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BENCHMARKS FOR MATHEMATICS
	STANDARD 1.  Uses a variety of strategies in the problem-solving process

	Level Pre-K (Grades Pre-K)   Not appropriate at this level

	Level I (Grades K-2) 

	  1. 
	Draws pictures to represent problems

	  2. 
	Uses discussions with teachers and other students to understand problems

	  3. 
	Explains to others how she or he went about solving a numerical problem

	  4. 
	Makes organized lists or tables of information necessary for solving a problem

	  5. 
	Uses whole number models (e.g., pattern blocks, tiles, or other manipulative materials) to represent problems

	Level II (Grades 3-5) 

	  1. 
	Uses a variety of strategies to understand problem situations (e.g., discussing with peers, stating problems in own words, modeling problem with diagrams or physical objects, identifying a pattern)

	  2. 
	Represents problems situations in a variety of forms (e.g., translates from a diagram to a number or symbolic expression)

	  3. 
	Understands that some ways of representing a problem are more helpful than others

	  4. 
	Uses trial and error and the process of elimination to solve problems

	  5. 
	Knows the difference between pertinent and irrelevant information when solving problems

	  6. 
	Understands the basic language of logic in mathematical situations (e.g., "and," "or," "not")

	  7. 
	Uses explanations of the methods and reasoning behind the problem solution to determine reasonableness of and to verify results with respect to the original problem

	  8. 
	Understands basic valid and invalid arguments (e.g., counter examples, irrelevant approaches)

	Level III (Grades 6-8) 

	  1. 
	Understands how to break a complex problem into simpler parts or use a similar problem type to solve a problem

	  2. 
	Uses a variety of strategies to understand problem-solving situations and processes (e.g., considers different strategies and approaches to a problem, restates problem from various perspectives)

	  3. 
	Understands that there is no one right way to solve mathematical problems but that different methods (e.g., working backward from a solution, using a similar problem type, identifying a pattern) have different advantages and disadvantages

	  4. 
	Formulates a problem, determines information required to solve the problem, chooses methods for obtaining this information, and sets limits for acceptable solutions

	  5. 
	Represents problem situations in and translates among oral, written, concrete, pictorial, and graphical forms

	  6. 
	Generalizes from a pattern of observations made in particular cases, makes conjectures, and provides supporting arguments for these conjectures (i.e., uses inductive reasoning)

	  7. 
	Constructs informal logical arguments to justify reasoning processes and methods of solutions to problems (i.e., uses informal deductive methods)

	  8. 
	Understands the role of written symbols in representing mathematical ideas and the use of precise language in conjunction with the special symbols of mathematics

	  9. 
	Uses a variety of reasoning processes (e.g., reasoning from a counter example, using proportionality) to model and to solve problems

	Level IV (Grades 9-12) 

	  1. 
	Uses a variety of strategies (e.g., identify a pattern, use equivalent representations) to understand new mathematical content and to develop more efficient solution methods or problem extensions

	  2. 
	Constructs algorithms for multi-step and non-routine problems

	  3. 
	Understands the concept of a mathematical proof

	  4. 
	Constructs logical verifications or counter examples to test conjectures and to justify algorithms and solutions to problems (i.e., uses deductive reasoning)

	  5. 
	Uses formal mathematical language and notation to represent ideas, to demonstrate relationships within and among representation systems, and to formulate generalizations

	  6. 
	Understands the difference between a statement that is verified by mathematical proof (i.e., a theorem) and one that is verified empirically using examples or data

	  7. 
	Understands connections between equivalent representations and corresponding procedures of the same problem situation or mathematical concept (e.g., a zero of a function corresponds to an x-intercept of the graph of the function, the correspondence of binary multiplication to a series electrical circuit and the logical operation "and")

	  8. 
	Understands the components of mathematical modeling (i.e., problem formulation, mathematical model, solution within the model, interpretation of solution within the model, validation in original real-world problem situation)


	Standard 2.  Understands and applies basic and advanced properties of the concepts of numbers

	Level Pre-K (Grades Pre-K) 

	  1. 
	Understands that numbers represent the quantity of objects

	  2.
	Counts by ones to ten or higher

	  3. 
	Counts objects 

	  4. 
	Understands one-to-one correspondence

	  5. 
	Understands the concept of position in a sequence (e.g., first, last)

	  6. 
	Knows the written numerals 0-9 

	  7. 
	Knows the common language for comparing quantity of objects (e.g., "more than," "less than," "same as")

	  8. 
	Understands that a whole object can be separated into parts

	  9. 
	Knows that numbers are used in real-world situations

	Level I (Grades K-2) 

	  1. 
	Understands that numerals are symbols used to represent quantities or attributes of real-world objects

	  2. 
	Counts whole numbers (i.e., both cardinal and ordinal numbers)

	  3. 
	Understands symbolic, concrete, and pictorial representations of numbers (e.g., written numerals, objects in sets, number lines)

	  4. 
	Understands basic whole number relationships (e.g., 4 is less than 10, 30 is 3 tens)

	  5. 
	Understands the concept of a unit and its subdivision into equal parts (e.g., one object, such as a candy bar, and its division into equal parts to be shared among four people)

	Level II (Grades 3-5) 

	  1. 
	Understands basic number theory concepts (e.g., prime and composite numbers, factors, multiples, odd and even numbers, divisibility)

	  2. 
	Understands equivalent forms of basic percents, fractions, and decimals (e.g., 1/2 is equivalent to 50% is equivalent to .5) and when one form of a number might be more useful than another

	  3. 
	Understands the basic difference between odd and even numbers

	  4. 
	Understands the basic meaning of place value

	  5. 
	Understands the relative magnitude and relationships among whole numbers, fractions, decimals, and mixed numbers

	  6. 
	Uses models (e.g., number lines, two-dimensional and three-dimensional regions) to identify, order, and compare numbers

	Level III (Grades 6-8) 

	  1. 
	Understands the relationships among equivalent number representations (e.g., whole numbers, positive and negative integers, fractions, ratios, decimals, percents, scientific notation, exponentials) and the advantages and disadvantages of each type of representation

	  2. 
	Understands the characteristics and properties (e.g., order relations, relative magnitude, base-ten place values) of the set of rational numbers and its subsets (e.g., whole numbers, fractions, decimals, integers)

	  3. 
	Understands the role of positive and negative integers in the number system

	  4. 
	Uses number theory concepts (e.g., divisibility and remainders, factors, multiples, prime, relatively prime) to solve problems

	  5. 
	Understands the characteristics and uses of exponents and scientific notation

	  6. 
	Understands the structure of numeration systems that are based on numbers other than 10 (e.g., base 60 for telling time and measuring angles, Roman numerals for dates and clock faces)

	  7. 
	Understands the concepts of ratio, proportion, and percent and the relationships among them

	Level IV (Grades 9-12) 

	  1. 
	Understands the properties (e.g., relative magnitude, density, absolute value) of the real number system, its subsystems (e.g., irrational numbers, natural numbers, integers, rational numbers), and complex numbers (e.g., imaginary numbers, conjugate numbers)

	  2. 
	Understands the properties and basic theorems of roots, exponents (e.g., [bm][bn] = bm+n), and logarithms

	  3.
	Uses discrete structures (e.g., finite graphs, matrices, sequences) to represent and to solve problems


	STANDARD 3.  Uses basic and advanced procedures while performing the processes of computation

	Level Pre-K (Grades Pre-K) 

	  1. 
	Knows that the quantity of objects can change by adding or taking away objects 

	Level I (Grades K-2) 

	  1. 
	Adds and subtracts whole numbers


	  2. 
	Solves real-world problems involving addition and subtraction of whole numbers

	  3. 
	Understands basic estimation strategies (e.g., using reference sets, using front-end digits) and terms (e.g., "about," "near," "closer to," "between," "a little less than")

	  4. 
	Understands the inverse relationship between addition and subtraction

	Level II (Grades 3-5) 

	  1. 
	Multiplies and divides whole numbers

	  2. 
	Adds, subtracts, multiplies, and divides decimals

	  3. 
	Adds and subtracts simple fractions

	  4. 
	Uses specific strategies (e.g., front-end estimation, rounding) to estimate computations and to check the reasonableness of computational results

	  5. 
	Performs basic mental computations (e.g., addition and subtraction of whole numbers)

	  6. 
	Determines the effects of addition, subtraction, multiplication, and division on size and order of numbers

	  7. 
	Understands the properties of and the relationships among addition, subtraction, multiplication, and division (e.g., reversing the order of two addends does not change the sum; division is the inverse of multiplication)

	  8. 
	Solves real-world problems involving number operations (e.g., computations with dollars and cents)

	  9. 
	Knows the language of basic operations (e.g., "products," "multiplication")

	Level III (Grades 6-8) 

	  1. 
	Adds, subtracts, multiplies, and divides integers, and rational numbers

	  2. 
	Adds and subtracts fractions with unlike denominators; multiples and divides fractions

	  3. 
	Understands exponentiation of rational numbers and root-extraction (e.g., squares and square roots, cubes and cube roots)

	  4. 
	Selects and uses appropriate computational methods (e.g., mental, paper and pencil, calculator, computer) for a given situation

	  5. 
	Understands the correct order of operations for performing arithmetic computations

	  6. 
	Uses proportional reasoning to solve mathematical and real-world problems (e.g., involving equivalent fractions, equal ratios, constant rate of change, proportions, percents)

	  7. 
	Understands the properties of operations with rational numbers (e.g., distributive property, commutative and associative properties of addition and multiplication, inverse properties, identity properties)

	  8. 
	Knows when an estimate is more appropriate than an exact answer for a variety of problem situations

	  9. 
	Understands how different algorithms work for arithmetic computations and operations

	Level IV (Grades 9-12) 

	  1. 
	Adds, subtracts, multiplies, divides, and simplifies rational expressions

	  2. 
	Adds, subtracts, multiplies, divides, and simplifies radical expressions containing positive rational numbers

	  3. 
	Understands various sources of discrepancy between an estimate and a calculated answer

	  4. 
	Uses a variety of operations (e.g., finding a reciprocal, raising to a power, taking a root, taking a logarithm) on expressions containing real numbers

	  5. 
	Understands basic applications of and operations on matrices

	  6. 
	Uses recurrence relations (i.e., formulas expressing each term as a function of one or more of the previous terms, such as the Fibonacci sequence or the compound interest equation) to model and to solve real-world problems (e.g., home mortgages, annuities)

	  7. 
	Understands counting procedures and reasoning (e.g., use of the counting principles to find the number of ways of arranging objects in a set, the use of permutations and combinations to solve counting problems)


	STANDARD 4.  Understands and applies basic and advanced properties of the concepts of measurement

	Level Pre-K (Grades Pre-K) 

	  1. 
	Understands basic concepts of time (e.g., today, tomorrow, morning, evening) and the sequence of various events (e.g., what comes after lunch)

	  2. 
	Measures objects with non-standard tools (e.g., string, hands, footsteps, unifix cubes, tiles)

	  3. 
	Estimates quantities in real-world situations 

	  4. 
	Orders objects qualitatively by measurable attribute (e.g., smallest to largest, lightest to heaviest, shortest to longest)

	  5. 
	Knows the common language of measurement (e.g., "big," "little," "long," "short," "light," "heavy")

	  6. 
	Knows that different sized containers will hold more or less

	Level I (Grades K-2) 

	  1. 
	Understands the basic measures length, width, height, weight, and temperature

	  2. 
	Understands the concept of time and how it is measured

	  3. 
	Knows processes for telling time, counting money, and measuring length, weight, and temperature, using basic standard and non-standard units

	  4. 
	Makes quantitative estimates of familiar linear dimensions, weights, and time intervals and checks them against measurements

	Level II (Grades 3-5) 

	  1. 
	Understands the basic measures perimeter, area, volume, capacity, mass, angle, and circumference

	  2. 
	Selects and uses appropriate tools for given measurement situations (e.g., rulers for length, measuring cups for capacity, protractors for angle)

	  3. 
	Knows approximate size of basic standard units (e.g., centimeters, feet, grams) and relationships between them (e.g., between inches and feet)

	  4. 
	Understands relationships between measures (e.g., between length, perimeter, and area)

	  5. 
	Understands that measurement is not exact (i.e., measurements may give slightly different numbers when measured multiple times)

	  6. 
	Uses specific strategies to estimate quantities and measurements (e.g., estimating the whole by estimating the parts)

	  7. 
	Selects and uses appropriate units of measurement, according to type and size of unit


	Level III (Grades 6-8) 

	  1. 
	Understands the basic concept of rate as a measure (e.g., miles per gallon)

	  2. 
	Solves problems involving perimeter (circumference) and area of various shapes (e.g., parallelograms, triangles, circles)

	  3. 
	Understands the relationships among linear dimensions, area, and volume and the corresponding uses of units, square units, and cubic units of measure

	  4. 
	Solves problems involving units of measurement and converts answers to a larger or smaller unit within the same system (i.e., standard or metric)

	  5. 
	Understands the concepts of precision and significant digits as they relate to measurement (e.g., how units indicate precision)

	  6. 
	Selects and uses appropriate units and tools, depending on degree of accuracy required, to find measurements for real-world problems

	  7. 
	Understands formulas for finding measures (e.g., area, volume, surface area)

	  8. 
	Selects and uses appropriate estimation techniques (e.g., overestimate, underestimate, range of estimates) to solve real-world problems

	  9. 
	Understands procedures for basic indirect measurements (e.g., using grids to estimate area of irregular figures)

	Level IV (Grades 9-12) 

	  1. 
	Solves problems involving rate as a measure (e.g., speed, density)

	  2. 
	Understands the concepts of absolute and relative errors in measurement

	  3. 
	Selects and uses an appropriate direct or indirect method of measurement in a given situation (e.g., uses properties of similar triangles to measure indirectly the height of an inaccessible object)

	  4. 
	Solves real-world problems involving three-dimensional measures (e.g., volume, surface area)

	  5. 
	Uses unit analysis to solve problems involving measurement and unit conversion (e.g., between metric and U.S. customary systems, foreign currency conversions)


	STANDARD 5.  Understands and applies basic and advanced properties of the concepts of geometry

	Level Pre-K (Grades Pre-K) 

	  1. 
	Knows basic geometric language for naming shapes (e.g., circle, triangle, square, rectangle)

	  2. 
	Understands the common language used to describe position and location (e.g., "up," "down," "below," "above," "beside," "inside," "outside")

	  3. 
	Knows that geometric shapes can be put together or taken apart to form other shapes

	  4. 
	Understands that a shape’s orientation in space can change

	  5. 
	Sorts and groups objects by attributes (e.g., shape, size, color)

	Level I (Grades K-2) 

	  1. 
	Understands basic properties of (e.g., number of sides, corners, square corners) and similarities and differences between simple geometric shapes

	  2. 
	Understands the common language of spatial sense (e.g., "left," "right," "horizontal," "in front of")

	  3. 
	Understands that geometric shapes are useful for representing and describing real world situations

	  4. 
	Understands that patterns can be made by putting different shapes together or taking them apart

	Level II (Grades 3-5) 

	  1. 
	Knows basic geometric language for describing and naming shapes (e.g., trapezoid, parallelogram, cube, sphere)

	  2. 
	Understands basic properties of figures (e.g., two- or three-dimensionality, symmetry, number of faces, type of angle)

	  3. 
	Predicts and verifies the effects of combining, subdividing, and changing basic shapes

	  4. 
	Understands that shapes can be congruent or similar

	  5. 
	Uses motion geometry (e.g., turns, flips, slides) to understand geometric relationships

	  6. 
	Understands characteristics of lines (e.g., parallel, perpendicular, intersecting) and angles (e.g., right, acute)

	  7. 
	Understands how scale in maps and drawings shows relative size and distance

	Level III (Grades 6-8) 

	  1. 
	Uses geometric methods (i.e., an unmarked straightedge and a compass using an algorithm) to complete basic geometric constructions (e.g., perpendicular bisector of a line segment, angle bisector)

	  2. 
	Understands the defining properties of three-dimensional figures (e.g., a cube has edges with equal lengths, faces with equal areas and congruent shapes, right angle corners)

	  3. 
	Understands the defining properties of triangles (e.g., the sum of the measures of two sides of a triangle must be greater than the measure of the third side)

	  4. 
	Understands geometric transformations of figures (e.g., rotations, translations, dilations)

	  5. 
	Understands the relationships between two- and three-dimensional representations of a figure (e.g., scale drawings, blueprints, planar cross sections)

	  6. 
	Understands the mathematical concepts of similarity (e.g., scale, proportion, growth rates) and congruency

	  7. 
	Understands the basic concept of the Pythagorean theorem

	Level IV (Grades 9-12) 

	  1. 
	Understands that objects and relations in geometry correspond directly to objects and relations in algebra (e.g., a line in geometry corresponds to a set of ordered pairs satisfying an equation of the form ax + by = c)

	  2. 
	Use the Pythagorean theorem and its converse and properties of special right triangles (e.g. 30° - 60° - 90° triangle) to solve mathematical and real-world problems

	  3. 
	Uses synthetic (i.e., pictorial) representations and analytic (i.e., coordinate) methods to solve problems involving symmetry and transformations of figures (e.g., problems involving distance, midpoint, and slope; determination of symmetry with respect to a point or line)

	  4. 
	Understands the characteristics and uses of vectors (e.g., representations of velocity and force)

	  5. 
	Uses geometric constructions (e.g., the parallel to a line through a given point not on the line, line segment congruent to a given line segment) to complete simple proofs, to model, and to solve mathematical and real-world problems

	  6. 
	Uses basic operations on vectors (e.g., vector addition, scalar multiplication)

	  7. 
	Understands the basic concepts of right triangle trigonometry (e.g., basic trigonometric ratios such as sine, cosine, and tangent)

	  8. 
	Uses trigonometric ratio methods to solve mathematical and real-world problems (e.g., determination of the angle of depression between two markers on a contour map with different elevations)

	  9. 
	Understands the basic properties and uses of polar coordinates

	10. 
	Uses inductive and deductive reasoning to make observations about and to verify properties of and relationships among figures (e.g., the relationship among interior angles of parallel lines cut by a transversal)

	11. 
	Uses properties of and relationships among figures to solve mathematical and real-world problems (e.g., uses the property that the sum of the angles in a quadrilateral is equal to 360 degrees to square up the frame for a building; uses understanding of arc, chord, tangents, and properties of circles to determine the radius given a circular edge of a circle without the center)


	STANDARD 6.  Understands and applies basic and advanced concepts of statistics and data analysis

	Level Pre-K (Grades Pre-K) 

	  1. 
	Knows that concrete and pictorial graphs represent information

	  2. 
	Collects data from everyday (real-world) situations (e.g., favorite color, number of pets)

	Level I (Grades K-2) 

	  1. 
	Collects and represents information about objects or events in simple graphs

	  2. 
	Understands that one can find out about a group of things by studying just a few of them

	Level II (Grades 3-5) 

	  1. 
	Understands that data represent specific pieces of information about real-world objects or activities

	  2. 
	Understands that spreading data out on a number line helps to see what the extremes are, where the data points pile up, and where the gaps are

	  3. 
	Understands that a summary of data should include where the middle is and how much spread there is around it

	  4. 
	Organizes and displays data in simple bar graphs, pie charts, and line graphs

	  5. 
	Reads and interprets simple bar graphs, pie charts, and line graphs

	  6. 
	Understands that data come in many different forms and that collecting, organizing, and displaying data can be done in many ways

	  7. 
	Understands the basic concept of a sample (e.g., a large sample leads to more reliable information; a small part of something may have unique characteristics but not be an accurate representation of the whole)

	Level III (Grades 6-8) 

	  1. 
	Understands basic characteristics of measures of central tendency (i.e., mean, mode, median)

	  2. 
	Understands basic characteristics of frequency and distribution (e.g., range, varying rates of change, gaps, clusters)

	  3. 
	Understands the basic concepts of center and dispersion of data

	  4. 
	Reads and interprets data in charts, tables, and plots (e.g., stem-and-leaf, box-and-whiskers, scatter)

	  5. 
	Uses data and statistical measures for a variety of purposes (e.g., formulating hypotheses, making predictions, testing conjectures)


	  6. 
	Organizes and displays data using tables, graphs (e.g., line, circle, bar), frequency distributions, and plots (e.g., stem-and-leaf, box-and-whiskers, scatter)

	  7. 
	Understands faulty arguments, common errors, and misleading presentations of data

	  8. 
	Understands that the same set of data can be represented using a variety of tables, graphs, and symbols and that different modes of representation often convey different messages (e.g., variation in scale can alter a visual message)

	  9. 
	Understands the basic concept of outliers

	10. 
	Understands basic concepts about how samples are chosen (e.g., random samples, bias in sampling procedures, limited samples, sampling error)

	Level IV (Grades 9-12) 

	  1. 
	Selects and uses the best method of representing and describing a set of data (e.g., scatter plot, line graph, two-way table)

	  2. 
	Understands measures of central tendency and variability (e.g., standard deviation, range, quartile deviation) and their applications to specific situations

	  3. 
	Understands the concept of correlation (e.g., the difference between a "true" correlation and a "believable" correlation; when two variables are correlated)

	  4. 
	Understands different methods of curve-fitting (e.g., median-fit line, regression line) and various applications (e.g., making predictions)

	  5. 
	Understands how outliers may affect various representations of data (e.g., a regression line might be strongly influenced by a few aberrant points, whereas the scatter plot for the same data might suggest that the aberrant points represent mistakes)

	  6. 
	Understands how the reader’s bias, measurement error, and display distortion can affect the interpretation of data

	  7. 
	Understands sampling distributions, the central limit theorem, and confidence intervals

	  8. 
	Understands how concepts of representativeness, randomness, and bias in sampling can affect experimental outcomes and statistical interpretations

	  9. 
	Understands that making an inference about a population from a sample always involves uncertainty and the role of statistics is to estimate the size of that uncertainty


	STANDARD 7.  Understands and applies basic and advanced concepts of probability

	Level Pre-K (Grades Pre-K)  Not appropriate at this level

	Level I (Grades K-2) 

	  1. 
	Understands that some events are more likely to happen than others

	  2. 
	Understands that some events can be predicted fairly well but others cannot because we do not always know everything that may affect an event

	Level II (Grades 3-5) 

	  1. 
	Understands that the word "chance" refers to the likelihood of an event

	  2. 
	Recognizes events that are sure to happen, events that are sure not to happen, and events that may or may not happen (e.g., in terms of "certain," "uncertain," "likely," "unlikely")


	  3. 
	Understands that when predictions are based on what is known about the past, one must assume that conditions stay the same from the past event to the predicted future event

	  4. 
	Understands that statistical predictions are better for describing what proportion of a group will experience something (e.g., what proportion of automobiles will be involved in accidents) rather than which individuals within the group will experience something, and how often events will occur (e.g., how many sunny days will occur over a year) rather than exactly when they will occur

	  5. 
	Uses basic sample spaces (i.e., the set of all possible outcomes) to describe and predict events

	Level III (Grades 6-8) 

	  1. 
	Determines probability using mathematical/theoretical models (e.g., table or tree diagram, area model, list, sample space)

	  2. 
	Determines probability using simulations or experiments

	  3. 
	Understands how predictions are based on data and probabilities (e.g., the difference between predictions based on theoretical probability and experimental probability)

	  4. 
	Understands that the measure of certainty in a given situation depends on a number of factors (e.g., amount of data collected, what is known about the situation, how current data are)

	  5. 
	Understands the relationship between the numerical expression of a probability (e.g., fraction, percentage, odds) and the events that produce these numbers

	Level IV (Grades 9-12) 

	  1. 
	Knows that a random variable can be represented by a discrete or continuous probability distribution

	  2. 
	Understands the concepts of independent and dependent events and how they are related to compound events and conditional probability

	  3. 
	Uses experimental and simulation methods (e.g., Monte Carlo simulations, statistical experiments, counting techniques) to determine probabilities

	  4. 
	Understands the differences among experimental, simulation, and theoretical probability techniques and the advantages and disadvantages of each

	  5. 
	Understands the properties of the normal curve (i.e., the graph used to approximate the distribution of data for many real-world phenomena) and how the normal curve can be used to answer questions about sets of data


	STANDARD 8.  Understands and applies basic and advanced properties of functions and algebra

	Level Pre-K (Grades Pre-K) 

	  1. 
	Understands simple patterns (e.g., boy-girl-boy-girl)

	  2. 
	Repeats simple patterns

	Level I (Grades K-2) 

	  1. 
	Recognizes regularities in a variety of contexts (e.g., events, designs, shapes, sets of numbers)

	  2. 
	Extends simple patterns (e.g., of numbers, physical objects, geometric shapes)

	Level II (Grades 3-5) 

	  1. 
	Recognizes a wide variety of patterns (e.g., basic linear patterns such as [2, 4, 6, 8 . . .] ; simple repeating and growing patterns) and the rules that explain them

	  2. 
	Understands that the same pattern can be represented in different ways (e.g., geometrically or numerically; the pattern of numbers [7, 14, 21, 28 . . .] is equivalent to the mathematical relationship 7 Ã— n)

	  3. 
	Knows that a variable is a letter or symbol that stands for one or more numbers

	  4. 
	Understands the basic concept of an equality relationship (i.e., an equation is a number sentence that shows two quantities that are equal)

	  5. 
	Solves simple open sentences involving operations on whole numbers (e.g., ? + 17 = 23)

	  6. 
	Knows basic characteristics and features of the rectangular coordinate system (e.g., the horizontal axis is the X axis and the vertical axis is the Y axis) 

	Level III (Grades 6-8) 

	  1. 
	Knows that an expression is a mathematical statement using numbers and symbols to represent relationships and real-world situations (e.g., equations and inequalities with or without variables)

	  2. 
	Understands that a variable can be used in many ways (e.g., as a placeholder for a specific unknown, such as x + 8 = 13; as a representative of a range of values, such as 4t + 7)

	  3. 
	Understands various representations (e.g., tables, graphs, verbal descriptions, algebraic expressions, Venn diagram) of patterns and functions and the relationships among them

	  4. 
	Understands the basic concept of a function (i.e., functions describe how changes in one quantity or variable result in changes in another)

	  5. 
	Solves linear equations using concrete, informal, and formal methods (e.g., using properties, graphing ordered pairs, using slope-intercept form)

	  6. 
	Solves simple inequalities and non-linear equations with rational number solutions, using concrete and informal methods

	  7. 
	Understands special values (e.g., minimum and maximum values, x- and y-intercepts, slope, constant ratio or difference) of patterns, relationships, and functions

	  8. 
	Understands basic operations (e.g., combining like terms, expanding, substituting for unknowns) on algebraic expressions

	  9. 
	Uses the rectangular coordinate system to model and to solve problems

	10. 
	Solves simple systems of equations graphically

	11. 
	Understands the properties of arithmetic and geometric sequences (i.e., linear and exponential patterns)

	Level IV (Grades 9-12) 

	  1. 
	Understands appropriate terminology and notation used to define functions and their properties (e.g., domain, range, function composition, inverses)

	  2. 
	Uses expressions, equations, inequalities, and matrices to represent situations that involve variable quantities and translates among these representations

	  3. 
	Understands characteristics and uses of basic trigonometric functions (e.g., the sine and cosine functions as models of periodic real-world phenomena)

	  4. 
	Understands properties of graphs and the relationship between a graph and its corresponding expression (e.g., maximum and minimum points)

	  5. 
	Understands basic concepts (e.g., roots), applications (e.g., determining cost, revenue, and profit situations), and solution methods (e.g., factoring, approximation using sign changes) of polynomial equations


	  6. 
	Understands the concept of a function as the correspondences between the elements of two sets (e.g., in algebra, functions are relationships between variables that represent numbers; in geometry, functions relate sets of points to their images under motions such as flips, slides, and turns; in the "real-world," functions are mathematical representations of many input-output situations)


	  7. 
	Uses a variety of models (e.g., written statement, algebraic formula, table of input-output values, graph) to represent functions, patterns, and relationships

	  8. 
	Understands the general properties and characteristics of many types of functions (e.g., direct and inverse variation, general polynomial, radical, step, exponential, logarithmic, sinusoidal)

	  9. 
	Understands the effects of parameter changes on functions and their graphs

	10. 
	Understands the basic concept of inverse function and the corresponding graph

	11. 
	Uses a variety of methods (e.g., with graphs, algebraic methods, and matrices) to solve systems of equations and inequalities

	12. 
	Understands formal notation (e.g., sigma notation, factorial representation) and various applications (e.g., compound interest) of sequences and series


	STANDARD 9.  Understands the general nature and uses of mathematics

	Level Pre-K (Grades Pre-K)  Not appropriate at this level

	Level I (Grades K-2)  Not appropriate at this level

	Level II (Grades 3-5) 

	  1. 
	Understands that numbers and the operations performed on them can be used to describe things in the real world and predict what might occur

	  2. 
	Understands that mathematical ideas and concepts can be represented concretely, graphically, and symbolically

	Level III (Grades 6-8) 

	  1. 
	Understands that mathematics has been helpful in practical ways for many centuries

	  2. 
	Understands that mathematicians often represent real things using abstract ideas like numbers or lines; they then work with these abstractions to learn about the things they represent

	Level IV (Grades 9-12) 

	  1. 
	Understands that mathematics is the study of any pattern or relationship, but natural science is the study of those patterns that are relevant to the observable world

	  2 
	Understands that mathematics began long ago to help solve practical problems; however, it soon focused on abstractions drawn from the world and then on abstract relationships among those abstractions

	  3. 
	Understands that in mathematics, as in other sciences, simplicity is one of the highest values; some mathematicians try to identify the smallest set of rules from which many other propositions can be logically derived

	  4. 
	Understands that theories in mathematics are greatly influenced by practical issues; real-world problems sometimes result in new mathematical theories and pure mathematical theories sometimes have highly practical applications

	  5. 
	Understands that new mathematics continues to be invented even today, along with new connections between various components of mathematics

	  6. 
	Understands that science and mathematics operate under common principles: belief in order, ideals of honesty and openness, the importance of review by colleagues, and the importance of imagination

	  7. 
	Understands that mathematics provides a precise system to describe objects, events, and relationships and to construct logical arguments

	  8. 
	Understands that the development of computers has opened many new doors to mathematics just as other advances in technology can open up new areas to mathematics

	  9. 
	Understands that mathematics often stimulates innovations in science and technology

	10. 
	Understands that mathematicians commonly operate by choosing an interesting set of rules and then playing according to those rules; the only limit to those rules is that they should not contradict each other


