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	Certain mathematics benchmarks are marked with an asterisk (*). These asterisked benchmarks represent content that is recommended for all students, but is required for those students who plan to take calculus in college, a requisite for mathematics and many mathematics intensive majors.
	
	Process standards incorporated in each GLE:
[SP ]- Solves Problems
[RL]- Reasons Logically
[CU]- Communicates Understanding
[MC]- Makes Connections
W - refers to areas that could appear on the Washington Assessment of Student Learning (WASL)
	

	I. Number Sense and Numerical Operations
The high school graduate can:
	
	EALR 1: The student understands and applies the concepts and procedures of mathematics.


	M1 Understand and use the basic concepts and procedures of mathematics.



	I1. Compute with rational numbers fluently and accurately without a calculator:
	
	Component 1.1:  Understand and apply concepts and procedures from number sense.


	

	I1.1. Add, subtract, multiply and divide integers, fractions and decimals.





	
	1.1.6 Apply strategies to compute fluently with rational numbers in all forms including whole number exponents.  W
· Complete multi-step computations using order of operations in situations involving combinations of rational numbers including whole number exponents and square roots of square numbers. [MC]

· Calculate using order of operations on all forms of rational numbers (e.g., (3(2+5)2-8, 22+ 32).

· Use properties to reorder and rearrange expressions to compute more efficiently. [ RL]


	M1.1 Use and apply the concepts of numbers and numerations,

computations, and estimations.



	I1.3. Use the correct order of operations to evaluate arithmetic expressions, including those containing parentheses.
	
	
	

	I1.2. Calculate and apply ratios, proportions, rates and percentages to solve problems.
	
	1.1.4 Apply understanding of direct and inverse proportion to solve problems.  W
· Explain a method for determining whether a real-world problem involves direct proportion or inverse proportion. [SP, CU, MC]

· Explain a method for solving a real-world problem involving direct proportion. [CU, MC]

· Explain a method for solving a real-world problem involving inverse proportion. [CU, MC]

· Solve problems using direct or inverse models (e.g., similarity, age of car vs. worth). [SP, MC]

· Explain, illustrate, or describe examples of direct proportion. [CU]

· Explain, illustrate, or describe examples of inverse proportion. [CU]

· Use direct or inverse proportion to determine a number of objects or a measurement in a given situation.

Grade 8- 1.1.4 Apply ratio, percent, and direct proportion in situations. W
· Solve problems involving ratio and proportion (e.g., similar figures, scale drawings, rates, find unit pricing, increase or decrease a recipe, find the portions for a group converting between different units of measure, or finding medicinal dosages). [SP, RL, CU, MC]
· Solve problems involving percentages (e.g., percent increase/decrease, tax, commission, discount). [SP, RL, CU, MC]
Explain advantages and disadvantages of different representations in a given situation (e.g., using 1/3 versus 33 1/3 %). [CU]
	

	I1.4. Explain and apply basic number theory concepts such as prime number, factor, divisibility, least common multiple and greatest common divisor.
	
	· GRADE 6- 1.1.1 Apply rules of divisibility to show if a quotient is an integer. [SP, RL]
· GRADE 7-1.1.1 Identify prime, square, or composite numbers. [CU]
· GRADE 6- 1.1.6 Use the least common multiple and the greatest common factor of whole numbers to solve problems with fractions
	

	I1.5. Multiply and divide numbers expressed in scientific notation.
	
	
	

	I2. Recognize and apply magnitude (absolute value) and ordering of real numbers:


	
	
	

	I2.1. Locate the position of a number on the number line, know that its distance from the origin is its absolute value and know that the distance between two numbers on the number line is the absolute value of their difference.
	
	GRADE 8 1.5.3-Understand relationships between quantities including whole number exponents, square roots, and absolute value W
· Model or describe a real-life situation, using absolute value. [CU, MC].

· Use =, ≠, <, >, ≤, or ≥ to express relationships between integers and between rational numbers including percents, square roots, absolute value and exponents. [CU
	

	I2.2. Determine the relative position on the number line of numbers and the relative magnitude of numbers expressed in fractional form, in decimal form, as roots or in scientific notation.
	
	1.1.1 Understand and apply scientific notation.  W
· Read and use scientific and exponential notation. [MC, RL]

· Identify a real-life situation to match a particular number written in scientific or exponential notation and justify the answer. [MC, RL]

· Use scientific or exponential notation to simplify a problem. [RL, MC]

· Illustrate the meaning of scientific notation using pictures, diagrams, or numbers. [CU]

Read and translate numbers represented in scientific notation from calculators and other technology, tables, and charts.
GRADE 8- 1.5.3 Understand relationships between quantities including whole number exponents, square roots, and absolute value W
· Represent relationships between quantities using exponents (squares) and radicals (roots).
· Explain the placement of numbers including square roots and exponents on a number line. [CU]
GRADE 7 -1.1.2 Understand the relative values of rational numbers. W
 Compare and order rational numbers using physical models or implementing strategies (e.g., like denominators, changing to the same form). [SP, RL, CU, MC]

 Locate symbolic representations of rational numbers including fractions, decimals, and percents on a physical model (e.g., a number line, fraction line, decimal grid, and circle graph. [MC]


	

	I3. Understand that to solve certain problems and equations, number systems need to be extended from whole numbers to the set of all integers (positive, negative and zero), from integers to rational numbers, from rational numbers to real numbers (rational and irrational numbers) and from real numbers to complex numbers; define and give examples of each of these types of numbers.
	
	
	

	I4. Understand the capabilities and the limitations of calculators and computers in solving problems:
	
	
	M5 Identify and use appropriate

quantitative technology.

	I4.1. Use calculators appropriately and make estimations without a calculator regularly to detect potential errors.
	
	· Read and translate numbers represented in scientific notation from calculators and other technology, tables, and charts.

· Use estimation to predict or to verify the reasonableness of calculated results. [RL]


	M5.1 Use a scientific calculator effectively.

T1.3 Identify and use appropriate mathematics technology.

	I4.2. Use graphing calculators and computer spreadsheets.
	
	
	

	
	
	Estimation
1.1.8 Apply estimation strategies to determine the reasonableness of 
results in situations involving multi-step computations with rational numbers including whole number powers and square and cube roots. W
· Identify when an approximation is appropriate. [MC]

· Explain situations involving real numbers where estimates are sufficient and others for which exact value is required. [CU]

· Justify why an estimate would be used rather than an exact answer in a given situation. [CU]

· Describe various strategies used during estimation involving integers, rational numbers. [CU]

· Use estimation to predict or to verify the reasonableness of calculated results. [RL]


	

	J. Algebra

The high school graduate can:


	
	Component 1.5:  Understand and apply concepts and procedures from algebraic sense.

	

	J1. Perform basic operations on algebraic expressions fluently and accurately:
	
	
	

	J1.1. Understand the properties of integer exponents and roots and apply these properties to simplify algebraic expressions.
	
	1.5.5 Apply procedures to simplify expressions.  W
· Simplify expressions and evaluate formulas involving exponents.

· Justify a simplification of an expression involving exponents. [RL, CU]

· Use multiple mathematical strategies and properties to simplify expressions. 


	

	J1.2. *Understand the properties of rational exponents and apply these properties to simplify algebraic expressions.


	
	
	

	J1.3. Add, subtract and multiply polynomials; divide a polynomial by a low degree polynomial.


	
	
	

	J1.4. Factor polynomials by removing the greatest common factor; factor quadratic polynomials.


	
	
	

	J1.5. Add, subtract, multiply, divide and simplify rational expressions.


	
	
	

	J1.6. Evaluate polynomial and rational expressions and expressions containing radicals and absolute values at specified values of their variables.


	
	
	

	J1.7. * Derive and use the formulas for the general term and summation of finite arithmetic and geometric series; find the sum of an infinite geometric series whose common ratio, r, is in the interval (-1, 1).


	
	1.5.1 Apply processes that use repeated addition (linear) or repeated multiplication (exponential).  W
· Recognize, extend, or create a pattern or sequence between sets of numbers and/or linear patterns.  [RL, CU, MC]

· Identify, extend, or create a geometric or arithmetic sequence or pattern. [RL, CU]

· Translate among equivalent numerical, graphical, and algebraic forms of a linear function. [RL, MC]

· Make predictions based on a pattern or sequence.

1.5.2 Analyze a pattern, table, graph, or model involving repeated addition (linear) or repeated multiplication (exponential) model to write an equation or rule. W
· Identify or write an equation or rule to describe a pattern, sequence, and/or a linear function. [RL, CU, MC]

· Write a recursive definition of a geometric pattern (e.g., Start and New = Old * Number). [CU, MC]

· Recognize and write equations in recursive form for additive models (e.g., starting value, New=Old + some number). [CU, MC]

· Recognize and write equations in recursive form for additive models (e.g., starting value, New=Old × some number). [CU, MC]


	

	J2. Understand functions, their representations and their properties:
	· MATHEMATICS CONTENT STANDARD 5:

proves knowledge of basic operations with functions such as addition, composition, and transformation of functions


	
	M1.5 Understand the concept of functions by several means – verbally, numerically, graphically, and symbolically - and demonstrate how a variety of problem situations can be modeled by functions.

	J2.1. Recognize whether a relationship given in symbolic or graphical form is a function.
	· can find a linear function from its graph or from a table of values

· recognizes the graphs of common functions

· recognizes if a graph represents a function

	
	

	J2.2. *Determine the domain of a function represented in either symbolic or graphical form.
	· in a practical context, can find and interpret the domain and range of a linear function 
· in an applied context, correctly identifies domain and range of a quadratic function

· can determine the domain and range of functions, especially in an applied context


	
	

	J2.3. Understand functional notation and evaluate a function at a specified point in its domain.
	




	
	

	J2.4. * Combine functions by composition, as well as by addition, subtraction, multiplication and division.
	· given the graphs of f(x) and g(x), can sketch the graphs of the functions f(x) + g(x) and 

f ( g(x)
· adds and composes functions correctly


	
	

	J2.5. *Identify whether a function has an inverse and when functions are inverses of each other; explain why the graph of a function and its inverse are reflections of one another over the line y = x.
	
	
	

	J2.6. *Know the inverse of an exponential function is a logarithm, prove basic properties of a logarithm using properties of its inverse and apply those properties to solve problems.

	· understands the relationship between exponential and logarithmic equations 

      {i.e., y = es ( ln(y)}
	
	

	J3. Apply basic algebraic operations to solve equations and inequalities:


	· MATHEMATICS CONTENT STANDARD 1:

investigates situations, formulates questions, and constructs solutions that demonstrate mastery of linear functions and their applications including the use of graphs


	1.5.6 Apply procedures to solve equations and systems of equations. W
1.5.4 Apply understanding of equations, tables, or graphs to represent situations involving relationships that can be written as repeated addition (linear) or repeated multiplication (exponential).  W

	

	J3.1. Solve linear equations and inequalities in one variable including those involving the absolute value of a linear function.


	· solves linear equations of the form ax+b=cx+d correctly


	· Solve multi-step equations. [SP, RL]


	

	J3.2. Solve an equation involving several variables for one variable in terms of the others.


	· calculates the value of the independent variable from the value of the dependent variable


	· Rearrange formulas to solve for a particular variable (e.g., given
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	J3.3. Solve systems of two linear equations in two variables.


	· understands the meaning of the solution of a system of two linear equations in two unknowns


	· Find the solution to a system of linear equations using tables, graphs, and symbols. [CU, MC]

· Interpret solutions of systems of equations. [CU, MC]

· Represent systems of equations and inequalities graphically. [RL, MC]


	

	J3.4. * Solve systems of three linear equations in three variables.


	
	
	

	J3.5. Solve quadratic equations in one variable.


	· MATHEMATICS CONTENT STANDARD 2:

investigates situations, formulates questions, and constructs solutions that demonstrate mastery of quadratic functions and their applications, including the use of graphs


	
	

	
	· can use the quadratic formula to:

a) solve quadratic equations;

b) find the zeros of a quadratic function;

c) find the points where a parabola intersects the horizontal axis;

d) compute the input coordinate(s) from the corresponding output coordinate;

e) determine the point(s) of intersection of two parabolas or of a line and a parabola
	
	

	J4. Graph a variety of equations and inequalities in two variables, demonstrate understanding of the relationships between the algebraic properties of an equation and the geometric properties of its graph, and interpret a graph:
	· provides evidence of understanding how changes in a, b, c and d affect the graph of a function of the form y = af (bx + c)+d

	
	

	J4.1. Graph a linear equation and demonstrate that it has a constant rate of change.


	· correctly graphs linear functions

· can interpret the rate as the slope of a line, and the slope of a line as rate


	GRADE 8 -1.5.2 Explain the nature of changes in quantities in linear relationships using graphs. [MC]
	

	J4.2. Understand the relationship between the coefficients of a linear equation and the slope and x- and y-intercepts of its graph.


	· can calculate the slope and y-intercept of a line from a graph, from a linear equation ax+by=c, or from a linear function f(x)=mx+b
· can interpret the rate as the slope of a line, and the slope of a line as rate

· correctly labels the x- and y-intercepts on the graph of a linear function

· in practical situations, can interpret the meaning of the x- and y-intercepts and of the slope


	· Find the equation of a line in a variety of ways (e.g., from a table, graph, slope-intercept, point-slope, two points). [RL, MC]


	

	J4.3. Understand the relationship between a solution of a system of two linear equations in two variables and the graphs of the corresponding lines.
	· understands the meaning of the solution of a system of two linear equations in two unknowns


	· Find the solution to a system of linear equations using tables, graphs, and symbols. [CU, MC]

· Interpret solutions of systems of equations. [CU, MC]

· Represent systems of equations and inequalities graphically. [RL, MC]


	

	J4.4. Graph the solution set of a linear inequality and identify whether the solution set is an open or a closed half-plane; graph the solution set of a system of two or three linear inequalities.


	
	· Represent systems of equations and inequalities graphically. [RL, MC]
GRADE 8 -1.5.4 (single variable)
· Given a description or a situation involving an inequality, model the relationship with a graph or table. [CU, MC]

· Describe a situation involving an inequality that matches a given graph. [CU, MC]
	

	J4.5. Graph a quadratic function and understand the relationship between its real zeros and the x-intercepts of its graph.


	· recognizes the graph of a quadratic function is a parabola and that a parabola is the graph of a quadratic function

· correctly graphs quadratic functions

· sketches and labels the key points and lines on the graph of a quadratic function (the zeros, the vertex, and the axis of symmetry)

· can use the quadratic formula to:
a) solve quadratic equations;

b) find the zeros of a quadratic function;

c) find the points where a parabola intersects the horizontal axis;

d) compute the input coordinate(s) from the corresponding output coordinate;

e) determine the point(s) of intersection of two parabolas or of a line and a parabola

· finds and interprets maximum or minimum values of a quadratic function

	
	

	J4.6. *Graph ellipses and hyperbolas whose axes are parallel to the x and y axes and demonstrate understanding of the relationship between their standard algebraic form and their graphical characteristics.


	· MATHEMATICS CONTENT STANDARD 3:

proves basic knowledge of polynomial, logarithmic, and exponential functions and their applications and can correctly distinguish among various types of functions and graphs to determine which would best model the given data
	
	

	
	· recognizes the graphs of common polynomial, rational, logarithmic, and exponential functions, i.e., first, second, and third degree polynomials, together with functions of  form:

                       a

       f(x) =   -------   + c; 
                   (x-b)
      f(x) =  aln+ c;                and,
      f(x) =  aebx + c(x - b)


· recognizes if a graph represents a polynomial, logarithmic, or exponential function
· interprets the meaning of Asymptotes


	
	

	J4.7. Graph exponential functions and identify their key characteristics.


	
	1.5.4 Apply understanding of equations, tables, or graphs to represent situations involving relationships that can be written as repeated addition (linear) or repeated multiplication (exponential).  W

	

	J4.8. Read information and draw conclusions from graphs; identify properties of a graph that provide useful information about the original problem.

	· can find a linear function from its graph or from a table of values

· in practical situations, can interpret the meaning of the x- and y-intercepts and of the slope

· finds and interprets the maximum or minimum value of a linear function defined on an interval (i.e., knows that the maximum and the minimum occur at the endpoints of the interval)

· interprets the graph of a quadratic function in practical contexts

· interprets the graph of polynomial, logarithmic, and exponential functions in applied contexts (e.g., sound intensity, exponential growth, compound interest)

· interprets the meaning of Asymptotes


· interprets the graph of a function in an applied context

· estimates the rate of change in output with respect to change in input from the graph of the function





	· Write a story that represents a given linear equation or expression. [CU, MC]

· Write an expression, equation, or inequality with two variables representing a linear model of a real-world problem. [CU, MC]


	M4.5 Analyze and interpret information from real-life charts and graphs.


	J5. Solve problems by converting the verbal information given into an appropriate mathematical model involving equations or systems of equations; apply appropriate mathematical techniques to analyze these mathematical models; and interpret the solution obtained in written form using appropriate units of measurement:
	
	· Translate among equivalent numerical, graphical, and algebraic forms of a linear function.[ RL, MC]

· Find the equation of a line in a variety of ways (e.g., from a table, graph, slope-intercept, point-slope, two points). [RL, MC]

· Select an expression or equation to represent a given real world situation. [MC]


	
M1.6 Represent mathematical situations symbolically and utilize appropriate algebraic, graphical, or numerical methods and technology to solve problems.

M4.1 Explore problems and describe results using geometric, numerical,

graphical, and algebraic representations.



	J5.1. Recognize and solve problems that can be modeled using a linear equation in one variable, such as time/rate/distance problems, percentage increase or decrease problems, and ratio and proportion problems.


	· can interpret the rate as the slope of a line, and the slope of a line as rate

· can use linear functions to solve practical problems

· in practical situations, can interpret the meaning of the x- and y-intercepts and of the slope


	· Solve real-world situations involving linear relationships and verify that the solution makes sense in relation to the problem. [SP, RL, CU, MC]

· Generate and use rules for a pattern to make predictions about future events (e.g., population growth, future sales, growth of corn stalks, future value of savings account). [SP, RL, MC]

· Write a story that represents a given linear equation or expression. [CU, MC]

· Write an expression, equation, or inequality with two variables representing a linear model of a real-world problem. [CU, MC]

· Represent variable quantities through expressions, equations, inequalities, graphs, and tables to represent linear situations involving whole number powers and square and cube roots. [CU, MC]

· Identify and use variable quantities to read and write expressions and equations to represent situations that can be described using repeated addition (e.g., models that are linear in nature). [CU, MC]


	

	J5.2. Recognize and solve problems that can be modeled using a system of two equations in two variables, such as mixture problems.


	· understands the meaning of the solution of a system of two linear equations in two unknowns


	· Use systems of equations to analyze and solve real-life problems. [SP, CU, MC]

· Determine when two linear options yield the same outcome (e.g., given two different investment or profit options, determine when both options will yield the same result). 

· Use systems of equations to determine the most advantageous outcome given a situation (e.g., given two investment options, determine under what conditions each will yield the best result.). [MC, SP]


	

	J5.3. Recognize and solve problems that can be modeled using a quadratic equation, such as the motion of an object under the force of gravity.


	· finds and interprets maximum or minimum values of a quadratic function

· formulates a correct quadratic function or quadratic equation to solve practical problems

· interprets the graph of a quadratic function in practical contexts

· in an applied context, correctly identifies domain and range of a quadratic function



	
	

	J5.4. Recognize and solve problems that can be modeled using an exponential function, such as compound interest problems.


	· interprets the graph of polynomial, logarithmic, and exponential functions in applied contexts (e.g., sound intensity, exponential growth, compound interest)

· provides evidence of understanding of growth and decay


	· Generate and use rules for a pattern to make predictions about future events (e.g., population growth, future sales, growth of corn stalks, future value of savings account). [SP, RL, MC]

· Identify and use variable quantities to read and write expressions and equations to represent situations that can be described using repeated multiplication (e.g., models that are exponential such as savings accounts and early stages of population growth). [CU, MC]


	

	J5.5. * Recognize and solve problems that can be modeled using an exponential function but whose solution requires facility with logarithms, such as exponential growth and decay problems.


	
	
	

	J5.6. Recognize and solve problems that can be modeled using a finite geometric series, such as home mortgage problems and other compound interest problems.

	
	
	

	J6. * Understand the binomial theorem and its connections to combinatorics, Pascal’s triangle and probability.
	
	
	

	K. Geometry

The high school graduate can:

	
	Component 1.3:  Understand and apply concepts and procedures from geometric sense.

	

	K1. Understand the different roles played by axioms, definitions and theorems in the logical structure of mathematics, especially in geometry:




	





	
	

	K1.1. Identify, explain the necessity of and give examples of definitions, axioms and theorems.


	
	
	

	K1.2. State and prove key basic theorems in geometry such as the Pythagorean theorem, the sum of the angles of a triangle is 180 degrees, and the line joining the midpoints of two sides of a triangle is parallel to the third side and half its length.


	
	
	

	K1.3. Recognize that there are geometries, other than Euclidean geometry, in which the parallel postulate is not true.


	
	
	

	K2. Identify and apply the definitions related to lines and angles and use them to prove theorems in (Euclidean) geometry, solve problems, and perform basic geometric constructions using a straight edge and compass:


	
	1.3.2 Apply understanding of geometric properties and relationships.  W
· Use geometric properties and relationships to describe, compare, and draw two-dimensional and three-dimensional shapes and figures.

· Draw a plane shape and justify the answer given a set of characteristics.  [RL, CU]


	

	K2.1. Identify and apply properties of and theorems about parallel lines and use them to prove theorems such as two lines parallel to a third are parallel to each other and to perform constructions such as a line parallel to a given line through a point not on the line.
	
	· Use the properties of two-dimensional and three-dimensional shapes to solve mathematical problems (e.g., find the width of a river based on similar triangles; given a set of parallel lines, a transversal, and an angle, find the other angles). [SP, RL, CU, MC]


	

	K2.2. Identify and apply properties of and theorems about perpendicular lines and use them to prove theorems such as the perpendicular bisectors of line segments are the set of all points equidistant from the two end points and to perform constructions such as the perpendicular bisector of a line segment.
	
	· Construct geometric figures using a variety of tools and technologies (e.g., angle bisectors, perpendicular bisectors, triangles given specific characteristics). [MC]


	

	K2.3. Identify and apply properties of and theorems about angles and use them to prove theorems such as two lines are parallel exactly when the alternate interior angles they make with a transversal are equal and to perform constructions such as the bisector of an angle
	
	· Construct geometric figures using a variety of tools and technologies (e.g., angle bisectors, perpendicular bisectors, triangles given specific characteristics). [MC]


	

	K3. Know the basic theorems about congruent and similar triangles and use them to prove additional theorems and solve problems.
	
	· Use the properties of two-dimensional and three-dimensional shapes to solve mathematical problems (e.g., find the width of a river based on similar triangles; given a set of parallel lines, a transversal, and an angle, find the other angles). [SP, RL, CU, MC]

· GRADE 8 -1.2.5
Calculate measures of objects for which no direct information is given (e.g., similar figures, ratio, proportion, scale). [SP, RL, MC]
	

	K4. Know the definitions and basic properties of a circle and use them to prove basic theorems and solve problems.
	
	
	

	K5. Apply the Pythagorean theorem, its converse and properties of special right triangles to solve problems.
	
	GRADE 8 -1.2.5 Understand and apply formulas, including the Pythagorean Theorem, to right prisms, right cylinders, and triangles. W
 Apply formulas, including the Pythagorean Theorem, to determine missing measurements for right prisms and right cylinders and triangles.
 Find missing sides or area of right triangles (e.g., use the Pythagorean Theorem to find any of the missing values]

GRADE 8 1.2.6- 

 Approximate distance or height in a problem situation using similar triangles or Pythagorean relationships
GRADE 8 1.3.3- Apply the Pythagorean Theorem to find the length of a side of a right triangle or distance between two points.


	

	K6. Use rigid motions (compositions of reflections, translations and rotations) to determine whether two geometric figures are congruent and to create and analyze geometric designs.
	
	1.3.4 Apply understanding of multiple transformations. W
· Apply multiple transformations to create congruent and similar figures in any or all of the four quadrants.

· Use multiple transformations (combinations of translations, reflections, or rotations) to draw an image. [RL]

· Use dilation (expansion or contraction) of a given shape to form a similar shape. [RL, CU]

· Determine the final coordinates of a point after a series of transformations. [RL, CU]

· Examine figures to determine rotational symmetry about the center of the shape. [RL, MC]

· Define a set of transformations that would map one onto the other given two similar shapes. [SP, RL]

· Create a design with or without technology using a combination of two or more transformations with one or two two-dimensional figures. [SP, RL]

· Use technology to create two- and three-dimensional animations using combinations of transformations. [MC, SP, RL]


	

	K7. Know about the similarity of figures and use the scale factor to solve problems.
	
	GRADE 7 1.3.1- Understand concept of similarity. W
 Identify corresponding sides and angles of two similar figures

 Determine and justify if two figures are similar using the definition of similarity. [CU]

 Differentiate between similar and congruent figures, either geometric figures or real-world objects, and justify the conclusion. [SP, RL, MC, CU]

 Use and analyze properties of 2-dimensional figures to compare and contrast similar 2-dimensional figures and shapes. [SP, RL, CU, MC]
 Compare properties of similar 2-dimensional figures.
GRADE 8 1.3.2- Apply understanding of similarity to polygons, circles and solids.  W
 Given two similar figures find the length of a missing side, or the measure of a missing angle of one of the figures. [SP, RL]

 Create symmetrical, congruent, or similar figures using a variety of tools (e.g., ruler, pattern blocks, geoboards). [SP, RL]

 Given a shape draw a similar shape. [SP, RL]
	

	
	
	 Create a three-dimensional scale drawing with particular geometric characteristics. [SP, CU, MC]
	

	K8. Know that geometric measurements (length, area, perimeter, volume) depend on the choice of a unit and that measurements made on physical objects are approximations; calculate the measurements of common plane and solid geometric figures:
	
	Component 1.2:  Understand and apply concepts and procedures from measurement.

1.2.6 Understand and apply strategies to obtain reasonable measurements at an appropriate level of precision. W
· Identify situations in which approximate measurements are sufficient. 

· Estimate a reasonable measurement at an appropriate level of precision. [MC]

· Estimate quantities using derived units of measure (e.g., distance or time using miles per hour, cost using unit cost). [MC]

· Estimate derived units of measure (e.g., miles per hour, people/year, grams/cubic centimeters). [MC]

· Apply a process that can be used to find a reasonable estimate for the volume of prisms, pyramids, cylinders, and cones. 

· Estimate volume and surface area for right cylinders and right prisms.


	M1.2 Use and apply systems of measurement and properties of geometric relationships.



	K8.1. Understand that numerical values associated with measurements of physical quantities must be assigned units of measurement or dimensions; apply such units correctly in expressions, equations and problem solutions that involve measurements; and convert a measurement using one unit of measurement to another unit of measurement.
	
	1.2.3 Understand how to convert units of measure within systems (U.S. or metric). W
· Understand how to convert units of measure within U.S. or within metric systems to achieve an appropriate level of precision.

· Convert within a system to a unit size appropriate to a given situation. 

· Convert to a larger unit within a system while maintaining the same level of precision (e.g., represent 532 centimeters to 5.32 meters). 

· Convert to a smaller unit within a system to increase the precision of a derived unit of measurement.
	

	K8.2. Determine the perimeter of a polygon and the circumference of a circle; the area of a rectangle, a circle, a triangle and a polygon with more than four sides by decomposing it into triangles; the surface area of a prism, a pyramid, a cone and a sphere; and the volume of a rectangular box, a prism, a pyramid, a cone and a sphere.
	
	1.2.5 Apply formulas to calculate measurements of right prisms or right circular cylinders.  W
· Explain how to use a formula for finding the volume of a prism or cylinder. [CU, MC]

· Use a formula to find the volume of a prism or cylinder. [RL, MC]

· Use a formula to derive a dimension of a right prism or right cylinder given other measures.

· Use formulas to describe and compare the surface areas and volumes of two or more right prisms and/or right cylinders. [RL]

· Use formulas to obtain measurements needed to describe a right cylinder or right prism.

· Apply a process that can be used to find a reasonable estimate for the volume of prisms, pyramids, cylinders, and cones. 

· Estimate volume and surface area for right cylinders and right prisms.


	

	K8.3. Know that the effect of a scale factor k on length, area and volume is to multiply each by k, k² and k³, respectively.
	
	1.2.1 Analyze how changes in one or two dimensions of an object affect perimeter, area, surface area, and volume.  W
· Describe and compare the impact that a change in one or more dimensions has on objects (e.g., how doubling one dimension of a cube affects the surface area and volume). [CU, MC]

· Describe how changes in the dimensions of objects affect perimeter, area, and volume in real world situations (e.g., how does the change in the diameter of an oil drum affect the area and volume). [CU, MC]

· Solve problems by deriving the changes in two dimensions necessary to obtain a desired surface area and/or volume (e.g., given a box with certain dimensions, make the volume of the box y cubic units by changing two dimensions of the box). [SP]

· Compare a given change in one or two dimensions on the perimeter, area, surface areas, or volumes of two objects. 

· Determine the change in one dimension given a change in perimeter, area, volume, or surface area.


	

	K9. Visualize solids and surfaces in three-dimensional space when given two-dimensional representations (e.g., nets, multiple views) and create two-dimensional representations for the surfaces of three-dimensional objects.
	
	1.3.1 Understand the relationship among characteristics of one-dimensional, two-dimensional, and three-dimensional figures. W 

· Identify and label one- and two-dimensional characteristics (rays, lines, end points, line segments, vertices, and angles) in three-dimensional figures. [CU]

· Match or draw three-dimensional objects from different perspectives using the same properties and relationships (e.g., match to the correct net, draw the top view). [RL]

· Draw and label with names and symbols nets of right prisms and right cylinders. [RL, CU]

· Describe everyday objects in terms of their geometric characteristics. [CU]

· Describe or classify various shapes based on their characteristics.

· Make and test conjectures about two-dimensional and three-dimensional shapes and their individual attributes and relationships using physical, symbolic, and technological models (e.g., diagonal of a rectangle or prism is the longest interior segment; what figures make up cross-sections of a given three-dimensional shape). [SP, RL, CU, MC]
· Create a three-dimensional scale drawing with particular geometric characteristics. [SP, CU, MC]

· Compare two-dimensional and three-dimensional shapes according to characteristics including faces, edges, and vertices, using actual and virtual modeling. [RL, CU]

· Use technology to generate two and three dimensional models of geometric figures with given geometric characteristics (e.g., generate a two-dimensional animation using pentagons with fixed coordinates for one edge). [RL, SP]

	M1.3 Use and apply geometric properties and relationships (spatial sense).



	K10. Represent geometric objects and figures algebraically using coordinates; use algebra to solve geometric problems:
	
	1.3.3 Apply understanding of geometric properties and location of points to figures.  W
· Use coordinates to describe or identify the location of objects on coordinate grids.

· Describe geometric characteristics of two-dimensional objects using coordinates on a grid. [MC]

· Describe the location of points that satisfy given conditions (e.g., the set of points equidistant from a given point; a point equidistant from a given set of points). [CU]

· Represent situations on a coordinate grid or describe the location of points that satisfy given conditions (e.g., locate a gas station to be equidistant from given cities; locate a staking point to maximize the grazing area of a tethered goat). [MC, SP, RL]

· Use tools and technology to draw objects on a coordinate grid based on given conditions. [CU]


	

	K10.1. Express the intuitive concept of the “slant” of a line in terms of the precise concept of slope, use the coordinates of two points on a line to define its slope, and use slope to express the parallelism and perpendicularity of lines.
	· can find the equation of a line from various kinds of geometric data (e.g., two points, a point and a slope, two intercepts)


	· Identify, interpret, and use the meaning of slope of a line as a rate of change using physical, symbolic, and technological models. [SP, RL, MC]


	

	K10.2. Describe a line by a linear equation.
	
	· Find the equation of a line in a variety of ways (e.g., from a table, graph, slope-intercept, point-slope, two points). [RL, MC]


	

	K10.3. Find the distance between two points using their coordinates and the Pythagorean theorem.
	
	 GRADE 8 1.3.3- Apply the Pythagorean Theorem to find the length of a side of a right triangle or distance between two points. 

	

	K10.4. * Find an equation of a circle given its center and radius and, given an equation of a circle, find its center and radius.

	
	
	

	K11. Understand basic right-triangle trigonometry and apply it to solve problems:
	· MATHEMATICS CONTENT STANDARD 4:

uses basic principles of trigonometry
	
	

	K11.1. Understand how similarity of right triangles allows the trigonometric functions sine, cosine and tangent to be defined as ratios of sides and be able to use these functions to solve problems.


	· understands the trigonometric functions as ratios in right triangles


	
	

	K11.2. Apply the trigonometric functions sine, cosine and tangent to solve for an unknown length of a side of a right triangle, given one of the acute angles and the length of another side.


	· solves right triangle problems


	
	

	K11.3. Use the standard formula for the area of a triangle, A = ½bh, to explain the area formula, A = ½absinC where a and b are the lengths of two sides of a triangle and C is the measure of the included angle formed by these two sides, and use it to find the area of a triangle when given the lengths of two of its sides and the included angle.


	
	
	

	K12. *Know how the trigonometric functions can be extended to periodic functions on the real line, derive basic formulas involving these functions, and use these functions and formulas to solve problems:
	· understands role of the function f(t) = asin(bt-c)+d in the representation of periodic phenomena

· recognizes situations that can be best modeled by a periodic function of the form 

f(t) = asin(bt-c)+d 


	
	

	K12.1*Know that the trigonometric functions sine and cosine, and thus all trigonometric functions, can be extended to periodic functions on the real line by defining them as functions on the unit circle, that radian measure of an angle between 0 and 360 degrees is the arc length of the unit circle subtended by that central angle, and that by similarity, the arc length s of a circle of radius r subtended by a central angle of measure t radians is s = rt.
	· understands how to interpret the trigonometric functions sin (t) and cos (t) as circular functions

· can interpret radian measure as arc length on the unit circle


	
	

	K12.2. *Know and use the basic identities, such as sin²(x) + cos²(x) = 1 and cos (Π/2-x) = sin(x) and formulas for sine and cosine, such as addition and double angle formulas.
	
	
	

	K12.3. * Graph sine, cosine and tangent as well as their reciprocals, secant, cosecant and cotangent; identify key characteristics.
	· can graph functions of the form f(t) = asin(bt-c)+d and know the graphical interpretation of the concepts of amplitude, frequency, and period


	
	

	K12.4. * Know and use the law of cosines and the law of sines to find missing sides and angles of a triangle.
	
	
	

	L. Data Interpretation, Statistics and Probability

The high school graduate can:
	
	Component 1.4:  Understand and apply concepts and procedures from probability and statistics.


	

	L1. Explain and apply quantitative information:
	
	1.4.3 Apply appropriate methods and technology to collect data or evaluate methods used by others for a given research questions. W
	

	L1.1. Organize and display data using appropriate methods (including spreadsheets) to detect patterns and departures from patterns.
	
	GRADE 7 1.4.3 Understand and apply data collection processes to display or answer questions.  W
· Formulate a question and collect data from a population, describing how the questions, collection method, and sample population affect the results.

· Present collected data to support an opinion to inform or persuade an identified audience. [CU, MC


	

	L1.2. Read and interpret tables, charts and graphs.
	
	GRADE 8 1.4.5 Understand and apply data techniques to interpret bivariate data. W
 Interpret graphic and tabular representations of bivariate data

GRADE 7 1.4.5 Understand and apply various data display techniques, including box-and-whisker plots. W
 Read and interpret various data display; determine the appropriate representation for given data.
	M4.5 Analyze and interpret information from real-life charts and graphs.

	L1.3. Compute and explain summary statistics for distributions of data including measures of center (mean, median) and spread (range, percentiles, variance, standard deviation).
	
	GRADE 7 1.4.4 Understand how variations in data may affect the choice of data analysis techniques used. W
· Determine and use range and measures of central tendency to describe a set of data.
· Describe the effects of extreme values on means in a population. [CU, MC]
· Explain the use of median or mean as a measure of central tendency in a given situation (e.g., when an extreme value skews the mean). [SP, RL, CU, MC]
 Describe how additional data added to data sets may affect the result of measures of central tendency. [SP, RL, CU]

GRADE 8 1.4.4 Understand how variations in data may affect the measures of central tendency.  W
· Identify clusters and outliers and determine how clusters or outliers may affect measures of central tendency.

· Alter a set of data so that the median is a more reasonable measure than the mean
	

	L1.4. Compare data sets using graphs and summary statistics.
	
	NOTE: ALL GLEs REFER TO A SINGLE DATA SET
	

	L1.6. Know the characteristics of the Gaussian normal distribution (bell-shaped curve).
	
	
	

	L2. Explain and critique alternative ways of presenting and using information:


	
	· Evaluate methods and technology used to investigate a research question. [CU, MC]

· Identify appropriate data collection methods that might impact the accuracy of the results of a given situation. [RL, CU]

· Determine whether the methods of data collection used were appropriate for a given question or population. [RL]

· Determine whether statistics have been used or misused to support a point of view or argument and support the evaluation with data.[RL]
	

	L2.1. Evaluate reports based on data published in the media by considering the source of the data, the design of the study, and the way the data are analyzed and displayed.
	
	
	

	L2.2. Identify and explain misleading uses of data.


	
	
	

	L2.3. Recognize when arguments based on data confuse correlation with causation.
	
	
	

	L3. Explain the use of data and statistical thinking to draw inferences, make predictions and justify conclusions:
	
	1.4.6 Apply understanding of statistics to make, analyze, or evaluate a statistical argument.  W
· Identify trends in a set of data in order to make a prediction based on the information. [CU, MC]

· Justify a prediction or an inference based on a set of data. [CU, MC]

· State possible factors that may influence a trend but not be reflected in the data (e.g., population growth of deer vs. availability of natural resources or hunting permits). [MC, CU, RL]

· Use statistics to support different points of view. [RL]

· Analyze a set of statistics to develop a logical point of view. [RL. CU, MC]

· Justify or refute claims and supporting arguments based on data. [CU, MC]


	M1.4 Analyze data and use probability or statistical models to make inferences about real-world situations.



	L3.1. Explain the impact of sampling methods, bias and the phrasing of questions asked during data collection and the conclusions that can rightfully be made.
	
	· Determine whether the sample for a given study was from a representative sample.

· Identify sources of bias in data collection questions, samples, and/or methods and describe how such bias can be controlled. [RL, CU]

	

	L3.2. Design simple experiments or investigations to collect data to answer questions of interest.
	
	· Collect data using appropriate methods.

· Use technology appropriately to collect data. [RL, MC]


	

	L3.3. Explain the differences between randomized experiments and observational studies.
	
	
	

	
L1.5. Create scatter plots, analyze patterns and describe relationships in paired data.








L3.4. Construct a scatter plot of a set of paired data, and if it demonstrates a linear trend, use a graphing calculator to find the regression line that best fits this data; recognize that the correlation coefficient measures goodness of fit and explain when it is appropriate to use the regression line to make predictions
	
	1.4.4 Understand and apply techniques to find the equation for a reasonable linear model. W
· Determine the equation for a reasonable line to describe a set of bivariate data. [RL, MC]

· Determine the equation of a line that fits the data displayed on a scatter plot. [SP, RL]

· Use technology to determine the line of best fit for a set of data. [MC]

· Match an equation with a set of data. [MC]

· Match an equation with a graphic display. [MC]

· Create a graph based on the equation for the line.

1.4.5 Analyze a linear model to judge its appropriateness for a data set.  W
· Determine whether a straight line is an appropriate way to describe a trend in a set of bivariate data. [MC, RL]

· Determine whether the underlying model for a set of data is linear. [RL, MC]

· Decide and explain whether it is appropriate to extend a given data set following a line of best fit. [RL, MC]

· Determine whether a linear prediction from a given set of data is appropriate for the data and support the decision with data. [MC].

· Determine whether an equation for a line is appropriate for a given set of data and support the judgment with data. [RL, MC]

· Use technology to generate data to fit a linear model. [SP, MC]


	

	L4. Explain and apply probability concepts and calculate simple probabilities:
	
	
	

	L4.1. Explain how probability quantifies the likelihood that an event occurs in terms of numbers.
	
	GRADE 7 1.4.2 Understand and apply the procedures for determining the probabilities of multiple trials. W
 Calculate the probabilities of outcomes. [SP, RL]

 Determine, interpret, or express probabilities in the form of a fraction, decimal, or percent. [SP, RL, CU, MC]

 Predict the probability of outcomes of experiments and test the predictions. [SP, RL]

 Predict the probability of future events based on empirical data. [SP, RL]
	

	L4.2. Explain how the relative frequency of a specified outcome of an event can be used to estimate the probability of the outcome.
	
	
	

	L4.3. Explain how the law of large numbers can be applied in simple examples.


	
	
	

	L4.4. Apply probability concepts such as conditional probability and independent events to calculate simple probabilities.
	
	1.4.1 Understand the concept of conditional probability.  W
· Compare the probabilities of dependent and independent events. [CU, MC]

· Determine and justify whether the outcome of a first event affects the probability of a later event (e.g., drawing cards from a deck with or without replacement). [CU]

· Explain the difference between dependent and independent events. [CU]

· Explain and give examples of compound events. [CU]

1.4.2 Apply understanding of dependent and independent events to calculate probabilities.  W
· Determine probabilities of dependent and independent events. [SP]

· Generate the outcomes and probability of multiple independent and dependent events using a model or procedure (e.g., tree diagram, area model, counting procedures). 
· Generate the outcomes and probability of events using a counting procedure (e.g., the number of license plates that can be made with three letters and three numbers; winning the lottery). [MC]

· Explain the relationship between theoretical probability and empirical frequency of dependent events using simulations with and without technology. [CU]

· Create a simple game based on independent probabilities wherein all players have an equal probability of winning. [MC, SP]

· Create a simple game based on compound probabilities. [MC, SP]

· Determine the sample space for independent or dependent events.


	

	L4.5. Apply probability concepts to practical situations to make informed decisions.
	
	
	M1.4 Analyze data and use probability or statistical models to make inferences about real-world situations.



	Mathematical Reasoning


Woven throughout the four domains of mathematics — Number Sense and Numerical Operations; Algebra; Geometry; and Data Interpretation, Statistics and Probability — are the following mathematical reasoning skills:
	




Meets the Standard (General to all Math Content Standards)



	EALR 2: The student uses mathematics to define and solve problems.


	M2 Use mathematical reasoning to define and solve problems.

M3 Effectively communicate

mathematical ideas in both everyday and mathematical language.

M4 Recognize and appreciate relationships among different concepts in mathematics and use mathematics in other curriculum areas and in daily life.



	· Using inductive and deductive reasoning to arrive at valid conclusions.

· Using multiple representations (literal, symbolic, graphic) to represent problems and solutions.

· Understanding the role of definitions, proofs and counterexamples in mathematical reasoning; constructing simple proofs.

· Using the special symbols of mathematics correctly and precisely.

· Recognizing when an estimate or approximation is more appropriate than an exact answer and understanding the limits on precision of approximations.

· Distinguishing relevant from irrelevant information, identifying missing information, and either finding what is needed or making appropriate estimates.

· Recognizing and using the process of mathematical modeling: recognizing and clarifying mathematical structures that are embedded in other contexts, formulating a problem in mathematical terms, using mathematical strategies to reach a solution, and interpreting the solution in the context of the original problem.

· When solving problems, thinking ahead about strategy, testing ideas with special cases, trying different approaches, checking for errors and reasonableness of solutions as a regular part of routine work, and devising independent ways to verify results.

· Shifting regularly between the specific and the general, using examples to understand general ideas, and extending specific results to more general cases to gain insight.


	· shows work and labels answers clearly; where appropriate, supports answers with correct reasoning 


· labels diagrams and graphs (including axes) correctly


· defines variables using 
appropriate symbols and 
correct units


· uses correct mathematical 
syntax, particularly, correct 
function notation and correct placement of parentheses


· provides evidence of 
understanding the relationship between dependent and 
independent variables


· provides evidence of understanding that rate is the ratio of output (dependent variable) to change in input (independent variable)


· connects the graphical, symbolic, and verbal descriptions of a function


· derives the appropriate function from the verbal description of a situation, a set of coordinate pairs, or a graph


· obtains correct final answer


· assigns units correctly to solution


· correctly interprets the impact of a change in dimension on functions and graphs


· correctly interprets the meaning of graphs and tables


· finds realistic solutions that 
reflect the application 


· interprets the answer(s) in 
light of the application


· provides evidence of 
understanding of 
appropriateness of answer


· shows appropriate precision
 in numerical computations


	Component 2.1:  Investigate situations.
2.1.1 Analyze a situation to define a problem.  W
· Use strategies to become informed about the situation (e.g., listing information; examine the table for patterns; create a scatter plot to look for patterns; asking questions). 

· Summarize the problem 

· Determine whether enough information is given to find a solution

· Determine whether information is missing or extraneous (e.g., compare the list of known things to the list of needed things to see if there are things that are not needed).

· Define the problem 

Component 2.2:  Apply strategies to construct solutions.
2.2.1 Apply strategies, concepts, and procedures to devise a plan to solve the problem.  W
· Organize relevant information from multiple sources 

· Select and apply appropriate mathematical tools to devise a strategy in a situation (e.g., if the data, in either tabular or graphical form, suggest a linear relationship, plan to find a  linear equation for each set of data; solve those equations simultaneously [or use technology to find the intersection of the two lines] to answer the question). If the data pattern suggests a non-linear model, plan to project what the pattern is and extend that pattern.


2.2.2 Apply mathematical tools to solve the problem. W
· Implement the plan devised to solve the problem (e.g., solve the set of simultaneous equations to arrive at a time where the two times are the same). 

· Use mathematics to solve the problem (e.g., use algebra to write equations for the two linear models, solve the system of equations using either symbols or technology).

· Identify when an approach is unproductive and modify or try a new approach (e.g., if the result does not make sense in the context, return to the plan to see if something has gone wrong and adjust accordingly).

Check the solution to see if it works 

EALR 3: The student uses mathematical reasoning.
Component 3.1: Analyze information.
3.1.1. Synthesize information from multiple sources in order to answer questions. W
Component 3.2:  Make predictions, inferences, conjectures, and draw conclusions.

3.2.1 Apply skill of conjecturing and analyze conjectures by formulating a proof or constructing a counter example. W

3.2.2 Analyze information to draw conclusions and support them using inductive and deductive reasoning. W
3.2.3 Analyze procedures to determine appropriateness of claims and arguments. W
Component 3.3:  Verify results.

3.3.1 Analyze results using inductive and deductive reasoning.

3.3.2 Analyze thinking and mathematical ideas using models, known facts, patterns, relationships, counter examples, or proportional reasoning. W
EALR 4: The student communicates knowledge and understanding in both everyday and mathematical language.
Component 4.1:  Gather information.
4.1.1 Understand how to develop or apply an efficient system for collecting mathematical information for a given purpose. W
4.1.2 Synthesize mathematical information for a given purpose from multiple, self-selected sources. W
Component 4.2:  Organize, represent, and share information.



4.2.1 Analyze mathematical information to organize, clarify, and refine an argument. W
4.2.2 Understand how to express ideas and situations using mathematical language and notation. W
EALR 5: The student understands how mathematical ideas connect within mathematics, to other subject areas, and to real-life situations.
Component 5.1:  Relate concepts and procedures within mathematics.
5.1.1 Apply multiple mathematical concepts and procedures in a given problem or situation. W
5.1.2 Understand how use different mathematical models and representations in the same situation. W
5.2:  Relate mathematical concepts procedures to other disciplines.
5.2.1 Analyze mathematical patterns and ideas to extend mathematical thinking and modeling in other disciplines. 

5.2.2 Know contributions of individuals and cultures to the development of mathematics.

Component 5.3:  Relate mathematical concepts and procedures to real-world situations.
5.3.1 Understand situations in which mathematics can be used to solve problems with local, national, or international implications.

5.3.2 Understand the mathematical knowledge and training requirements for occupational/career areas of interest.


	M2.1 Draw logical conclusions and justify solution processes by using

models, known facts, properties, patterns and/or relationships.

M2.2 Use mathematical reasoning that involves informal thinking,

conjecturing, and validating results.

M2.3 Formulate questions, analyze the problem, select appropriate strategies and resources to carry out a plan and, and check for reasonableness of results.

M2.4 Organize and integrate information collected from multiple sources.

M2.5 Reflect on, evaluate procedures or results, and make necessary revisions.

M3.1 Read and listen to mathematical presentations and arguments with understanding.

M3.2 Write, restate, summarize and speak mathematics using appropriate

vocabulary and notation.

M3.3 Share, explain and defend mathematical ideas, concepts, and

procedures using appropriate language and symbolism.

M4.1 Explore problems and describe results using geometric, numerical,

graphical, and algebraic representations.

M4.2 Identify and apply mathematical thinking and notation in other subject areas.

M4.3 Make connections between mathematics and problem solving skills used in the world around them.

M4.4 Demonstrate an increased confidence in his or her personal ability to use mathematics.




�Could we use ‘results’ rather than ‘answers’?
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