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Structure of Arkansas Math Frameworks Grades K - 8 (2004 - 2012)

Mathematics Curriculum Framework

Standards
Number anigé&aﬁms
1. Number Sense nis shall undersiand numbers, ways of representing numbers, relationships among numbers and number
ms.
2. Properties of Number Students shall understand meanings of operations and how they relate to one another.
rations
. Numencal Operations Students shall compute fluently and make reasonable estimates
and Estimation
bra
4. atteFms. elations [ Students shall recognize. describe and develop pattems, relations and funchons.
and Functions
5 slgebraic ] Students shall represent and analyze mathematical stuations and structures using algebraic symbols.
epresentations
] 5 g{alg_%iﬁraic Viodels udents shall deve% and Egjx mathematical models 1o represent and undersfand quaniitative relalionships.
i £ ysis of Change nts analyze change in varous contexts.
Geometry :
8. Geometric Properties Students shall analyze charactaristics and properties of 2 and 3 dimensional geometnc shapes and develop
] mathematical arguments about ic relationships.
9. Transformaton of Students shall apply transformations and the use of symmetry to analyze mathemancal stuations.
Sha
3o ﬁrdinate Geometry udents shall specify locations and describe spatial relationships using coordinate geometry and other
ntational A
11. Visualization and Students shall use visualization, spatial reasoning and geometric modeling.
Geometric Models
| Measurement
[ 12 Physical Attributes Studenis shall use attnbules of measurement 1o descibe and compare mathematical and real-word objecis.
I3 s s of ts shall identify and use units, systems and processes of measurement
easurement
Data Anaigis and Probabiiity] e
N epresentation Students shall formulate questions that can be addressed with dais and collect, organize and 3§an relevant dats |
NSW
1_15_Data Analysis Students shall select and use appropnate statistical W to analyze data.
16. g\rf:éences and Students shall develop and evaluate inferences and ictions that are based on data.
ictions
17. Probabilr dents shall understand and apply basic s of ility.
“Each grade level continues to address earher Student Learner Expectations as needed and as they apply to more dificult text.

Structure of Common Core State Standards Grades K - 8

BN - 0 e -

Geometry
Measurement and Data Statistics and Probability
Number and Operations in Base Ten The Number System
Operations and Algebraic Thinking Expressions and Equations
Counting and Number and Operations— Ratios and Proportional )
" Functions
Cardinality Fractions Relationships
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Focus Areas By Grade Level Provided For Under Common Core

In Kindergarten, instructional time should focus on two critical areas: (1) representing and comparing whole numbers,

initially with sets of objects; (2) describing shapes and space. More learning time in Kindergarten should be devoted to
number than to other topics.

1. Students use numbers, including written numerals, to represent quantities and to solve quantitative problems, such as
counting objects in a set; counting out a given number of objects; comparing sets or numerals; and modeling simple joining
and separating situations with sets of objects, or eventually with equations such as 5 + 2 =7 and 7 - 2 = 5. (Kindergarten
students should see addition and subtraction equations, and student writing of equations in kindergarten is encouraged, but it
is not required.) Students choose, combine, and apply effective strategies for answering quantitative questions, including
quickly recognizing the cardinalities of small sets of objects, counting and producing sets of given sizes, counting the number
of objects in combined sets, or counting the number of objects that remain in a set after some are taken away.

2. Students describe their physical world using geometric ideas (e.g., shape, orientation, spatial relations) and vocabulary. They
identify, name, and describe basic two-dimensional shapes, such as squares, triangles, circles, rectangles, and hexagons,
presented in a variety of ways (e.g., with different sizes and orientations), as well as three-dimensional shapes such as cubes,
cones, cylinders, and spheres. They use basic shapes and spatial reasoning to model objects in their environment and to
construct more complex shapes

In Grade 1, instructional time should focus on four critical areas: (1) developing understanding of addition, subtraction,
and strategies for addition and subtraction within 20: (2) developing understanding of whole number relationships and
place value, including grouping in tens and ones; (3) developing understanding of linear measurement and measuring

lengths as iterating length units; and (4) reasoning about attributes of, and composing and decomposing geometric
shapes.

1. Students develop strategies for adding and subtracting whole numbers based on their prior work with small numbers. They
use a variety of models, including discrete objects and length-based models (e.g., cubes connected to form lengths), to model
add-to, take-from, put-together, take-apart, and compare situations to develop meaning for the operations of addition and
subtraction, and to develop strategies to solve arithmetic problems with these operations. Students understand connections
between counting and addition and subtraction (e.g., adding two is the same as counting on two). They use properties of
addition to add whole numbers and to create and use increasingly sophisticated strategies based on these properties (e.g.,
“making tens”) to solve addition and subtraction problems within 20. By comparing a variety of solution strategies, children
build their understanding of the relationship between addition and subtraction.

2. Students develop, discuss, and use efficient, accurate, and generalizable methods to add within 100 and subtract multiples of
10. They compare whole numbers (at least to 100) to develop understanding of and solve problems involving their relative
sizes. They think of whole numbers between 10 and 100 in terms of tens and ones (especially recognizing the numbers 11 to
19 as composed of a ten and some ones). Through activities that build number sense, they understand the order of the
counting numbers and their relative magnitudes.

3. Students develop an understanding of the meaning and processes of measurement, including underlying concepts such as
iterating (the mental activity of building up the length of an object with equal-sized units) and the transitivity principle for indirect
measurement.

4. Students compose and decompose plane or solid figures (e.g., put two triangles together to make a quadrilateral) and build
understanding of part-whole relationships as well as the properties of the original and composite shapes. As they combine
shapes, they recognize them from different perspectives and orientations, describe their geometric attributes, and determine
how they are alike and different, to develop the background for measurement and for initial understandings of properties such
as congruence and symmetry
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In Grade 2, instructional time should focus on four critical areas: (1) extending understanding of base-ten notation; (2)
building fluency with addition and subtraction; (3) using standard units of measure; and (4) describing and analyzing
shapes.

1. Students extend their understanding of the base-ten system. This includes ideas of counting in fives, tens, and multiples of
hundreds, tens, and ones, as well as number relationships involving these units, including comparing. Students understand
multi-digit numbers (up to 1000) written in base-ten notation, recognizing that the digits in each place represent amounts of
thousands, hundreds, tens, or ones (e.g., 853 is 8 hundreds + 5 tens + 3 ones).

2. Students use their understanding of addition to develop fluency with addition and subtraction within 100. They solve problems
within 1000 by applying their understanding of models for addition and subtraction, and they develop, discuss, and use
efficient, accurate, and generalizable methods to compute sums and differences of whole numbers in base-ten notation, using
their understanding of place value and the properties of operations. They select and accurately apply methods that are
appropriate for the context and the numbers involved to mentally calculate sums and differences for numbers with only tens or
only hundreds.

3. Students recognize the need for standard units of measure (centimeter and inch) and they use rulers and other measurement
tools with the understanding that linear measure involves an iteration of units. They recognize that the smaller the unit, the
more iterations they need to cover a given length.

4. Students describe and analyze shapes by examining their sides and angles. Students investigate, describe, and reason about
decomposing and combining shapes to make other shapes. Through building, drawing, and analyzing two- and three-
dimensional shapes, students develop a foundation for understanding area, volume, congruence, similarity, and symmetry in
later grades.

In Grade 3, instructional time should focus on four critical areas: (1) developing understanding of multiplication and
division and strategies for multiplication and division within 100; (2) developing understanding of fractions, especially unit
fractions (fractions with numerator 1); (3) developing understanding of the structure of rectangular arrays and of area; and
(4) describing and analyzing two-dimensional shapes.

1. Students develop an understanding of the meanings of multiplication and division of whole numbers through activities and
problems involving equal-sized groups, arrays, and area models; multiplication is finding an unknown product, and division is
finding an unknown factor in these situations. For equal-sized group situations, division can require finding the unknown
number of groups or the unknown group size. Students use properties of operations to calculate products of whole numbers,
using increasingly sophisticated strategies based on these properties to solve multiplication and division problems involving
single-digit factors. By comparing a variety of solution strategies, students leam the relationship between muitiplication and
division.

2. Students develop an understanding of fractions, beginning with unit fractions. Students view fractions in general as being built
out of unit fractions, and they use fractions along with visual fraction models to represent parts of a whole. Students
understand that the size of a fractional part is relative to the size of the whole. For example, 1/2 of the paint in a small bucket
could be less paint than 1/3 of the paint in a larger bucket, but 1/3 of a ribbon is longer than 1/5 of the same ribbon because
when the ribbon is divided into 3 equal parts, the parts are longer than when the ribbon is divided into 5 equal parts. Students
are able to use fractions to represent numbers equal to, less than, and greater than one. They solve problems that involve
comparing fractions by using visual fraction models and strategies based on noticing equal numerators or denominators.

3. Students recognize area as an attribute of two-dimensional regions. They measure the area of a shape by finding the total
number of same-size units of area required to cover the shape without gaps or overlaps, a square with sides of unit length
being the standard unit for measuring area. Students understand that rectangular arrays can be decomposed into identical
rows or into identical columns. By decomposing rectangles into rectangular arrays of squares, students connect area to
multiplication, and justify using multiplication to determine the area of a rectangle.

4. Students describe, analyze, and compare properties of two-dimensional shapes. They compare and classify shapes by their
sides and angles, and connect these with definitions of shapes. Students also relate their fraction work to geometry by
expressing the area of part of a shape as a unit fraction of the whole.
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In Grade 4, instructional time should focus on three critical areas: (1) developing understanding and fluency with multi-
digit multiplication, and developing understanding of dividing to find quotients involving multi-digit dividends; (2)
developing an understanding of fraction equivalence, addition and subtraction of fractions with like denominators, and
miultiplication of fractions by whole numbers; (3) understanding that geometric figures can be analyzed and classified
based on their properties, such as having parallel sides, perpendicular sides, particular angle measures, and symmetry.

1.

Students generalize their understanding of place value to 1,000,000, understanding the relative sizes of numbers in each
place. They apply their understanding of models for multiplication (equal-sized groups, arrays, area models), place value, and
properties of operations, in particular the distributive property, as they develop, discuss, and use efficient, accurate, and
generalizable methods to compute products of multi-digit whole numbers. Depending on the numbers and the context, they
select and accurately apply appropriate methods to estimate or mentally calculate products. They develop fluency with efficient
procedures for multiplying whole numbers; understand and explain why the procedures work based on place value and
properties of operations; and use them to solve problems. Students apply their understanding of models for division, place
value, properties of operations, and the relationship of division to multiplication as they develop, discuss, and use efficient,
accurate, and generalizable procedures to find quotients involving multi-digit dividends. They select and accurately apply
appropriate methods to estimate and mentally calcutate quotients, and interpret remainders based upon the context,

Students develop understanding of fraction equivalence and operations with fractions. They recognize that two different
fractions can be equal (e.g., 15/9 = 5/3), and they develop methods for generating and recognizing equivalent fractions.
Students extend previous understandings about how fractions are built from unit fractions, composing fractions from unit
fractions, decomposing fractions into unit fractions, and using the meaning of fractions and the meaning of multiplication to
multiply a fraction by a whole number.

Students describe, analyze, compare, and classify two-dimensional shapes. Through building, drawing, and analyzing two-
dimensional shapes, students deepen their understanding of properties of two-dimensional objects and the use of them to
solve problems involving symmetry.

In Grade 5, instructional time should focus on three critical areas: (1) developing fluency with addition and subtraction of
fractions, and developing understanding of the multiplication of fractions and of division of fractions in limited cases (unit
fractions divided by whole numbers and whole numbers divided by unit fractions); (2) extending division to 2-digit divisors,
integrating decimal fractions into the place value system and developing understanding of operations with decimals to
hundredths, and developing fluency with whole number and decimal operations; and (3) developing understanding of volume.

1.

Students apply their understanding of fractions and fraction models to represent the addition and subtraction of fractions with
unlike denominators as equivalent calculations with like denominators. They develop fluency in calculating sums and
differences of fractions, and make reasonable estimates of them. Students also use the meaning of fractions, of multiplication
and division, and the relationship between multiplication and division to understand and explain why the procedures for
multiplying and dividing fractions make sense. (Note: this is limited to the case of dividing unit fractions by whole numbers and
whole numbers by unit fractions.)

Students develop understanding of why division procedures work based on the meaning of base-ten numerals and properties
of operations. They finalize fluency with multi-digit addition, subtraction, multiplication, and division. They apply their
understandings of models for decimals, decimal notation, and properties of operations to add and subtract decimals to
hundredths. They develop fluency in these computations, and make reasonable estimates of their results. Students use the
relationship between decimals and fractions, as well as the relationship between finite decimals and whole numbers (i.e., a
finite decimal multiplied by an appropriate power of 10 is a whole number), to understand and explain why the procedures for
multiplying and dividing finite decimals make sense. They compute products and quotients of decimals to hundredths
efficiently and accurately.

Students recognize volume as an attribute of three-dimensional space. They understand that volume can be measured by
finding the total number of same-size units of volume required to fill the space without gaps or overlaps. They understand that
a 1-unit by 1-unit by 1-unit cube is the standard unit for measuring volume. They select appropriate units, strategies, and tools
for solving problems that involve estimating and measuring volume. They decompose three-dimensional shapes and find
volumes of right rectangular prisms by viewing them as decomposed into layers of arrays of cubes. They measure necessary
attributes of shapes in order to determine volumes to solve real world and mathematical problems.
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In Grade 6, instructional time should focus on four critical areas: (1) connecting ratio and rate to whole number
multiplication and division and using concepts of ratio and rate to solve problems; (2) completing understanding of division
of fractions and extending the notion of number to the system of rational numbers, which includes negative numbers; (3)
writing, interpreting, and using expressions and equations; and (4) developing understanding of statistical thinking.

1.

Students use reasoning about multiplication and division to solve ratio and rate problems about quantities. By viewing
equivalent ratios and rates as deriving from, and extending, pairs of rows (or columns) in the multiplication table, and by
analyzing simple drawings that indicate the relative size of quantities, students connect their understanding of multiplication
and division with ratios and rates. Thus students expand the scope of problems for which they can use muitiplication and
division to solve problems, and they connect ratios and fractions. Students solve a wide variety of problems involving ratios
and rates.

Students use the meaning of fractions, the meanings of multiplication and division, and the relationship between multiplication
and division to understand and explain why the procedures for dividing fractions make sense. Students use these operations
to solve problems. Students extend their previous understandings of number and the ordering of numbers to the full system of
rational numbers, which includes negative rational numbers, and in particular negative integers. They reason about the order
and absolute value of rational numbers and about the location of points in all four quadrants of the coordinate plane.

Students understand the use of variables in mathematical expressions. They write expressions and equations that correspond
to given situations, evaluate expressions, and use expressions and formulas to solve problems. Students understand that
expressions in different forms can be equivalent, and they use the properties of operations to rewrite expressions in equivalent
forms. Students know that the solutions of an equation are the values of the variables that make the equation true. Students
use properties of operations and the idea of maintaining the equality of both sides of an equation to solve simple one-step
equations. Students construct and analyze tables, such as tables of quantities that are in equivalent ratios, and they use
equations (such as 3x = y) to describe relationships between quantities.

Building on and re'inforcing their understanding of number, students begin to develop their ability to think statistically. Students
recognize that a data distribution may not have a definite center and that different ways to measure center yield different
values. The median measures center in the sense that it is roughly the middle value. The mean measures center in the sense
that it is the value that each data point would take on if the total of the data values were redistributed equally, and also in the
sense that it is a balance point. Students recognize that a measure of variability (interquartile range or mean absolute
deviation) can also be useful for summarizing data because two very different sets of data can have the same mean and
median yet be distinguished by their variability.

Students leamn to describe and summarize numerical data sets, identifying clusters, peaks, gaps, and symmetry, considering
the context in which the data were collected. Students in Grade 6 also build on their work with area in elementary school by
reasoning about relationships among shapes to determine area, surface area, and volume. They find areas of right triangles,
other triangles, and special quadrilaterals by decomposing these shapes, rearranging or removing pieces, and relating the
shapes to rectangles. Using these methods, students discuss, develop, and justify formulas for areas of triangles and
parallelograms. Students find areas of polygons and surface areas of prisms and pyramids by decomposing them into pieces
whose area they can determine. They reason about right rectangular prisms with fractional side lengths to extend formulas for
the volume of a right rectangular prism to fractional side lengths. They prepare for work on scale drawings and constructions in
Grade 7 by drawing polygons in the coordinate plane.

5]



Bonnie Baggett Common Core Presentation April 29

In Grade 7, instructional time should focus on four critical areas: (1) developing understanding of and applying
proportional relationships; (2) developing understanding of operations with rational numbers and working with expressions
and linear equations; (3) solving problems involving scale drawings and informal geometric constructions, and working
with two- and three-dimensional shapes to solve problems involving area, surface area, and volume; and (4) drawing
inferences about populations based on samples.

1. Students extend their understanding of ratios and develop understanding of proportionality to solve single- and multi-step
problems. Students use their understanding of ratios and proportionality to solve a wide variety of percent problems, including
those involving discounts, interest, taxes, tips, and percent increase or decrease. Students solve problems about scale
drawings by relating corresponding lengths between the objects or by using the fact that relationships of lengths within an
object are preserved in similar objects. Students graph proportional relationships and understand the unit rate informally as a
measure of the steepness of the related line, called the slope. They distinguish proportional relationships from other
relationships.

2. Students develop a unified understanding of number, recognizing fractions, decimals (that have a finite or a repeating decimal
representation), and percents as different representations of rational numbers. Students extend addition, subtraction,
multiplication, and division to all rational numbers, maintaining the properties of operations and the relationships between
addition and subtraction, and multiplication and division. By applying these properties, and by viewing negative numbers in
terms of everyday contexts (e.g., amounts owed or temperatures below zero), students explain and interpret the rules for
adding, subtracting, multiplying, and dividing with negative numbers. They use the arithmetic of rational numbers as they
formulate expressions and equations in one variable and use these equations to solve problems.

3. Students continue their work with area from Grade 6, solving problems involving the area and circumference of a circle and
surface area of three-dimensional objects. In preparation for work on congruence and similarity in Grade 8 they reason about
relationships among two-dimensional figures using scale drawings and informal geometric constructions, and they gain
familiarity with the relationships between angles formed by intersecting lines. Students work with three-dimensional figures,
relating them to two-dimensional figures by examining cross-sections. They solve real-world and mathematical problems
involving area, surface area, and volume of two- and three-dimensional objects composed of triangles, quadrilaterals,
polygons, cubes and right prisms.

4.  Students build on their previous work with single data distributions to compare two data distributions and address questions

about differences between populations. They begin informal work with random sampling to generate data sets and leamn about
the importance of representative samples for drawing inferences.
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In Grade 8, instructional time should focus on three critical areas: (1) formulating and reasoning about expressions and
equations, including modeling an association in bivariate data with a linear equation, and solving linear equations and
systems of linear equations; (2) grasping the concept of a function and using functions to describe quantitative
relationships; (3) analyzing two- and three-dimensional space and figures using distance, angle, similarity, and
congruence, and understanding and applying the Pythagorean Theorem.

1.

Students use linear equations and systems of linear equations to represent, analyze, and solve a variety of problems.
Students recognize equations for proportions (y/x = m or y = mx) as special linear equations (y = mx + b), understanding that
the constant of proportionality (m) is the slope, and the graphs are lines through the origin. They understand that the slope (m)
of a line is a constant rate of change, so that if the input or x-coordinate changes by an amount A, the output or y-coordinate
changes by the amount m-A. Students also use a linear equation to describe the association between two quantities in
bivariate data (such as arm span vs. height for students in a classroom). At this grade, fitting the model, and assessing its fit to
the data are done informally. Interpreting the model in the context of the data requires students to express a relationship
between the two quantities in question and to interpret components of the relationship (such as slope and y-intercept) in terms
of the situation.

Students strategically choose and efficiently implement procedures to solve linear equations in one variable, understanding
that when they use the properties of equality and the concept of logical equivalence, they maintain the solutions of the original
equation. Students solve systems of two linear equations in two variables and relate the systems to pairs of lines in the plane;
these intersect, are parallel, or are the same line. Students use linear equations, systems of linear equations, linear functions,
and their understanding of slope of a line to analyze situations and solve problems.

Students grasp the concept of a function as a rule that assigns to each input exactly one output. They understand that
functions describe situations where one quantity determines another. They can translate among representations and partial
representations of functions (noting that tabular and graphical representations may be partial representations), and they
describe how aspects of the function are reflected in the different representations.

Students use ideas about distance and angles, how they behave under translations, rotations, reflections, and dilations, and
ideas about congruence and similarity to describe and analyze two-dimensional figures and to solve problems. Students show
that the sum of the angles in a triangle is the angle formed by a straight line, and that various configurations of lines give rise
to similar triangles because of the angles created when a transversal cuts parallel lines. Students understand the statement of
the Pythagorean Theorem and its converse, and can explain why the Pythagorean Theorem holds, for example, by
decomposing a square in two different ways. They apply the Pythagorean Theorem to find distances between points on the
coordinate plane, to find lengths, and to analyze polygons. Students complete their work on volume by solving problems
involving cones, cylinders, and spheres.
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Key Shifts in Mathematics

The Common Core State Standards for Mathematics build on the best of existing standards and reflect the skills
and knowledge students will need to succeed in college, career, and life. Understanding how the standards differ
from previous standards—and the necessary shifts they call for—is essential to implementing them.

The following are the key shifts called for by the Common Core:
Greater focus on fewer topics

The Common Core calls for greater focus in mathematics. Rather than racing to cover many topics in a mile-
wide, inch-deep curriculum, the standards ask math teachers to significantly narrow and deepen the way time
and energy are spent in the classroom. This means focusing deeply on the major work of each grade as
follows:
In grades K~2: Concepts, skills, and problem solving related to addition and subtraction

> In grades 3-5: Concepts, skills, and problem solving related to multiplication and division of whole numbers
and understanding fractions
In grade 6: Ratios and proportional relationships, and early algebraic expressions and equations
In grade 7: Ratios and proportional relationships, and arithmetic of rational numbers

In grade 8: Linear algebra and linear functions

This tocus will help students gain strong foundations, including a solid understanding of concepts, a high degree
of procedural skill and flueney, and the ability to apply the math they know to solve problems inside and outside
the classroom,
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The Standards for Mathematical Practice

1. Make sense of problems and persevere in solving them.

Mathematically proficient students start by explaining to themselves the meaning of a problem and looking for entry points
to its solution. They analyze givens, constraints, relationships, and goals. They make conjectures about the form and
meaning of the solution and plan a solution pathway rather than simply jumping into a solution attempt. They consider
analogous problems, and try special cases and simpler forms of the original problem in order to gain insight into its
solution. They monitor and evaluate their progress and change course if necessary. Older students might, depending on
the context of the problem, transform algebraic expressions or change the viewing window on their graphing calculator to
get the information they need. Mathematically proficient students can explain correspondences between equations, verbal
descriptions, tables, and graphs or draw diagrams of important features and relationships, graph data, and search for
regularity or trends. Younger students might rely on using concrete objects or pictures to help conceptualize and solve a
problem. Mathematically proficient students check their answers to problems using a different method, and they
continually ask themselves, "Does this make sense?" They can understand the approaches of others to solving complex
problems and identify correspondences between different approaches.

2. Reason abstractly and quantitatively.

Mathematically proficient students make sense of quantities and their relationships in problem situations. They bring two
complementary abilities to bear on problems involving quantitative relationships: the ability to decontextualize—to abstract
a given situation and represent it symbolically and manipulate the representing symbols as if they have a life of their own,
without necessarily attending to their referents—and the ability to contextualize, to pause as needed during the
manipulation process in order to probe into the referents for the symbols involved. Quantitative reasoning entails habits of
creating a coherent representation of the problem at hand; considering the units involved; attending to the meaning of
quantities, not just how to compute them; and knowing and flexibly using different properties of operations and objects.

3. Construct viable arguments and critique the reasoning of others.

Mathematically proficient students understand and use stated assumptions, definitions, and previously established results
in constructing arguments. They make conjectures and build a logical progression of statements to explore the truth of
their conjectures. They are able to analyze situations by breaking them into cases, and can recognize and use
counterexamples. They justify their conclusions, communicate them to others, and respond to the arguments of others.
They reason inductively about data, making plausible arguments that take into account the context from which the data
arose. Mathematically proficient students are also able to compare the effectiveness of two plausible arguments,
distinguish correct logic or reasoning from that which is flawed, and—if there is a flaw in an argument—explain what it is.
Elementary students can construct arguments using concrete referents such as objects, drawings, diagrams, and actions.
Such arguments can make sense and be correct, even though they are not generalized or made formal until later grades.
Later, students learn to determine domains to which an argument applies. Students at all grades can listen or read the
arguments of others, decide whether they make sense, and ask useful questions to clarify or improve the arguments.

4. Model with mathematics.

Mathematically proficient students can apply the mathematics they know to solve problems arising in everyday life,
society, and the workplace. In early grades, this might be as simple as writing an addition equation to describe a situation.
In middle grades, a student might apply proportional reasoning to plan a school event or analyze a problem in the
community. By high school, a student might use geometry to solve a design problem or use a function to describe how
one quantity of interest depends on another. Mathematically proficient students who can apply what they know are
comfortable making assumptions and approximations to simplify a complicated situation, realizing that these may need
revision later. They are able to identify important quantities in a practical situation and map their relationships using such
tools as diagrams, two-way tables, graphs, flowcharts and formulas. They can analyze those relationships mathematically
to draw conclusions. They routinely interpret their mathematical results in the context of the situation and reflect on
whether the results make sense, possibly improving the model if it has not served its purpose.

5. Use appropriate tools strategically.

Mathematically proficient students consider the available tools when solving a mathematical problem. These tools might
include pencil and paper, concrete models, a ruler, a protractor, a calculator, a spreadsheet, a computer algebra system,
a statistical package, or dynamic geometry software. Proficient students are sufficiently familiar with tools appropriate for
their grade or course to make sound decisions about when each of these tools might be helpful, recognizing both the
insight to be gained and their limitations. For example, mathematically proficient high school students analyze graphs of
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functions and solutions generated using a graphing calculator. They detect possible errors by strategically using
estimation and other mathematical knowledge. When making mathematical models, they know that technology can
enable them to visualize the results of varying assumptions, explore consequences, and compare predictions with data.
Mathematically proficient students at various grade levels are able to identify relevant external mathematical resources,
such as digital content located on a website, and use them to pose or solve problems. They are able to use technological
tools to explore and deepen their understanding of concepts.

6. Attend to precision.

Mathematically proficient students try to communicate precisely to others. They try to use clear definitions in discussion
with others and in their own reasoning. They state the meaning of the symbols they choose, including using the equal sign
consistently and appropriately. They are careful about specifying units of measure, and labeling axes to clarify the
correspondence with quantities in a problem. They calculate accurately and efficiently, express numerical answers with a
degree of precision appropriate for the problem context. In the elementary grades, students give carefully formulated
explanations to each other. By the time they reach high school they have learned to examine claims and make explicit use
of definitions.

7. Look for and make use of structure.

Mathematically proficient students look closely to discern a pattern or structure. Young students, for example, might notice
that three and seven more is the same amount as seven and three more, or they may sort a collection of shapes
according to how many sides the shapes have. Later, students will see 7 x 8 equals the well remembered 7 x 5 + 7 x 3, in
preparation for learning about the distributive property. In the expression x2 + 9x + 14, older students can see the 14 as 2
x 7 and the 9 as 2 + 7. They recognize the significance of an existing line in a geometric figure and can use the strategy of
drawing an auxiliary line for solving problems. They also can step back for an overview and shift perspective. They can
see complicated things, such as some algebraic expressions, as single objects or as being composed of several objects.
For example, they can see 5 - 3(x - y)2 as 5§ minus a positive number times a square and use that to realize that its value
cannot be more than 5 for any real numbers x and y.

8. Look for and express regularity in repeated reasoning.

Mathematically proficient students notice if calculations are repeated, and look both for general methods and for shortcuts.
Upper elementary students might notice when dividing 25 by 11 that they are repeating the same calculations over and
over again, and conclude they have a repeating decimal. By paying attention to the calculation of slope as they repeatedly
check whether points are on the line through (1, 2) with slope 3, middle school students might abstract the equation (y -
2)/(x - 1) = 3. Noticing the regularity in the way terms cancel when expanding (x - 1)(x + 1), (x - 1)(x2 + x + 1), and (x -
1)(x3 +x2 + x + 1) might lead them to the general formula for the sum of a geometric series. As they work to solve a
problem, mathematically proficient students maintain oversight of the process, while attending to the details. They
continually evaluate the reasonableness of their intermediate resuits.

Connecting the Standards for Mathematical Practice to the Standards for Mathematical Content

The Standards for Mathematical Practice describe ways in which developing student practitioners of the discipline of
mathematics increasingly ought to engage with the subject matter as they grow in mathematical maturity and expertise
throughout the elementary, middle and high schoo! years. Designers of curricula, assessments, and professional
development should all attend to the need to connect the mathematical practices to mathematical content in mathematics
instruction.

The Standards for Mathematical Content are a balanced combination of procedure and understanding. Expectations that
begin with the word "understand” are often especially good opportunities to connect the practices to the content. Students
who lack understanding of a topic may rely on procedures too heavily. Without a flexible base from which to work, they
may be less likely to consider analogous problems, represent problems coherently, justify conclusions, apply the
mathematics to practical situations, use technology mindfully to work with the mathematics, explain the mathematics
accurately to other students, step back for an overview, or deviate from a known procedure to find a shortcut. In short, a
lack of understanding effectively prevents a student from engaging in the mathematical practices.

In this respect, those content standards which set an expectation of understanding are potential "points of intersection”
between the Standards for Mathematical Content and the Standards for Mathematical Practice. These points of
intersection are intended to be weighted toward central and generative concepts in the school mathematics curriculum
that most merit the time, resources, innovative energies, and focus necessary to qualitatively improve the curriculum,
instruction, assessment, professional development, and student achievement in mathematics.
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Carol Dweck: http://www.mindsetworks.com/webnav/dr-dweck-interviews.aspx

Jo Boaler: hitp://www.youcubed.org/

Karen Karp: http://amte.net/conferences/conf2013/featkarp

http://amte.net/group/research/09-13/dr-karen-kar;

ELEMENTARY .. MIDDLE SCHOOL

MATHEMATICS

Teaching Developmentally

JOHN A. VAN DE WALLE
KAREN S KARP JENIFIR M. BAY W1l LTAMS

Linda Levi: http://www.promisingpractices.net/program.asp?programid=114

Children's
Mathematics
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LEARNING MATHEMATICS IN AN .
INQUIRY-BASED CLASSROOM ol _

What Parents Can Do to Help their Child with Mathematic:

Listen to your child's thinking and ask questions
¢ Why do you think that?
*  Can you explain how you got that?
¢ How do you know?
e Does your answer make sense?
¢ Can you solve it a different way?

Practice/reinforce strategies used at school
e Try not to tell your child a strategy. The strategy will come with understanding and practice. If your child
is stuck, try to help them make sense of the problem by asking questions.
e  Ask your child word problems as they come up in everyday life.
o Always ask "WHY?"

Helping your Child Learn Mathematics
Booklet created by the US Department of Education

Introduction

What kind of attitude do you have toward math? Do you believe that math skills are important job and life skills?
Do you see math as useful in everyday life? Or do you dread doing things that involve math - figuring out how much
new carpet you'll need, balancing the checkbook, reading the technical manual that came with the DVD player? How

you answer these questions indicates how you may be influencing your child's attitudes toward math -~ and how he
approaches learning math.

Although parents can be a positive force in helping children learn math, they also can undermine their children's
math ability and attitudes by saying things such as: "Math is hard," or "I'm not surprised you don't do well in math.
I didn't like math either when I was in school,” or "I wasn't very good in math and I'm a success, so don't worry
about doing well.” Although you can't make your child like math, you can encourage her to do so and you can take
steps to ensure that she learns to appreciate its value in both her everyday life and in preparing for her future.
You might point out to her how fortunate she is to have the opportunity to learn mathematics today - when
mathematics knowledge can open the door to so many interesting and exciting possibilities.

In everyday interactions with children, there are many things parents can do - and do without lecturing or applying
pressure - to help children learn to solve problems, to communicate mathematically and to do demonstrate
reasoning abilities. These skills are fundamental to learning mathematics.

Let's look closely at what it means to be a problem solver, to communicate mathematically and to demonstrate
mathematical reasoning ability.
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A problem solver is someone who questions, finds, investigates and explores solutions to problems; demonstrates
the ability to stick with a problem to find a solution; understands that there may be different ways to arrive at an
answer; and applies math successfully to everyday situations. You can encourage your child to be a good problem
solver by including him in routine activities that involve math - for example, measuring, weighing, figuring costs and
comparing prices of things he wants to buy.

To communicate mathematically means to use mathematical language, numbers, charts or symbols to explain things
and to explain the reasoning for solving a problem in a certain way, rather than just giving the answer. It also
means careful listening to understand others' ways of thinking and reasoning. You can help your child learn to
communicate mathematically by asking her to explain what she must do to solve a math problem or how she arrived
at her answer. You could ask your child to draw a picture to show how she arrived at the answer.

Mathematical reasoning ability means thinking logically, being able to see similarities and differences in objects or
problems, making choices based on those differences and thinking about relationships among things. You can
encourage your child's mathematical reasoning ability by talking frequently with him about these thought processes.

Some Important Things Your Child Needs to Know About Mathematics

You can help your child learn math by offering her insights into how to approach math. She will develop more
confidence in her math ability if she understands the following points:

1. Problems Can Be Solved in Different Ways
Although most math problems have only one answer, there may be many ways to get to that answer.
Learning math is more than finding the correct answer:; it's also a process of solving problems and applying
what you've learned to new problems.

2. Wrong Answers Can Be Useful
Accuracy is always important in math. However, sometimes you can use a wrong answer to help your child
figure out why she made a mistake. Analyzing wrong answers can help your child to understand the
concepts underlying the problem and to learn to apply reasoning skills to arrive at the correct answer. Ask
your child to explain how she solved a math problem. Her explanation might help you discover if she needs
helps with number skills, such as addition, subtraction, multiplication and division or with the concepts
involved in solving the problem

3. Take Risks!
Help your child to be a risk taker. Help him see the value of trying to solve a problem, even if it's difficult.
Give your child time to explore different approaches to solving a difficult problem. As he works, encourage
him to talk about what he is thinking. This will help him to strengthen math skills and to become an
independent thinker and problem solver.

4. Being Able to Do Mathematics in Your Head Is Important
Mathematics isn't restricted to pencil and paper activities. Doing math “in your head” (mental math) is a
valuable skill that comes in handy as we make quick calculations of costs in stores, restaurants or gas
stations. Let your child know that by using mental math, her math skills will become stronger.
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Administrator’s Guide to Frequently-Asked Questions

About a CGI/ECM Classroom

*  Why change the way math is taught?

o To many people, math is a series of unconnected ideas and formulas that don’t make sense.

o Many children and adults have the opinion that they aren’t good at math and readily tell people they “hate math.”

o The traditional instructional model focused on procedural understanding of how to solve specific types of
problems as opposed to conceptual understanding of how the mathematics within those problems and within the
solutions works.

o Overall, in the traditional instructional model, the procedures taught to solve specific math problems have not
resulted in children being able to apply that knowledge to problems presented in a slightly different way. Also, this
procedural knowledge is not effectively carried from grade level to grade level and much time is spent every year
in re-teaching procedures from previous years.

*  Whyis my child drawing pictures or using a roundabout way to get to the answer of a math problem? Why can’t they
just use the standard algorithm?
o Educational research shows that students must go through a cycle of concretely and/or pictorially solving a
problem before they can make sense of a more abstract problem solving process such as using an algorithm.
o Drawing pictures or using seemingly ineffective strategies (like using a number line, breaking numbers apart, or
counting) helps students to initially make sense of the problem.
= This process allows students to build their understanding of how mathematics works
o Teachers will eventually move students to solving problems using the algorithms we are all used to using, but it is
important for those algorithms to make sense to the student or that knowledge is easily lost or corrupted.
® Many times, after students have moved to solving a problem using an algorithm, when they are presented
with a similar problem presented in a different context or one that involves slightly different
mathematics, students will revert to drawing pictures or using other strategies to solve the problem. This
is a good thing! It gives the student an entry point into the problem solving process that they might not
ordinarily have if they had just learned the algorithm from the beginning.

¢ Why don't teachers just tell students how to do the math?
o We want students to build their own understanding of math.
o When a teacher tells a student how to solve a problem, the student is trying to build upon the teacher’s
understanding of the problem instead of their own.
= The teacher’s understanding may or may not make sense to the student.
= Every year we see that this method does not result in learning that “sticks.”
®  Many students remember the procedure just long enough to pass the test.
=  Students must make sense of the problem in order to be an effective problem solver in the future.
o Students only learn the mathematical connections the teacher tells them about instead of constructing their own.
= Teachers will tell you that students make mathematical connections their teachers never even thought
about when asked to think about the mathematics on their own.
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* My child has always gotten A’s in math and now he/she has a C. Why is he/she struggling so much?

o Many students are not used to learning in this way and we are asking them to think differently about mathematics.

o Problem solving is much different than being asked to solve specific math problems. Problem solving is a skill that
requires perseverance and grit. Although this is challenging for many students in the beginning, in the long run, it
is a skill that will serve them well in the future.

o Rote memorization of facts and procedures is easy for some students. Conceptual understanding can initially be
more difficult, but will make their math experiences as they move to Algebra and Geometry much easier in the
end.

*  Why doesn’t my child have a math textbook?

o We want students to build upon understandings of previously learned concepts, to make sense of problems, and
to use what they know to build a strategy to solve the problem on their own (even though, initially that strategy
may be rather unsophisticated). The format of typical math textbooks undermines this process.

o Math textbooks usually show students how to do the mathematics, then give examples of several problems and
their solutions, have “naked number” practice problems, followed by a few word problems.

* Inaninquiry-based classroom, we present problems in context first because the context allows students
to make sense of the problem and gives them an entry point to solving the problem that might not occur
in “naked number” problems.

*  Whydon’t | see much homework coming home?

o Homework and practice problems are not assigned to students until the teacher believes the student has a firm
understanding of the mathematical concept. Teachers and students may work on a concept for several weeks in
class before students are ever asked to practice in a homework assignment.

* Inthe past we have assigned homework and practice hoping that conceptual understanding would
develop out of practice. That conjecture has been proven wrong with most students.

®*  Students who did not understand the procedure would practice that procedure incorrectly over and over
again on their homework problems. Undoing that incorrect understanding is very difficult, if not next to
impossible, for some students.

* Practice s still important, but is used to build fluency and efficiency of problem solving strategies; not
conceptual understanding.

®  How can | help my child at home?
o Don’t show your children how to solve problems.
o Help your child to make sense of the problem.
o Allow your child to draw pictures or diagrams to help him/her make sense of the problem and how to solve it.
o Listen to your child’s thinking about how to solve problems and ask questions like:
®  Why do you think that?
®  Can you explain how you got that?
=  How do you know?
®* Does your answer make sense?
® Can you solve it a different way?
*  Will the way you solved this problem always work?
o Askyour child to solve problems that come up in your everyday lives.
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*  How do you know this way of teaching math will work? Is anyone else using this method?

o Thereis a lot of research in the field of mathematics education to support the successful learning of mathematics
in an inquiry-based classroom. Some examples are:

* Carpenter, T.P., E. Fennema, M.L. Franke, L. Levi, S. Empson. 1999. Children’s Mathematics; Cognitively
Guided Instruction. Portsmouth, NH: Heinemann.

* Clements, C.H. 2004. Major themes and recommendation. In Engaging young children in mathematics:
Standards for early childhood mathematics education, eds. D.H. Clements, J. Sarama, & A.M. DiBlase, 7 -
72. Mahwah, NJ: Erlbaum.

* Hiebert, )., T.P. Carpenter, E. Fennema, K.C. Fuson, D. Wearne, H. Murray, A. Olivier, & P. Human. 1997.
Making sense: Teaching and learning mathematics with understanding. Portsmouth, NH: Heinemann.

o As our math specialists, coaches, and teachers attend workshops and conferences across the country, they
collaborate with other specialists, coaches, and teachers who are experiencing major gains in student
understanding of mathematics in inquiry-based classrooms.

o Many districts across Arkansas, especially in Northwest Arkansas, have implemented inquiry-based learning in
their mathematics classrooms.

o Our teachers are seeing that their students intuitively understand many mathematical concepts. This intuition has
been “taught out” of our students in the past by focusing on procedures. By focusing on these intuitive ideas that
students already possess, our Bentonville teachers are seeing amazing mathematical understandings emerge from
our students and these understandings are transferring from concept to concept and grade to grade.
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