GCl.4)
a. MathBitsNotebook: Regular Hexagon and Square, Tangent to Circle, and Incenter and Circumcenter
Open Math Reference: Regular Hexagon and Square (from Unit 6), and Incenter and Circumcenter
Open Math Reference: Tangent to Circle Exterior Point, Tangent to Point.On Circle, Circle Through Three Points, and Finding Center of Circle
Open Math Reference: Tangent to Circle Exterior Point, Tangent to Point On Circle, Circle Through Three Points, and Finding Center of Circle
Math Is Fun: Inscribed and Circumscribed Triangles
Math Is Fun: Tangent to Circle Exterior Point, Circle Through Three Points, and Finding Center of Circle
Math Is Fun — Extension: Regular Pentagon

m =000 o
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http://mathbitsnotebook.com/Geometry/Constructions/CCconstructionHex.html
http://mathbitsnotebook.com/Geometry/Constructions/CCconstructionSquare.html
http://mathbitsnotebook.com/Geometry/Constructions/CCconstructionCircles.html
http://mathbitsnotebook.com/Geometry/Constructions/CCIncenter.html
http://mathbitsnotebook.com/Geometry/Constructions/CCCircumcenterr.html
http://www.mathopenref.com/constinhexagon.html
http://www.mathopenref.com/constinsquare.html
http://www.mathopenref.com/constincircle.html
http://www.mathopenref.com/constcircumcircle.html
http://www.mathopenref.com/consttangents.html
http://www.mathopenref.com/consttangent.html
http://www.mathopenref.com/const3pointcircle.html
http://www.mathopenref.com/constcirclecenter.html
http://www.mathopenref.com/common/constappletframe.html?applet=consttangents&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=consttangent&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=const3pointcircle&wid=600&ht=400
http://www.mathopenref.com/common/constappletframe.html?applet=constcirclecenter&wid=600&ht=400
https://www.mathsisfun.com/geometry/construct-triangleinscribe.html
https://www.mathsisfun.com/geometry/construct-trianglecircum.html
https://www.mathsisfun.com/geometry/construct-circletangent.html
https://www.mathsisfun.com/geometry/construct-circle3pts.html
https://www.mathsisfun.com/geometry/construct-circlecenter.html
https://www.mathsisfun.com/geometry/construct-pentagon.html
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Resources

e Cliff Notes Math: Geometry

e Emergent Math: Emergent Math

e EngageNY: Geometry

e Georgia Department of Education, Standards and Teacher Support: Geometry
e Grade A Math Help: Geometry

e Grade A Math Help: Geometry Resources

e |lluminations: Grades 9 - 12 Resources

e Khan Academy: Geometry

e matematicasVisuales: Geometry

e Math Education Page: Geometry Book of Labs

e Math Education Page: Sum of the Angles in a Triangle

e Math Goodies: Math Goodies

e Math Open Reference: Geometry Resources

e MathBitsNotebook: Geometry Online Study Resources

e Mathematics Assessment Project — Mathematics Assessment Resource Service: Homepage
e West Contra Costa Unified School District: Geometry

e Virtual Nerd: Geometry Skills Videos

South Carolina Department of Education | Office of Standards and Learning
May 2016

Page 448



http://www.cliffsnotes.com/math/geometry
http://emergentmath.com/
https://www.engageny.org/resource/high-school-geometry
https://www.georgiastandards.org/Georgia-Standards/Pages/Math-9-12.aspx
http://www.gradeamathhelp.com/free-geometry-help.html
http://www.gradeamathhelp.com/free-geometry-worksheets.html
http://illuminations.nctm.org/Search.aspx?view=search&type=ls&gr=9-12
https://www.khanacademy.org/math/geometry
http://www.matematicasvisuales.com/english/html/geometry/geometry.html
http://www.mathedpage.org/geometry-labs/index.html
http://www.mathedpage.org/constructions/sum/index.html
http://www.mathgoodies.com/
http://www.mathopenref.com/index.html
http://mathbitsnotebook.com/Geometry/Geometry.html
http://map.mathshell.org/
http://www.wccusd.net/Page/3225
http://www.virtualnerd.com/geometry/all
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Sample Formative Assessment Tasks/Questions

Standard Form Equation of a Circle (G.GGPE.1*)
a. Khan Academy: Circle Equation

b. MathBitsNotebook: Circle Equation
c. RegentsNY: Circle Equation

Find angle measures and arc degrees within circles (G.GCIl.2*, G.GCO.1*, G.GM.1, G.GM.2, G.GSRT.5%)
a. MathBitsNotebook: Central and Inscribed Angles and Arcs

MathBitsNotebook: Tangent and Chord Angles and Arcs

MathBitsNotebook: Tangent and Secant Angles and Arcs

RegentsNY: Angles in Circles

RegentsNY: Angles-Tangents-Chords

f. RegentsNY: Tangent and Secant Angles and Arcs

®ao0 o

Finding segment lengths of intersecting chords, secants, and tangents (G.GCl.2*, G.GCO.1*, G.GM.1, G.GM.2, G.GSRT.5%)
a. EngageNY: Circles Unit

MathBitsNotebook: Chords, Secants, and Tangent Segment Lengths

MathBitsNotebook: Tangent Segment Lengths

RegentsNY: Chords Lengths (with some arc-angle)

RegentsNY: Chords, Secants, and Tangent Segment Lengths

RegentsNY: Two Tangents Lengths

N
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https://www.khanacademy.org/math/precalculus/conics-precalc/standard-equation-circle/e/equation_of_a_circle_1
http://mathbitsnotebook.com/Geometry/Equations/EQCirclePractice.html
http://www.regentsprep.org/Regents/math/geometry/GCG6/PracCir.htm
http://mathbitsnotebook.com/Geometry/Circles/CRAnglesPractice.html
http://mathbitsnotebook.com/Geometry/Circles/CRAnglesTCPractice.html
http://mathbitsnotebook.com/Geometry/Circles/CRAnglesOutsidePractice.html
http://www.regentsprep.org/Regents/math/geometry/GP15/PcirclesN.htm
http://www.regentsprep.org/Regents/math/geometry/GP15/PcirclesN2.htm
http://www.regentsprep.org/Regents/math/geometry/GP15/PcirclesN3.htm
https://www.engageny.org/resource/geometry-module-5-topic-c-overview
http://mathbitsnotebook.com/Geometry/Circles/CRSegmentsPractice.html
http://mathbitsnotebook.com/Geometry/Circles/CRTangentPractice.html
http://www.regentsprep.org/Regents/math/geometry/GP14/PracCircleChords.htm
http://www.regentsprep.org/Regents/math/geometry/GP14/PracCircleSegments.htm
http://www.regentsprep.org/Regents/math/geometry/GP14/PracCircleTangents.htm
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Geometry Unit 8 Title

Statistics
Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e G.SPID.1* Select and create an appropriate display, including dot plots, histograms, and box plots, for data that includes only real numbers.

e G.SPID.2* Use statistics appropriate to the shape of the data distribution to compare center and spread of two or more different data sets
that include all real numbers.

e G.SPID.3* Summarize and represent data from a single data set. Interpret differences in shape, center, and spread in the context of the data
set, accounting for possible effects of extreme data points (outliers).
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New Academic Vocabulary for This Unit

e Skew — with respect to the shape of data
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Prior Knowledge Required for this Unit

In earlier grades, students have developed conceptual knowledge and have had the opportunity to learn how to:

e Select and create an appropriate display for numerical data, including dot plots, histograms, and box plots. (6.DS.4)
e Describe numerical data sets in relation to their real-world context. (6.DS.5)

o

o O O O O O

State the sample size.

Describe the qualitative aspects of the data (e.g., how it was measured, units of measurement).

Give measures of center (median, mean).

Find measures of variability (interquartile range, mean absolute deviation) using a number line.

Describe the overall pattern (shape) of the distribution.

Justify the choices for measure of center and measure of variability based on the shape of the distribution.

Describe the impact that inserting or deleting a data point has on the measures of center (median, mean) for a data set.
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Subsequent Knowledge Related to this Unit

The standards covered in this unit build the foundation for the standards that will be covered more formally in Probability and Statistics (PS.SPID.1,
PS.SPID.2, and PS.SPID.3).
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Relationship Among Standards in this Unit

In this unit, students will bring some prior knowledge with them that they will build upon. They will be selecting and creating an appropriate display
for data (G.SPID.1*). In addition, they will use appropriate statistics to compare center and spread of two or more different data sets (G.SPID.2*).
Students will summarize a set of data by interpreting differences in shape, center, and spread in the context of the data while accounting for the
effects of outliers (G.SPID.3*).
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 8.

Displaying Data (G.SPID.1*)

a.

S®m o o0 T

VirtualNerd: How to Make a Histogram

Kahn Academy: How to Interpret a Histogram

Kahn Academy: Constructing a Box and Whisker Plot

Kahn Academy: Interpreting a Box and Whisker Plot

MathNspired: Introduction to Box Plots (for those with TI-Nspire Technology)
MathBitsNotebook: Representing Data Graphically

MathBitsNotebook: Histograms

MathBitsNotebook: Dot Plots

MathBitsNotebook: Box Plots

InterpretingData (G.SPID.2*, G.SPID.3%)

a.

S®m 0 o0 T

MathNspired: Center and Spread (for those with TI-Nspire Technology)
Kahn Academy: Comparing Means of Distributions

Kahn Academy: Comparing Means and Medians of Different Distributions
Kahn Academy: Thinking about Shapes of Distributions

Kahn Academy: Analyzing Clusters, Gaps, Peaks, and Outliers
MathBitsNotebook: Shapes of Distributions

MathBitsNotebook: Measures of Center

MathBitsNotebook: Measures of Spread

MathBitsNotebook: Comparing Statistical Graphs
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http://www.virtualnerd.com/algebra-1/probability-data-analysis/frequency-histogram/frequency-tables-histograms-examples/practice-histogram
https://www.khanacademy.org/math/cc-sixth-grade-math/cc-6th-data-statistics/histograms/v/interpreting-histograms
https://www.khanacademy.org/math/probability/descriptive-statistics/box-and-whisker-plots/v/constructing-a-box-and-whisker-plot
https://www.khanacademy.org/math/cc-sixth-grade-math/cc-6th-data-statistics/cc-6th-box-whisker-plots/v/interpreting-box-plots
https://education.ti.com/en/timathnspired/us/detail?id=C061A14CCC3542799CF8B29F46AFA11E&t=C363975D0DB14FD3961E1A9B9F55526F
http://mathbitsnotebook.com/Algebra1/StatisticsData/STHistBoxDot.html
http://mathbitsnotebook.com/Algebra1/StatisticsData/STHistBoxDot.html
http://mathbitsnotebook.com/Algebra1/StatisticsData/STdotplot.html
http://mathbitsnotebook.com/Algebra1/StatisticsData/STboxplot.html
https://education.ti.com/en/timathnspired/us/detail?id=24F03A578EF74CF6A653A46EC8C629FD&t=C363975D0DB14FD3961E1A9B9F55526F
https://www.khanacademy.org/math/probability/descriptive-statistics/central_tendency/v/comparing-distribution-means
https://www.khanacademy.org/math/probability/descriptive-statistics/central_tendency/v/comparing-means-and-medians
https://www.khanacademy.org/math/cc-sixth-grade-math/cc-6th-data-statistics/cc-6-shape-of-data/v/shapes-of-distributions
https://www.khanacademy.org/math/cc-sixth-grade-math/cc-6th-data-statistics/cc-6-shape-of-data/v/examples-analyzing-clusters-gaps-peaks-and-outliers-for-distributions
http://mathbitsnotebook.com/Algebra1/StatisticsData/STShapes.html
http://mathbitsnotebook.com/Algebra1/StatisticsData/STCenter.html
http://mathbitsnotebook.com/Algebra1/StatisticsData/STSpread.html
http://mathbitsnotebook.com/Algebra1/StatisticsData/STcompare.html
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Resources

e Georgia Department of Education: Algebra 1

e lllustrative Mathematics: Statistics and Probability
e Kahn Academy: Descriptive Statistics

e MathBitsNotebook: Data Distributions

e MathNspired: Statistics

e VirtualNerd: Probability and Data Analysis
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https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-6.pdf
https://www.illustrativemathematics.org/content-standards/HSS/ID/A/1/tasks/942
https://www.khanacademy.org/math/probability/descriptive-statistics/central_tendency/e/interpreting-and-comparing-data-distributions
http://mathbitsnotebook.com/Algebra1/StatisticsData/SToutline.html
https://education.ti.com/en/timathnspired/us/statistics
http://www.virtualnerd.com/algebra-1/all
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Return to High School Overview, High School Table of Contents, or Geometry Coversheet

Sample Formative Assessment Tasks/Questions

Displaying and Interpreting Data (G.SPID.1*; G.SPID.2*; G.SPID.3*)
a. Kahn Academy: Interpreting and Comparing Data Distributions

[llustrative Mathematics: Speed Trap

Illustrative Mathematics: Haircut Costs

Kahn Academy: Clusters, Gaps, Peaks, and Outliers Practice

Georgia Department of Education: Math Class

Georgia Department of Education: The Basketball Star

MathBitsNotebook: Practice with Box Plots

MathBitsNotebook: Practice Interpreting Graphs

S®m 0 o0 T
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https://www.khanacademy.org/math/probability/descriptive-statistics/central_tendency/e/interpreting-and-comparing-data-distributions
https://www.illustrativemathematics.org/content-standards/HSS/ID/A/1/tasks/1027
https://www.illustrativemathematics.org/content-standards/HSS/ID/A/1/tasks/942
https://www.khanacademy.org/math/cc-sixth-grade-math/cc-6th-data-statistics/cc-6-shape-of-data/e/clusters--gaps--peaks--and-outliers
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-6.pdf
https://www.georgiastandards.org/Georgia-Standards/Frameworks/Algebra-I-Unit-6.pdf
http://mathbitsnotebook.com/Algebra1/StatisticsData/STboxPractice.html
http://mathbitsnotebook.com/Algebra1/StatisticsData/STGraphPractice.html

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document

Probability and Statistics Coversheet

Return to High School Overview or High School Table of Contents.

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8
Categorical Data Quantitative Samplin
(Venn Diagrams - . Sampling and Basic Probability _p_g .
Data (Graphing Normal Bivariate Data ; ; Distributions Extension
and ) T - . Simulation Concepts and - - - .
- and Exploring Distribution and Scatterplots 1 . and Expected Topics
Contingency Univariate Data) Design Applications Value
Tables) B
Standards Standards Standards Standards Standards Standards Standards Standards
PS.SPCR.1 PS.SPID.1* PS.SPID.4 PS.SPID.6* PS.SPMJ.3 PS.SPCR.2 PS.SPMD.1 PS.SPMJ.1%*
PS.SPCR.4 PS.SPID.2* PS.SPID.7* PS.SPMJ.4 PS.SPCR.3 PS.SPMD.2
PS.SPID.5* PS.SPID.3* PS.SPID.8* PS.SPMJ.5 PS.SPCR.5 PS.SPMD.3
PS.SPID.9 PS.SPMJ.6 PS.SPCR.6 PS.SPMD.4*
PS.SPID.10 PS.SPCR.7 PS.SPMD.5*
PS.SPCR.8 PS.SPMD.6*
PS.SPMJ.2* PS.SPMJ.1%*
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Mathematical Process Standards: The South Carolina College- and Career-Ready (SCCCR) Mathematical Process Standards demonstrate the ways
in which students develop conceptual understanding of mathematical content and apply mathematical skills. As a result, the SCCCR Mathematical
Process Standards should be integrated within the SCCCR Content Standards for Mathematics for each grade level and course. Since the process
standards drive the pedagogical component of teaching and serve as the means by which students should demonstrate understanding of the
content standards, the process standards must be incorporated as an integral part of overall student expectations when assessing content

understanding.

1. Make sense of problems and persevere in solving them.
a. Relate a problem to prior knowledge.
b. Recognize there may be multiple entry points to a problem and more than one
path to a solution.
c. Analyze what is given, what is not given, what is being asked, and what strategies
are needed, and make an initial attempt to solve a problem.
d. Evaluate the success of an approach to solve a problem and refine it if necessary.

5. Use a variety of mathematical tools effectively and strategically.
a. Select and use appropriate tools when solving a mathematical problem.
b. Use technological tools and other external mathematical resources to explore and
deepen understanding of concepts.

2. Reason both contextually and abstractly.

a. Make sense of quantities and their relationships in mathematical and real-world
situations.

b. Describe a given situation using multiple mathematical representations.
Translate among multiple mathematical representations and compare the
meanings each representation conveys about the situation.

d. Connect the meaning of mathematical operations to the context of a given
situation.

6. Communicate mathematically and approach mathematical situations with precision.
a. Express numerical answers with the degree of precision appropriate for the
context of a situation.
b. Represent numbers in an appropriate form according to the context of the
situation.
c. Use appropriate and precise mathematical language.
d. Use appropriate units, scales, and labels.

3. Use critical thinking skills to justify mathematical reasoning and critique the reasoning of
others.
a. Construct and justify a solution to a problem.
b. Compare and discuss the validity of various reasoning strategies.
c.  Make conjectures and explore their validity.
d. Reflect on and provide thoughtful responses to the reasoning of others.

7. Identify and utilize structure and patterns.
a. Recognize complex mathematical objects as being composed of more than one
simple object.
b. Recognize mathematical repetition in order to make generalizations.
c. Look for structures to interpret meaning and develop solution strategies.

4. Connect mathematical ideas and real-world situations through modeling.
a. ldentify relevant quantities and develop a model to describe their relationships.
b. Interpret mathematical models in the context of the situation.
c. Make assumptions and estimates to simplify complicated situations.
d. Evaluate the reasonableness of a model and refine if necessary.
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 1: Categorical Data (Venn Diagrams and Contingency Tables)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Probability and Statistics Unit 1 Title

Categorical Data (Venn Diagrams and Contingency Tables)

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 1: Categorical Data (Venn Diagrams and Contingency Tables)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e PS.SPCR.1 Describe events as subsets of a sample space and
a. Use Venn diagrams to represent intersections, unions, and complements.
O Represent intersections, unions and complements using venn diagrams.
b. Relate intersections, unions, and complements to the words and, or, and not.
o Translate between verbal representation and symbolic form (e.g. A N B, A and B, A intersected with B; A U B, A or B, A union B;
ANB' A nBC, A and not B, A intersect B complement)
Represent sample spaces for compound events using Venn diagrams.
o Shade two (and three for extension) part venn diagrams for subsets given in verbal and symbolic form of intersections, unions and
complements.
o Translate between venn diagrams, symbolic form and set notation.
e PS.SPCR.4 Construct and interpret two-way frequency tables of data when two categories are associated with each object being classified.
Use the two-way table as a sample space to decide if events are independent and to approximate conditional probabilities.
o Construct two-way frequency (contingency) tables.
O Interpret two-way frequency (contingency) tables.
o Use the two-way table as a sample space to decide if events are independent.
O Use the two-way table as a sample space to approximate conditional probabilities/proportions.
e PS.SPID.5 Analyze bivariate categorical data using two-way tables and identify possible associations between the two categories using
marginal, joint, and conditional frequencies.
o e.g., If using variables gender (male/female) and grade (11/12), a marginal frequency could be the total number of females, or the
total number of students in grade 11. These values can be found on the perimeter of the two-way table.
o e.g., If using the variables gender (male/female) and grade (11/12), a joint frequency could be the number of females in grade 12.
o e.g., If using the variables gender (male/female) and grade (11/12), a conditional frequency could be the number of students in grade
11, given that they are male.

o
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 1: Categorical Data (Venn Diagrams and Contingency Tables)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

New Academic Vocabulary for This Unit

e Complement
Compound Events
Conditional Frequency
Conditional Probability
Contingency Table
Dependent
Independent
Intersection

Joint Frequency
Marginal Frequency
Sample Space
Two-way Frequency Table
Union

Venn Diagram
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 1: Categorical Data (Venn Diagrams and Contingency Tables)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Prior Knowledge Required for this Unit

None
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 1: Categorical Data (Venn Diagrams and Contingency Tables)

Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Subsequent Knowledge Related to this Unit

Recognize and explain conditional and independent events (PS.SPCR.5)

Calculate probability for combined events, independent and dependent events (PS.SPCR.2, PS.SPCR.7)
Calculate conditional probability (PS.SPCR.3, PS.SPCR.6)

Apply counting principles and use to calculate probability (PS.SPCR.8)
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 1: Categorical Data (Venn Diagrams and Contingency Tables)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Relationship Among Standards in this Unit

The standards in Probability and Statistics Unit 1 are organized to introduce students to the study of statistics and organizing categorical data.
Students begin this unit by organizing data in venn diagrams and two-way (contingency) tables. Students describe subsets of the sample space in
multiple forms, including verbal, symbolic, set notation, as well as by shading appropriate regions on diagrams. This unit prepares students to study
guantitative data in the next unit and their eventual study of probability.
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 1: Categorical Data (Venn Diagrams and Contingency Tables)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 1.

Describing and Organizing Events and Subsets (PS.SPCR.1)

a.

T om0 oo T

AMSTAT: First Day Stats Activity (Organizing Data)
Interactivate: Introduction to Sets & Venn Diagrams

Better Lesson: Leading Group Discussion on Describing Data
Illustrative Mathematics: Describing Data

Better Lesson: Intersection and Union

Better Lesson: Subsets

Better Lesson: Complements

Better Lesson: Venn Diagram

Geogebra: Shading Venn Diagram

Usmg Two-Way Tables to Analyze Data (PS.SPCR.4, PS.SPID.5)

a.

™m0 o0 T

Better Lesson: Creating Two-Way Tables

Better Lesson: Interpreting Two-Way Tables

Stat Crunch: Contingency Table Activity

Causeweb.org: Categorical Data Activity

AMSTAT: A Sweet Task (Create and Interpret Frequency Tables)

AMSTAT: Classifying Fortune Cookie Fortunes (Analyzing Categorical Data)
AMSTAT: Using Data About the Donner Party to Illustrate Descriptive Statistics
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https://www.amstat.org/education/stew/pdfs/FirstDayStatisticsActivity.pdf
http://www.shodor.org/interactivate/lessons/SetsTheVennDiagram/
http://betterlesson.com/lesson/470113/describing-data-day-1-of-2
https://www.illustrativemathematics.org/content-standards/HSS/CP/A/1/tasks/1884
http://betterlesson.com/lesson/608958/union-and-intersection?from=cc_lesson_title
http://betterlesson.com/lesson/609032/subsets
http://betterlesson.com/lesson/609034/complements?from=cc_lesson_title
http://betterlesson.com/lesson/609035/venn-diagrams?from=search_lesson_title
https://www.geogebra.org/material/show/id/27869
http://betterlesson.com/lesson/442638/creating-two-way-tables?from=cc_lesson_title
http://betterlesson.com/lesson/442636/what-s-this-table-saying?from=cc_lesson_title
http://www.statcrunch.com/5.0/viewresult.php?resid=1167093
https://www.causeweb.org/repository/ACT/Categorical_Data_Activity.doc
http://www.amstat.org/education/stew/pdfs/AnAmazingComparison.docx
http://www.amstat.org/education/stew/pdfs/YouWillSoonAnalyzeCategoricalData.pdf
http://www.amstat.org/education/stew/pdfs/SagaofSurvival.doc

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 1: Categorical Data (Venn Diagrams and Contingency Tables)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Resources

Study.com: Marginal, Joint, & Conditional Video/Lesson
NY Regents Prep: Sets and Venn Diagrams

Kahn Academy: Intersection and Union of Sets

SSDAN: Contingency Table Powerpoint

Stattrek: Two-way Tables
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http://study.com/academy/lesson/joint-marginal-conditional-frequencies-definitions-differences-examples.html
http://www.shodor.org/interactivate/le
https://www.khanacademy.org/math/probability/independent-dependent-probability/basic_set_operations/v/intersection-and-union-of-sets
http://ssdan.net/sites/default/files/events/Teaching%20with%20Contingency%20Tables%202010/TeachingWithContingencyTables_March2010.pptx
http://stattrek.com/statistics/two-way-table.aspx?Tutorial=Stat

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 1: Categorical Data (Venn Diagrams and Contingency Tables)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Sample Formative Assessment Tasks/Questions

a. lllustrative Mathematics: Two-Way Tables & Relative Frequency
b. Illustrative Mathematics: Two-Way Tables & Relative Frequency
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https://www.illustrativemathematics.org/content-standards/HSS/ID/B/5/tasks/123
https://www.illustrativemathematics.org/content-standards/HSS/ID/B/5/tasks/2044

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 2: Quantitative Data (Graphing and Exploring Univariate Data)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Probability and Statistics Unit 2 Title

Quantitative Data (Graphing and Exploring Univariate Data)

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 470




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 2: Quantitative Data (Graphing and Exploring Univariate Data)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e PS.SPID.1* Select and create an appropriate display, including dot plots, histograms, and box plots, for data that includes only real numbers.
o Create graphical representations of data sets using dot plots, histograms and box plots.
e PS.SPID.2* Use statistics appropriate to the shape of the data distribution to compare center and spread of two or more different data sets
that include all real numbers.
Determine 5-number summary (minimum, Q;, median, Qs, maximum).
Calculate range and interquartile range (IQR).
Calculate mean and standard deviation.
Determine the best representation of center (mean or median) based on symmetry, outliers.
Determine the best representation for spread (standard deviation or IQR) based on measures of center used.
o Identify mode.
e PS.SPID.3* Summarize and represent data from a single data set. Interpret differences in shape, center, and spread in the context of the
data set, accounting for possible effects of extreme data points (outliers).
o Determine the relationship between mean and median based on the shape of the data.
Calculate fences to determine outlier cutoffs for box plots.
Modify box plots to represent outliers.
Identify corresponding representations of data (box plots, histograms, measures of center and spread).
Identify modality of a histogram.

O O O O O

O O OO
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 2: Quantitative Data (Graphing and Exploring Univariate Data)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

New Academic Vocabulary for This Unit

e Boxplot
e Dot Plot
e Modality
e Outlier
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 2: Quantitative Data (Graphing and Exploring Univariate Data)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Prior Knowledge Required for this Unit

None
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 2: Quantitative Data (Graphing and Exploring Univariate Data)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Subsequent Knowledge Related to this Unit

e Normal distribution(PS.SPID.4)
e Analyzing bivariate data (PS.SPID.5)
e Expected value (PS.SPMD.2)
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 2: Quantitative Data (Graphing and Exploring Univariate Data)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Relationship Among Standards in this Unit

The standards in Probability and Statistics Unit 2 are organized to introduce students to working with quantitative data. Students begin this unit by
organizing data in dot plots, histograms, and boxplots. Students use modality, symmetry and outliers to describe the plots. Students calculate and
use appropriate measures of center (mean and median) and measures of spread (IQR, range, standard deviation) based on symmetry and outliers.

Students learn how to calculate fences in order to identify outliers.
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document

Probability and Statistics Unit 2: Quantitative Data (Graphing and Exploring Univariate Data)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 2.

Represent data using dot plots, histograms and boxplots and describe the shape of the data set (PS.SPID.1*)
a.

S®m 0 o0 o

j-

k.

NCTM: Advanced Data Grapher

NCTM: Histogram Tool

NCTM: Investigating Mean and Median with Boxplots
Illustrative Mathematics: Represent and Compare Data using Boxplots
Wiley: Matching Histograms and Boxplots - Online Activity
Better Lesson: Analyze Boxplots

Better Lesson: Connecting Boxplots with Histograms
CPalms.org: Formative Assessment, Representing Data
CPalms.org: Haircut Costs, Representing Data with Boxplots
Actuarial Foundation: Module 1 - Full Lesson

AMSTAT: Using Seelt to Compare Dotplots and Boxplots

Analyze measures of central tendency (PS.SPID.2*)

a.
b.

Regents Prep: Fruit Loops Activity
Better Lesson: Measures of central tendency

Analyze measures of spread and interpret outliers (PS.SPID.2*, PS.SPID.3%*)

a.

m -~ o0 o

Illustrative Mathematics: Analyzing Boxplots and Standard Deviation

Illustrative Mathematics: Measuring Variability

Better Lesson: The Stroop Effect

Better Lesson: Identifying Outliers and Describing Their Effect

Texas Instruments: Analyze Shape, Measures of Center and Spread

Share My Lesson: Matching Card Game (Measures of Shape, Center and Spread)
NASA: Dusty Dilemma Guide
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http://illuminations.nctm.org/Activity.aspx?id=3476
http://illuminations.nctm.org/Activity.aspx?id=4152
http://illuminations.nctm.org/Activity.aspx?id=3576
https://www.illustrativemathematics.org/content-standards/HSS/ID/A/1/tasks/1027
http://higheredbcs.wiley.com/legacy/college/mann/0470444665/applets/applet_01_v4.html
http://betterlesson.com/lesson/395170/understanding-box-plots-with-assessment
http://betterlesson.com/lesson/442514/connecting-box-plots-and-histograms
http://www.cpalms.org/Public/PreviewResourceAssessment/Preview/56716
http://www.cpalms.org/uploads/resources/44719/mafs_912sid11_haircut_costs.pdf
http://www.actuarialfoundation.org/pdf/probstat_teacher_web_2014.pdf
http://www.amstat.org/education/stew/pdfs/NowYouSeeItNowYouDont.docx
http://www.regentsprep.org/regents/math/algebra/ad3/fruitloopsactivity.pdf
http://betterlesson.com/lesson/443421/practice-with-measures-of-central-tendency
https://www.illustrativemathematics.org/content-standards/HSS/ID/A/2/tasks/1886
https://www.illustrativemathematics.org/content-standards/HSS/ID/A/2/tasks/1887
http://betterlesson.com/lesson/444640/the-stroop-effect
http://betterlesson.com/lesson/630521/outliers-and-their-effect-on-the-central-tendencies
https://education.ti.com/~/media/722BA348062347D799D270AB9FA0B192
http://www.sharemylesson.com/teaching-resource/matching-card-game-measures-of-center-and-spread-50015008/
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Dusty_Dilemma.html#.Vss-CvkrLIV

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 2: Quantitative Data (Graphing and Exploring Univariate Data)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Resources

Prentice Hall: Analyzing Measures of Central Tendency
Regents Prep: Analyzing Data Activity

Khan Academy: Descriptive Statistics
FloridaSchoollLeaders.org: Descriptive Statistics
Master Math Mentor: Descriptive Statistics Unit
Stattrek: Data Patterns

Stattrek: Dotplots

Stattrek: Histograms

Stattrek: Boxplots

Stattrek: Comparing Plots
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http://www.phschool.com/iText/math/sample_chapter/Ch02/02-07/PH_Alg1_ch02-07_Obj1.html
http://www.regentsprep.org/regents/math/algtrig/ats1/SurveyResource.htm
https://www.khanacademy.org/math/probability/descriptive-statistics
https://www.floridaschoolleaders.org/general/content/NEFEC/dafil/lesson2-5.htm
http://www.mastermathmentor.com/apstat/ap_manual1.ashx
http://stattrek.com/statistics/charts/data-patterns.aspx?Tutorial=Stat
http://stattrek.com/statistics/charts/dot-plot.aspx?Tutorial=Stat
http://stattrek.com/statistics/charts/histogram.aspx?Tutorial=Stat
http://stattrek.com/statistics/charts/boxplot.aspx?Tutorial=Stat
http://stattrek.com/statistics/charts/compare-data-sets.aspx?Tutorial=Stat

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 2: Quantitative Data (Graphing and Exploring Univariate Data)
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Sample Formative Assessment Tasks/Questions

Illustrative Mathematics: Understanding Standard Deviation

Illustrative Mathematics: Representing Data and Analyzing Measures of Center
Better Lesson: Writing Assignment (Using Data to Construct an Argument)
CPalms.org: Univariate and Bivariate Data Assessments

NASA: Team Extreme Experiment

Paoow

South Carolina Department of Education | Office of Standards and Learning
May 2016 Page 478



https://www.illustrativemathematics.org/content-standards/HSS/ID/A/2/tasks/1886
https://www.illustrativemathematics.org/content-standards/HSS/ID/A/1/tasks/942
http://betterlesson.com/lesson/444653/unit-1-exam
http://www.cpalms.org/Public/PreviewResource/Preview/56716
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/team_extreme_stats_success_guide.html#.Vss--vkrLIU

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 3: Normal Distribution
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Probability and Statistics Unit 3 Title

Normal Distribution

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 3: Normal Distribution
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e PS.SPID.4 Use the mean and standard deviation of a data set to fit it to a normal distribution and to estimate population percentages.
Recognize that there are data sets for which such a procedure is not appropriate. Use calculators, spreadsheets, and tables to estimate areas
under the normal curve.

O Given the mean, standard deviation and a specific data value determine the corresponding z-score on the standard normal
distribution curve.

O Given the mean, standard deviation and z-score, determine the corresponding data value.

o Determine the area or percentage of data values between two values on a normal distribution curve using a graphing calculator
(normalcdf), spreadsheet or standard normal distribution table.

O When given the area or percentage of data values on the normal distribution curve, determine the corresponding cut-off(s) using a
graphing calculator (invNorm), spreadsheet, or standard normal distribution table.
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 3: Normal Distribution
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

New Academic Vocabulary for This Unit

e Normal Distribution
e Standard Normal Distribution Curve
® /-score
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 3: Normal Distribution
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Prior Knowledge Required for this Unit

e Mean (PS.SPID.2)
e Standard deviation (PS.SPID.2)
e Describing shape of data (unimodal, symmetric) (PS.SPID.3)
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 3: Normal Distribution
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Subsequent Knowledge Related to this Unit

e C(Calculating Probability of Compound Events (PS.SPCR.2)
® Probability Distributions (PS.SPMJ.1)
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 3: Normal Distribution
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Relationship Among Standards in this Unit
The standards in Probability and Statistics Unit 3 are organized to introduce students to the normal distribution. At the beginning of this unit

students identify characteristics of the normal distribution, specifically the standard normal distribution curve. Students will convert between data
that is normally distributed and the standard normal distribution curve by finding z-scores. Finally, students will use technology, spreadsheets, and
tables to determine the proportion of data values that lie within an interval. The same tools are used to determine the cut-off data value for given

percentiles.
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 3: Normal Distribution
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 3.

Determine what it means for data to be normally distributed. Discuss characteristics of the normal distribution and determine whether data sets
are normally distributed (PS.SPID.4).

a. Better Lesson: Introduction to the Normal Distribution

b. Shodor.org: Interactive Normal Distribution

c. AMSTAT: What Does the Normal Distribution Sound Like (Collect and Analyze Data)

d. Actuarial Foundation: Module 2

Convert between data sets that are normally distributed and the corresponding z-scores and area on the standard normal distribution. Teachers
may wish to introduce the empirical rule to estimate area prior to using tables and technology (PS.SPID.4).

a. Better Lesson: Exploring Standard Deviation

b. Khan Academy: The Normal Distribution

Use the standard normal distribution to determine the proportion of data values within a given interval and data values that enclose a given
proportion or area (PS.SPID.4).
a. Math = Love Blog: Normal Distribution Cards
Better Lesson: Z-Scores and the Normal Distribution
Illustrative Mathematics: Analyzing SAT Scores
Regents Prep: Analyzing Sleep Using the Normal Distribution
Virginia Department of Education: Analyzing and Using the Standard Normal Curve
Maryland Department of Education: Introduce Normal Distribution and the Empirical Rule
National Security Agency: M &M Activity

m oD o0 o
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http://betterlesson.com/lesson/473189/introducing-normal-distribution
http://www.shodor.org/interactivate/activities/NormalDistribution/
http://www.amstat.org/education/stew/pdfs/whatdoesthenormaldistributionsoundlike.pdf
http://www.actuarialfoundation.org/pdf/probstat_teacher_web_2014.pdf
http://betterlesson.com/lesson/488615/exploring-standard-deviation
https://www.khanacademy.org/math/probability/statistics-inferential/normal_distribution/v/introduction-to-the-normal-distribution
http://mathequalslove.blogspot.com/2014/05/normal-distribution-cards.html
http://betterlesson.com/lesson/593575/z-scores-and-normal-distribution
https://www.illustrativemathematics.org/content-standards/tasks/216
http://www.regentsprep.org/regents/math/algtrig/ats2/NormalResource.htm
http://www.doe.virginia.gov/testing/solsearch/sol/math/AII/m_ess_a2-11.pdf
http://mdk12.msde.maryland.gov/share/ccsc/uos/resources/math/hsAlgebraII_Unit_4/A2_U4_LP_NormalDistribution.docx
https://www.nsa.gov/academia/_files/collected_learning/high_school/statistics/melts_in_your_mouth.pdf

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 3: Normal Distribution
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Resources

Math Bits: The Normal Distribution in Tl Calculator

Minitab: The Normal Distribution

Autograph-maths.com: Idea 3 (Standardizing the Normal Distribution)

Core Plus Mathematics: The Normal Distribution

College Preparatory Mathematics: The Normal Distribution Supplementary Materials
Master Math Mentor: Descriptive Statistics Unit

Stattrek: Normal Distribution

Stattrek: Standard Normal

South Carolina Department of Education | Office of Standards and Learning
May 2016

Page 486



http://mathbits.com/MathBits/TISection/Statistics2/normaldistribution.htm
https://www.minitab.com/en-us/academic/teaching-resources/normal-distributions/
http://www.autograph-maths.com/newsletter/issue13/
http://www.cpmponline.org/1st/unitsamples/pdfs/C3U5_362-375.pdf
http://pdfs.cpm.org/standards/stats/Statistics%20Supplement%20CCA2%20TV.pdf
http://www.mastermathmentor.com/apstat/ap_manual1.ashx
http://stattrek.com/probability-distributions/normal.aspx?Tutorial=Stat
http://stattrek.com/probability-distributions/standard-normal.aspx?Tutorial=Stat

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 3: Normal Distribution
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Sample Formative Assessment Tasks/Questions

a. lllustrative Mathematics: Analyzing Test Scores
b. Illustrative Mathematics: Do You Fit In This Car?
c. Radford.edu: Collect and Analyze Data
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https://www.illustrativemathematics.org/content-standards/tasks/1218
https://www.illustrativemathematics.org/content-standards/HSS/ID/A/4/tasks/1020
http://www.radford.edu/rumath-smpdc/Performance/src/Amy%20Corns%20-%20The%20Normal%20Distribution%20Activity.pdf

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 4: Bivariate Data and Scatterplots
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Probability and Statistics Unit 4 Title

Bivariate Data and Scatterplots

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Probability and Statistics Unit 4: Bivariate Data and Scatterplots
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e PS.SPID.6* Using technology, create scatterplots and analyze those plots to compare the fit of linear, quadratic, or exponential models to a
given data set. Select the appropriate model, fit a function to the data set, and use the function to solve problems in the context of the data.
o Use technology to create scatterplots.
O Analyze the shape of scatterplots to determine if a linear, quadratic, or exponential model is appropriate.
o Use technology to create a regression equation.
O Use the regression equation to make predictions (interpolate and extrapolate)
® PS.SPID.7* Find linear models using median fit and regression methods to make predictions. Interpret the slope and intercept of a linear
model in the context of the data.
o Use technology to find least squares regression line (LinReg (a+bx) or (ax+b) in Tl graphing calculator).
0 Use technology to find median fit regression line (Med-Med in Tl graphing calculator).
O Interpret the slope in context, using appropriate units.
O Interpret the y-intercept in context, using appropriate units.
e PS.SPID.8* Using technology, compute and interpret the correlation coefficient of a linear fit.
O Calculater, the correlation coefficient, using technology when finding the linear regression equation. Note that on a Tl calculator
students will need to turn their diagnostics on (2nd:0, scroll down to find DiagnosticOn, press enter twice).
O Interpret the value of r to determine the strength (weak, moderate, strong) and direction (positive, negative) of the linear
relationship.
e PS.SPID.9 Differentiate between correlation and causation when describing the relationship between two variables. ldentify potential
lurking variables which may explain an association between two variables.
o Provide examples of pairs of quantitative variables that may be correlated, but that are clearly not cause and effect (e.g. ice cream
sales and crime rates in June).
o Identify lurking variables which may explain why two correlated variables do not imply causation (e.g. higher temperatures, less
accountability for adolescents in the summer time).
e PS.SPID.10 Create residual plots and analyze those plots to compare the fit of linear, quadratic, and exponential models to a given data set.
Select the appropriate model and use it for interpolation.
o Create residual plot (with or without technology) to evaluate the difference between predicted and actual values.
O Analyze residual plots to determine the most effective regression model (linear, quadratic or exponential).
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South Carolina College- and Career-Ready Standards for Mathematics

Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

High School Support Document
Probability and Statistics Unit 4: Bivariate Data and Scatterplots

New Academic Vocabulary for This Unit

Causation
Correlation
Extrapolate
Interpolate
Lurking Variable
Regression
Residual plot

South Carolina Department of Education | Office of Standards and Learning
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High School Support Document
Probability and Statistics Unit 4: Bivariate Data and Scatterplots

Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Prior Knowledge Required for this Unit

Scatterplot (A1.SPID.6)

Linear Functions (A1.SPID.6, A1.SPID.7, A1.FLQE.1, A1.FIF.4)
Exponential Functions (A1.SPID.6, A1.FLQE.1, A1.FIF.4)
Quadratic Functions (A1.SPID.6, A1.FIF.4)

Solving Equations (A1.ACE.1, A1.SPID.6)

Evaluating Functions (A1.ACE.1, A1.SPID.6)
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High School Support Document
Probability and Statistics Unit 4: Bivariate Data and Scatterplots
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Subsequent Knowledge Related to this Unit

The standards in this unit are not addressed in subsequent units.
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 4: Bivariate Data and Scatterplots
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Relationship Among Standards in this Unit

The standards in Probability and Statistics Unit 4 are organized to introduce students to analyzing bivariate data. This unit begins using technology
to create scatterplots and multiple linear regression models. The remainder of this unit focuses on interpreting the slope and y-intercept of the
model in context of the data, using the model to make predictions, and interpreting the strength of the model using the correlation coefficient.
Finally, students will create quadratic and exponential regression models for the data, using residual plots to identify the best model.
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 4: Bivariate Data and Scatterplots

Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 4.

Graph Data and Create Linear Model (PS.SPID.6*, PS.SPID.7*)

a.

NCTM: Exploring Linear Data

b. Annenberg Learner: Video - Fitting Lines to Data

C.

NCTM: Barbie Bungee

d. Annenberg Learner: Video - Scatterplots

Interpret Linear Model in Context of Data and Analyze the Strength of the Linear Model (PS.SPID.7* , PS.SPID.8* ).
a.

S@m 0 o0 oT

j-
k

NCTM: Interpreting Model, Evaluating Strength of Model
Illustrative Mathematics: Five Tasks Analyzing Bivariate
NCTM: Bathtub Water Levels

Better Lesson: Analyzing Residuals Using Online Applet
Better Lesson: Explore Correlation on Gapminder

Better Lesson: Correlation vs Causation

Better Lesson: Least Square Regression and Interpreting Linear Models
AMSTAT: Analyze Text Message Data

AMSTAT: The United States of Obesity

AMSTAT: Analyzing NFL Quarterback Salaries

Actuarial Foundation: Module 4

Analyze Alternate Regression Models (PS.SPID.10)

a.

NCTM: Shrinking Candles, Running Water, Folding Boxes

b. Better Lesson: Modeling with Exponential Functions

C.

MrsKrummel.com: Non Linear Regression Techniques
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https://illuminations.nctm.org/Lesson.aspx?id=1189
http://www.learner.org/courses/againstallodds/unitpages/unit11.html
https://illuminations.nctm.org/Lesson.aspx?id=2157
http://www.learner.org/courses/againstallodds/unitpages/unit10.html
https://illuminations.nctm.org/Lesson.aspx?id=1441
https://www.illustrativemathematics.org/content-standards/HSS/ID/B/6
https://illuminations.nctm.org/Lesson.aspx?id=1469
http://betterlesson.com/lesson/442646/analyzing-residuals
http://betterlesson.com/lesson/489407/expore-correlation-on-gapminder?from=cc_lesson_title
http://betterlesson.com/lesson/633805/correlation-vs-causation
http://betterlesson.com/lesson/634328/least-squares-regression-and-interpreting-linear-models
http://www.amstat.org/education/stew/pdfs/TextMessagingisTimeConsumingWhatGives.doc
http://www.amstat.org/education/stew/pdfs/TheUnitedStatesofObesity.docx
http://www.amstat.org/education/stew/pdfs/NFLQuarterbackSalaries.docx
http://www.actuarialfoundation.org/pdf/probstat_teacher_web_2014.pdf
https://illuminations.nctm.org/Lesson.aspx?id=1211
http://betterlesson.com/lesson/636159/auto-depreciation
http://mrskrummel.com/documents/NonLinearRegression.doc

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 4: Bivariate Data and Scatterplots
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Resources

Glencoe: Finding Median Fit of Regression Line on Calculator

Engageny: New York Curriculum Module

Gapminder: Data Sets, Motivating Videos, Data Representation Software
Master Math Mentor: Regression Unit

Stattrek: Correlation

Stattrek: Linear Regression

Stattrek: Residuals
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http://www.glencoe.com/sec/math/algebra/algebra1/algebra1_03/other_calculator_keystrokes/pdfs/alg103_ti82_pg306.pdf
https://www.engageny.org/resource/algebra-i-module-2-topic-c-overview
http://www.gapminder.org/
http://mastermathmentor.com/apstat/ap_manual2.ashx
http://stattrek.com/statistics/correlation.aspx?Tutorial=Stat
http://stattrek.com/regression/linear-regression.aspx?Tutorial=Stat
http://stattrek.com/regression/residual-analysis.aspx?Tutorial=Stat

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 4: Bivariate Data and Scatterplots
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Sample Formative Assessment Tasks/Questions

Illustrative Mathematics: Interpreting Linear Model (Texting & Grades)

Illustrative Mathematics: Interpreting Linear Model (Subaru)

Illustrative Mathematics: Create, Interpret & Analyze Linear Model (Coffee & Crime)
Illustrative Mathematics: Represent Bivariate Data & Interpret Linear Model (100m Dash)
Illustrative Mathematics: Represent Bivariate Data & Interpret Relationship (Restaurant Bill)
Better Lesson: Performance Task (The Big Mac Index)

NASA: Spacewalk Training

™0 o0 T
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https://www.illustrativemathematics.org/content-standards/HSS/ID/C/7/tasks/1028
https://www.illustrativemathematics.org/content-standards/HSS/ID/C/7/tasks/940
https://www.illustrativemathematics.org/content-standards/HSS/ID/C/7/tasks/1307
https://www.illustrativemathematics.org/content-standards/HSS/ID/C/7/tasks/1554
https://www.illustrativemathematics.org/content-standards/HSS/ID/B/6/tasks/2046
http://betterlesson.com/lesson/634468/performance-task-the-big-mac-index
http://www.nasa.gov/audience/foreducators/mathandscience/research/Prob_SpacewalkTrain_detail.html

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 5: Sampling and Simulation Design
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Probability and Statistics Unit 5 Title

Sampling and Simulation Design

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 5: Sampling and Simulation Design
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e PS.SPMJ.3 Plan and conduct a survey to answer a statistical question. Recognize how the plan addresses sampling technique,
randomization, measurement of experimental error and methods to reduce bias.
o Contrast and compare different sampling techniques (Simple Random, Cluster, Systematic, Stratified, Convenience).
e How each sampling method is conducted?
e What are the similarities and differences among the different sampling technique?
e How does each sampling technique address randomization?
e What opportunities exist for bias within each sampling technique?
e How might experimental errors occur within each sampling technique?
O Plan and conduct a survey
e |dentify an appropriate sampling technique and discuss:
o Randomization.
o Potentials for bias.
o Potentials for experimental error and how these could be measured.
e Conduct a survey
e PS.SPMJ.4 Use data from a sample survey to estimate a population mean or proportion; develop a margin of error through the use of
simulation models for random sampling.
O Use data from a sample survey to estimate a population mean or proportion.
O Use simulation models for random sampling to develop a margin of error.
e PS.SPMJ.5 Distinguish between experiments and observational studies. Determine which of two or more possible experimental designs will
best answer a given research question and justify the choice based on statistical significance.
Define observational studies and when they are appropriate.
o Define experimental studies and when they are appropriate.
o Compare and contrast observational and experimental studies.
O Given a research question, determine which of the experimental designs may work best and be able to justify the choice based on
statistical significance.
e PS.SPMJ.6 Evaluate claims and conclusions in published reports or articles based on data by analyzing study design and the collection,
analysis, and display of the data.
O Examine the use of data in a published report/article utilizes data.

o
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 5: Sampling and Simulation Design
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

o What sampling technique was used?
O What types of bias or experimental error might exist in the study?
O How is the data displayed and what do you think the author(s) wants readers to believe based on the display?
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High School Support Document

Probability and Statistics Unit 5: Sampling and Simulation Design
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

New Academic Vocabulary for This Unit

Bias

Blinding

Census

Cluster Sampling
Convenience Sampling
Double Blinding
Experimental Error
Experimental Study
Margin of Error
Observational Study
Population

Random
Randomization
Sample

Sampling Technique
Simple Random Sample
Simulation

Statistical Significance
Stratified Sampling
Survey

Systematic Sample

South Carolina Department of Education | Office of Standards and Learning
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 5: Sampling and Simulation Design
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Prior Knowledge Required for this Unit

e Mean (PS.SPID.2)
e Standard Deviation (PS.SPID.2)
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 5: Sampling and Simulation Design
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Subsequent Knowledge Related to this Unit

e Analyze Decisions and Strategies (PS.SPMD.6)
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 5: Sampling and Simulation Design
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Relationship Among Standards in this Unit

The standards in Probability and Statistics Unit 5 are organized to introduce students to constructing and conducting surveys, determining how to
obtain a sample from a given population, and the differences between observational and experimental studies. This unit also integrates the use of
means and proportions. After working through standards PS.SPMJ.3, PS.SPMJ.4, and PS.SPMJ.5, the students should be able to analyze data
presented in published articles.
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South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 5: Sampling and Simulation Design
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 5.

Randomization, Bias and Experimental Error (PS.SPMJ.3)
a. Better Lesson: Biased Versus Unbiased Samples

Sampling Techniques (PS.SPMJ.3)
a. Better Lesson: Sampling Simplified
b. Kahn Academy: Reasonable Samples
c. AMSTAT: Sampling in Archaeology (Multiple Sampling Techniques)
d. AMSTAT: Types of Average and Sampling

Developing Questions & Conducting a Survey (PS.SPMJ.3)
a. AMSTAT: Chocolicious

Experiments versus Observational Studies (PS.SPMJ.5)
a. Better Lesson: Statistical Studies

Estimate Population Mean, Proportion and find the Margin of Error (PS.SPMJ.4)
a. Kahn Academy: Population Mean
b. AMSTAT: How Wet is the Earth

Evaluate Published Reports (PS.SPMJ.6)
a. AMSTAT: Consuming Cola
b. Kahn Academy: Valid Claims
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http://betterlesson.com/lesson/438565/biased-versus-unbiased-samples-what-does-your-sample-represent
http://betterlesson.com/lesson/442522/sampling-simplified
https://www.khanacademy.org/math/probability/statistical-studies/statistical-questions/v/reasonable-samples
http://www.amstat.org/education/stew/pdfs/SamplinginArchaeology.docx
http://www.amstat.org/education/stew/pdfs/TypesofAverageandSamplingHouseholdWordstoDwellOn.pdf
https://www.amstat.org/education/stew/pdfs/Chocolicious.pdf
http://betterlesson.com/lesson/586650/statistical-studies
https://www.khanacademy.org/math/probability/statistical-studies/statistical-questions/v/statistics-sample-vs-population-mean
https://www.amstat.org/education/stew/pdfs/HowWetistheEarth.pdf
https://www.amstat.org/education/stew/pdfs/ConsumingCola.pdf
https://www.khanacademy.org/math/probability/statistical-studies/statistical-questions/e/valid-claims

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 5: Sampling and Simulation Design
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Resources

e Stattrek: Margin of Error

e Stattrek: Simple Random Sampling

e Stattrek: Stratified Sampling

e Master Math Mentor: Experimental Design Unit
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http://stattrek.com/estimation/margin-of-error.aspx?Tutorial=Stat
http://stattrek.com/sampling/simple-random-sampling.aspx?Tutorial=Stat
http://stattrek.com/survey-research/stratified-sampling.aspx?Tutorial=Stat
http://mastermathmentor.com/apstat/ap_manual3.ashx

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 5: Sampling and Simulation Design
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Sample Formative Assessment Tasks/Questions

Illustrative Mathematics: Musical Preferences
Illustrative Mathematics: Strict Parents
Illustrative Mathematics: High Blood Pressure
Illustrative Mathematics: Body Temperature

a
b.
c
d
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https://www.illustrativemathematics.org/content-standards/HSS/IC/A/1/tasks/123
https://www.illustrativemathematics.org/content-standards/HSS/IC/A/1/tasks/123
https://www.illustrativemathematics.org/content-standards/HSS/IC/B/3/tasks/1100
https://www.illustrativemathematics.org/content-standards/HSS/IC/B/4/tasks/1956

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
Probability and Statistics Unit 6: Basic Probability Concepts and Applications
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Probability and Statistics Unit 6 Title

Basic Probability Concepts & Applications

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e PS.SPCR.2 Use the multiplication rule to calculate probabilities for independent and dependent events. Understand that two events A and B
are independent if the probability of A and B occurring together is the product of their probabilities, and use this characterization to
determine if they are independent.

o P(B N A)isread as the probability of B, given A.

Two events are independent if P(AN B) = P(A) - P(B).

If two events are dependent, P(AN B) = P(A) - P(B|A).

Find probability of a sequence of events occurring, such as the probability of drawing two specific cards from a deck of cards.

Highlight circumstances that could change two events from being independent to dependent (e.g. finding the probability of drawing

2 cards of the same suit from a standard deck of card when the cards are replaced after each draw and not replaced after each draw).

o Could use tree diagrams to represent independent and dependent events and the sample space.

e PS.SPCR.3 Understand the conditional probability of A given B as P(A and B)/P(B), and interpret independence of A and B as saying that the
conditional probability of A given B is the same as the probability of A, and the conditional probability of B given A is the same as the
probability of B.

o If two events are dependent, P(B N A) = P(B) - P(A|B), thus it follows P(A|B) = P(ANn B)/P(B).
o Two events A and B are independent if P(B) = P(B|A), and P(A) = P(A|B).
e PS.SPCR.5 Recognize and explain the concepts of conditional probability and independence in everyday language and everyday situations.
o Determine whether daily events are independent or dependent (e.g. likelihood of rain and likelihood of going to the beach;
likelihood of rain and likelihood of a pop quiz).

e PS.SPCR.6 Calculate the conditional probability of an event A given event B as the fraction of B’s outcomes that also belong to A, and
interpret the answer in terms of the model.

o P(A|B)=P(ANnB)/P(B)

o If not addressed in Unit 1, use two-way tables and venn diagrams to find conditional probability.

o0 When using two-way tables and venn diagrams calculate the conditional probability with and without the formula. Highlight cases
when the formula given above is necessary based on the given information.

e PS.SPCR.7 Apply the Addition Rule and the Multiplication Rule to determine probabilities, including conditional probabilities, and interpret
the results in terms of the probability model.

o Addition Rule if events A and B are mutually exclusive: P(AU B) = P(A) + P(B)
o Addition Rule: P(AUB) = P(A) + P(B) —P(ANB)

O O OO
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High School Support Document
Probability and Statistics Unit 6: Basic Probability Concepts and Applications
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

o

Multiplication Rules: P(A N B) = P(A) - P(B) (independent events) or P(A N B) = P(A) - P(B|A) (dependent events).

® PS.SPCR.8 Use permutations and combinations to solve mathematical and real-world problems, including determining probabilities of
compound events. Justify the results.

(@)

(@)

o
o

|

Combination (when order does not matter): ,C r=L
ri(n—-r)!

_ n
_(n—r)!
Use counting principles to determine the number of ways you could form specific subsets from a larger group.
Use counting principles to determine the probability of forming specific subsets (e.g. A club consists of 20 juniors and 30 seniors.
Seven students are going to be randomly selected to form a committee. Find the probability that this committee consists of 4 juniors

and 3 seniors.)

Permutation (when the order matters): , P,

e PS.SPMJ.2*Distinguish between experimental and theoretical probabilities. Collect data on a chance event and use the relative frequency to
estimate the theoretical probability of that event. Determine whether a given probability model is consistent with experimental results.

(@)

(@)

Experimental probability is the ratio of the number of times an event occurs to the total number of trials or times the activity is
performed. This is the probability that results from observation of a sample.

Theoretical probability is the number of ways that the event can occur, divided by the total number of outcomes. This probability is
the understood or believed probability for the population.

Collect data on the number of times an event occurs out after a series of trials. Calculate the resulting experimental probability and
compare to the theoretical probability.
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New Academic Vocabulary for This Unit

Addition Rule
Combination
Compound Event
Conditional Probability
Dependent
Experimental Probability
Factorial

Independent
Multiplication rule
Permutation
Theoretical Probability
Tree Diagram

South Carolina Department of Education | Office of Standards and Learning
May 2016

Page 510




South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document

Probability and Statistics Unit 6: Basic Probability Concepts and Applications
Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Prior Knowledge Required for this Unit

e |Intersection (PS.SPCR.1)

Probability of Simple and Compound Events (7.DSP.5 - 8)
Marginal Frequency (PS.SPID.5)

Joint Frequency (PS.SPID.5)

Conditional Frequency (PS.SPID.5)

Venn Diagrams (PS.SPCR.1)

Two-Way Tables/Contingency Tables (PS.SPCR.4)
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Return to High School Overview, High School Table of Contents, or Probability and Statistics Coversheet.

Subsequent Knowledge Related to this Unit

Probability Distributions (PS.SPMD.1)
Expected Value (PS.SPMD.2)
Binomial Distribution (PS.SPMJ.3)
Normal Distribution (PS.SPID.4)
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Relationship Among Standards in this Unit

The standards in Probability and Statistics Unit 6 are organized to introduce students to finding both theoretical and experimental probability. This
unit begins by introducing students to finding the probability of simple and combined events using the addition and multiplication rule. This
prepares students for finding conditional probability and determining whether events are independent. Students may use tree-diagrams, two-way
(contingency) tables, or venn diagrams as an organizational and visual tool. Finally, students will extend on these topics by using counting principles
to determine the probability of forming specific subsets of a population. This prepares students for studying probability distributions in the
subsequent unit.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 6.

Distinguish Between Experimental and Theoretical Probabilities (PS.SPMJ.2)
a. Khan Academy: Comparing Theoretical to Experimental Probabilities
b. Algebra-Class:Theoretical Probability versus Experimental Probability
c. Regents Prep: Theoretical vs. Empirical Probability
d. Online Math Learning: Theoretical Probability and Experimental Probability
e. NCTM: Analyze the Relationship Between Experimental and Theoretical Probabilities

Determining Probability (PS.SPCR.2, PS.SPCR.7)

a. Regents Prep: Hitting the Target Activity
Better Lesson: Monty Hall Problem
Better Lesson: Mixed Probability Problem Set
Illustrative Mathematics: Three Addition Rule Tasks
Illustrative Mathematics: Multiplication Rule Task
Mathwire: Tossing 1 Die (multiple activities)
g. Bull Head Schools: Probability Foldable

-0 oo oT

Conditional Probability (PS.SPCR.3, PS.SPCR.5, PS.SPCR.6)
a. Better Lesson: Introduction to Conditional Probability
b. Better Lesson: Conditional Probability & Independence Activity
c. lustrative Mathematics: Four Conditional Probability Tasks
d. NCTM: Explorations with Chance, Analyzing Fairness

Counting Principles (PS.SPCR.8)
a. Better Lesson: Permutations Practice
b. Better Lesson: Counting Principles
c. Better Lesson: Using Counting Principles to Find Probability
d. lllustrative Mathematics: Four Counting Principles Tasks
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https://www.khanacademy.org/math/cc-seventh-grade-math/cc-7th-probability-statistics/cc-7th-theoretical-and-experimental-probability/v/comparing-theoretical-to-experimental-probabilites
http://www.algebra-class.com/theoretical-probability.html
http://www.regentsprep.org/regents/math/algebra/apr5/theoprop.htm
http://www.onlinemathlearning.com/theoretical-probability.html
http://illuminations.nctm.org/Activity.aspx?id=3532
http://www.regentsprep.org/regents/math/algebra/apr5/TEvent.htm
http://betterlesson.com/lesson/609036/the-monty-hall-problem?from=cc_lesson_title
http://betterlesson.com/lesson/637211/solving-probability-problems-and-learning-target-check-in?from=cc_lesson_title
https://www.illustrativemathematics.org/content-standards/HSS/CP/B/7
https://www.illustrativemathematics.org/content-standards/HSS/CP/B/8/tasks/1601
http://www.mathwire.com/data/dicetoss1.html
http://www.bullheadschools.com/common/pages/DisplayFile.aspx?itemId=24239666
http://betterlesson.com/lesson/609052/conditional-probability
http://betterlesson.com/lesson/639509/investigating-claims-about-cancer
https://www.illustrativemathematics.org/content-standards/HSS/CP/B/6
https://illuminations.nctm.org/Lesson.aspx?id=1145
http://betterlesson.com/lesson/609060/permutations-practice?from=cc_lesson_title
http://betterlesson.com/common_core/browse/788/ccss-math-content-hss-cp-a-2-understand-that-two-events-a-and-b-are-independent-if-the-probability-of-a-and-b-occurring-together?from=domain_core_lesson_count
http://betterlesson.com/lesson/636165/counting-problems-combinations-and-permutations?from=cc_lesson_title
https://www.illustrativemathematics.org/content-standards/HSS/CP/B/9
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Resources

Khan Academy: Making Predictions with Probability

Khan Academy: Constructing Probability Models from Data
[llustrative Mathematics: Activities, Performance Tasks
Henrico County Public Schools, Virginia: Probability Resources
Master Math Mentor: Probability Unit
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https://www.khanacademy.org/math/cc-seventh-grade-math/cc-7th-probability-statistics/cc-7th-theoretical-and-experimental-probability/v/making-predictions-with-probability
https://www.khanacademy.org/math/cc-seventh-grade-math/cc-7th-probability-statistics/cc-7th-theoretical-and-experimental-probability/v/constructing-probability-model-from-observations
https://www.illustrativemathematics.org/content-standards/HSS
http://teachers.henrico.k12.va.us/math/HCPSCourse2/7-9.html
http://mastermathmentor.com/apstat/ap_manual4.ashx
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Sample Formative Assessment Tasks/Questions

Better Lesson: Introduction to Probability Formative Assessment
Better Lesson: Probability Performance Task (Analyzing the Lottery)
Better Lesson: Mixed Probability Problem Set

Illustrative Mathematics: Four Conditional Probability Tasks
Illustrative Mathematics: Three Addition Rule Tasks

Illustrative Mathematics: Multiplication Rule Task

Illustrative Mathematics: Four Counting Principles Tasks

™0 o0 T
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http://betterlesson.com/lesson/609062/probability-assessment?from=cc_lesson_title
http://betterlesson.com/lesson/636166/performance-task-analyzing-the-powerball-lottery?from=cc_lesson_title
http://betterlesson.com/lesson/637211/solving-probability-problems-and-learning-target-check-in?from=cc_lesson_title
https://www.illustrativemathematics.org/content-standards/HSS/CP/B/6
https://www.illustrativemathematics.org/content-standards/HSS/CP/B/7
https://www.illustrativemathematics.org/content-standards/HSS/CP/B/8/tasks/1601
https://www.illustrativemathematics.org/content-standards/HSS/CP/B/9

South Carolina College- and Career-Ready Standards for Mathematics
High School Support Document
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Probability and Statistics Unit 7 Title

Sampling Distributions & Expected Value

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e PS.SPMD.1 Develop the probability distribution for a random variable defined for a sample space in which a theoretical probability can be
calculated and graph the distribution.
o Construct a probability model/distribution based on theoretical probabilities. This could be in the form of any table, graph, or
formula that gives each possible value and the probability of that value.
O Graph the probability distribution (Random variable on x-axis. Corresponding probability on y-axis. Discrete random variables are
typically shown as histograms.)
e PS.SPMD.2 Calculate the expected value of a random variable as the mean of its probability distribution. Find expected values by assigning
probabilities to payoff values. Use expected values to evaluate and compare strategies in real-world scenarios.
O Calculate the expected value of a random variable as the mean of its probability distribution.
o E(x)=2XxP(x)
O Relate expected value formula to finding the mean of data arranged in a frequency table to strengthen student understanding.
o Compare expected values for different games of chance to determine which games should be played and which games have high and
low payoffs.
e PS.SPMD.3 Construct and compare theoretical and experimental probability distributions and use those distributions to find expected
values.
o Construct experimental probability distributions using either sample data or trials.
o Compare the experimental probability distribution to the theoretical distribution.
o Determine the expected value of both distributions.
e PS.SPMD.4* Use probability to evaluate outcomes of decisions by finding expected values and determine if decisions are fair.
o0 Weigh possible outcomes of a decision by assigning probabilities to payoff values and finding the expected value.
o Find the expected payoff for a game of chance (e.g. find the expected winnings from buying a lottery ticket).
o Determine whether events are fair by analyzing the expected value.
e PS.SPMD.5* Use probability to evaluate outcomes of decisions. Use probabilities to make fair decisions.
O Evaluate and compare strategies on the basis of expected value (e.g. compare high and low deductible auto insurance policies using
various chances of having an accident).
o Determine whether events or games are fair by calculating the expected value.
o Determine conditions needed to make events or games considered fair.
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e PS.SPMD.6* Analyze decisions and strategies using probability concepts.
O Evaluate data to determine whether or not the best decision was made.
o Consider all available strategies to determine and defend a strategy to recommend.
o Critique the decision-making process before, during, and after an event’s occurrence. This could include critiquing an article, medical
testing, product testing, coaching decisions made in athletic events, etc.
e PS.SPMJ.1* Understand statistics and sampling distributions as a process for making inferences about population parameters based on a
random sample from that population.
O Recognize that the sample distribution is a subset of the population, such that it is sizeable enough to make inferences about
ultimate parameters of the population.
O Use sample statistics to make predictions for the population. This could include predicting the number of green M&M’s produced by
Mars Chocolate based on the number of green M&M’s found in samples.
o Confidence Intervals and Hypothesis Testing is saved for Unit 8 as an extension unit.
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New Academic Vocabulary for This Unit

e Expected Value

e Fair Game/Decision

e Probability Distribution
® Random Variable
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Prior Knowledge Required for this Unit

e Understand what probability means (7.DSP.5 - 7.DSP.8 and Unit 6)

Understand what a sample space is (7.DSP.8, PS.SPCR.1)

Distinguish between theoretical and experimental probability (7.DSP.8, PS.SPMJ.2* )

Understand what it means for data to be normally distributed and how to relate this data to the standard normal distribution (PS.SPID.4)
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Subsequent Knowledge Related to this Unit

e Unit 8 includes instruction on confidence intervals and hypothesis testing, which will further address PS.SPMJ.1.
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Relationship Among Standards in this Unit

The standards in Probability and Statistics Unit 7 are organized to introduce students to sampling distributions and expected values. This unit begins
by introducing students to probability distributions of theoretical probabilities for discrete random variables. The students then calculate expected
values based on these distributions. After exploring theoretical probability distributions, students compare experimental probability to the
corresponding theoretical probability. As the concluding topics for this course, students use probability to evaluate decisions and to use sample
data while making inferences about the population.
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Possible Instructional Strategies/Lessons

The order of the topics below illustrates a possible instructional order for Unit 7.

Probability Distributions (PS.SPMD.1)
a. AMSTAT: Using Dice to Introduce Sampling Distribution
b. Kahn Academy: Discrete Probability Distributions
c. Kahn Academy: Probability Distribution Activity

Expected Value (PS.SPMD.2, PS.SPMD.3, PS.SPMD.4, PS.SPMD.5)
a. Better Lesson: Probability Distribution & Expected Value
b. NCTM: Explorations With Chance: Is It Fair

Use Sample Data to Make Inferences (PS.SPMJ.1)
a. lllustrative Mathematics: Use Probability to Make Decisions
b. AMSTAT: Odd or Even
c. Actuarial Foundation: Module 3

Use Probability to Make Decisions (PS.SPMD.6)
a. NCTM: Stick or Switch (lteration of the Monty Hall problem)

b. Better Lesson: Game Project - Playing Against All Odds

South Carolina Department of Education | Office of Standards and Learning

May 2016

Page 524



http://www.amstat.org/education/stew/pdfs/UsingDicetoIntroduceSamplingDistributions.doc
https://www.khanacademy.org/math/probability/random-variables-topic/random_variables_prob_dist/v/discrete-probability-distribution
https://www.khanacademy.org/math/probability/random-variables-topic/random_variables_prob_dist/e/constructing-probability-distributions
http://betterlesson.com/common_core/browse/799/ccss-math-content-hss-md-a-1-define-a-random-variable-for-a-quantity-of-interest-by-assigning-a-numerical-value-to-each-event-in?from=domain_core_lesson_count
https://illuminations.nctm.org/Lesson.aspx?id=1145
https://www.illustrativemathematics.org/HSS-MD
https://www.amstat.org/education/stew/pdfs/OddOrEven9-12Nov2015.pdf
http://www.actuarialfoundation.org/pdf/probstat_teacher_web_2014.pdf
https://illuminations.nctm.org/Lesson.aspx?id=1399
http://betterlesson.com/lesson/resource/1942710/playin-against-all-odds-entry-document-docx?from=resource_image
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Resources

® Annenberg Learner Video - Probability Models
e Stattrek: Probability Distributions
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http://www.learner.org/courses/againstallodds/unitpages/unit19.html
http://stattrek.com/probability-distributions/probability-distribution.aspx
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Sample Formative Assessment Tasks/Questions

a. AMSTAT: Odd or Even page 7
b. lllustrative Mathematics: Bagel Shop
c. lllustrative Mathematics: Fred’s Fun Factory
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https://www.amstat.org/education/stew/pdfs/OddOrEven9-12Nov2015.pdf
https://www.illustrativemathematics.org/content-standards/HSS/MD/A/2/tasks/1023
https://www.illustrativemathematics.org/content-standards/HSS/MD/A/2/tasks/1197
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Probability and Statistics Unit 8 Title

Extension Topics

Content Standards with Clarifying Notes Prior Knowledge Required for this Unit Possible Instructional Strategies/Lessons
New Academic Vocabulary for This Unit Subsequent Knowledge Related to this Unit Resources
Relationship Among Standards in this Unit Sample Formative Assessment Tasks/Questions
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Content Standards with Clarifying Notes
Open bullets indicate clarifying notes.

e SPMJ.1* Understand statistics and sampling distributions as a process for making inferences about population parameters based on a
random sample from that population. (Extension from Unit 7)

o Construct, describe and use confidence intervals to make inferences about population parameters.

O Hypothesis testing
e Formulate the null hypothesis.
e |dentify the test statistic to be used.
e Compute the p-value.
e Compare the p-value to the significance value.
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High School Support Document
Probability and Statistics Unit 8: Extension Topics

New Academic Vocabulary for This Unit

Confidence Interval
Hypothesis Testing
Null Hypothesis
P-value
Significance Value
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Prior Knowledge Required for this Unit

e Cumulative Course Standards
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Subsequent Knowledge Related to this Unit

The standards in this unit are not addressed in subsequent units.
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Relationship Among Standards in this Unit

This unit is optional and serves as an extension to the standards covered throughout the course. Students can be given the opportunity to construct
confidence intervals, develop and test hypothesis, work with p-values and explore chi-square testing.
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Possible Instructional Strategies/Lessons
The order of the topics below illustrates a possible instructional order for Unit 8.

Confidence Intervals and Hypothesis Testing

a.
b
C.
d.
e

f

MrsKrummel.com: Introducing Margin of Error

Kahn Academy: Confidence Intervals

Brownmath: M&M Confidence Interval Activity

University of California: Chips Ahoy Hypothesis Testing

NASA: A Human Factor of Space Flight

AMSTAT: An AMazing Comparison (Create and Conduct a Hypothesis Test)

Chi-Squared Test for Categorical Data

a.
b.
C.

AMSTAT: The Case of the Careless Zoo Keeper
Online Stat Book: Chi Square
AMSTAT: The Psychic Staring Effect (Four Components of Statistical Problem Solving)
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http://mrskrummel.com/documents/MarginofError.pdf
https://www.khanacademy.org/math/probability/statistics-inferential/confidence-intervals/v/confidence-interval-1
http://brownmath.com/stat/mmslab.htm
http://serc.carleton.edu/sp/cause/conjecture/examples/18165.html
http://www.nasa.gov/audience/foreducators/mathandscience/research/Prob_DisplayDesign_detail.html
http://www.amstat.org/education/stew/pdfs/AnAmazingComparison.docx
http://www.amstat.org/education/stew/pdfs/thecaseofthecarelesszookeeper.docx
http://onlinestatbook.com/2/chi_square/Chi_Square.html
http://www.amstat.org/education/stew/pdfs/IAlwaysFeelLikeSomebodysWatchingMe.docx
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Resources

e Stattrek: Hypothesis Testing

e Stattrek: How to Test Hypothesis

e Stattrek: Chi-Square

e Master Math Mentor: Inference Unit
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http://stattrek.com/hypothesis-test/hypothesis-testing.aspx?Tutorial=Stat
http://stattrek.com/hypothesis-test/how-to-test-hypothesis.aspx?Tutorial=Stat
http://stattrek.com/chi-square-test/goodness-of-fit.aspx?Tutorial=Stat
http://mastermathmentor.com/apstat/ap_manual5.ashx
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Sample Formative Assessment Tasks/Questions

a. AMSTAT: The Blob
b. AMSTAT: Walk the Line
c. MrsKrummel.com: Final Inference Project
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https://www.amstat.org/education/stew/pdfs/TheBlob.pdf
https://www.amstat.org/education/stew/pdfs/WalktheLine.pdf
http://mrskrummel.com/documents/APStatProject.doc
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