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Introduction:
Exactly What Did They Do to Math?!


GOOD FOR YOU. You bought this book. You have proven yourself as being a concerned parent who wants to do everything you can to help your child succeed in middle-school math. Maybe you remember it as a dark time and you want your child to have a better experience. Maybe you were a “rock star” at math and want to make sure that your children follow in your footsteps. Either way you’re getting involved, and parent involvement is one of the largest positive factors in a child’s success in school.


However, things have changed significantly in the middle-school classroom in the past few years. You may remember having heard the twentiethcentury term “new math.” And thought to yourself, “How can math be new?” It’s not. The math has not changed at all. What has changed is the approach on how the material is being delivered to the students from the teachers. “New math” was a nickname given to the paradigm shift when teachers got away from lecture-based, worksheet-riddled classrooms and put the onus on the student. The major focus is having students truly learn the material—to retain it, rather than just regurgitate it on the next test only to be forgotten shortly thereafter.


The unveiling of the Common Core State Standards is the most recent shift in the mathematics classroom (as well as in Language Arts). A heavy focus has been placed on the specific concepts that are taught at each grade level as well as the mathematical practices that should be incorporated into daily learning. Common Core State Standards are looking to improve both content and instruction in classrooms across the United States. For the states that have adopted the program, it provides a common layout of what students should know before proceeding to their next year. What a student is learning in one state is exactly what a student in a different state is learning. Theoretically, if a family were to move across the country in the middle of the school year, there should be a seamless transition for the school-aged children into their new classrooms.


This book will serve as a resource for both the math-loving as well as the math-fearing parent. It will be an aide, to not only become familiarized with the new sequencing of the curriculum, but also to learn how to extend your child’s classroom into your home.


There is something to be said for practice through repetition. After all, “Practice makes progress!” However, this book will focus more on being proactive about the material. A student who knows what is coming before it arrives in the classroom will have a HUGE advantage over his or her peers. You will find an assortment of practice problems throughout this book but let it be known, by no means is this reference intended as a textbook. The sample questions will touch upon some of the most important and tricky concepts of middle-school math but it will not replace the totality of what students experience in middle school.


Thumb through the pages. Take a look at what’s on the horizon. Do not try to learn it all at once. Remember, this represents three years’ worth of mathematics. When you’re ready to delve into it a little deeper … into the specifics, work alongside your child—not in isolation. They are the reason why you now own this book! Keep an open dialogue with him or her about what they are working on in class, what is going well, what isn’t going well … it is all part of that beneficial classroom extension. We hope that this book serves its purpose as a go-to during those conversations.





PART 1
The Common Core
State Standards





CHAPTER 1
What Are the Common Core State Standards?


The Common Core State Standards are a set of national academic standards and instructional guidelines for schools to follow when teaching mathematics. They outline what a student should know and be able to do at the end of each particular grade level, but do not tell teachers how they should teach. The goal of the standards is to create a level playing field of information all students should learn at each grade level, no matter what state, no matter what school. For many years, states have been setting their own expectations of what students should know and be able to do, but when you try to evaluate how the nation ranks in education, the lack of consistent standards makes it almost impossible to compare. This chapter will provide you with an introduction to the Common Core State Standards and identify how this set of standards is intending to improve our educational system.


What Is the Purpose of the Standards?


The purpose of the Common Core standards is to develop a set of common expectations and goals for all students. These standards are intended to prepare individuals for future success in life, in college, or in the workforce. If students are to be ready to compete for jobs, they need a set of clear, consistent, rigorous goals.


The development of the Common Core State Standards began in 2009, when state and national authorities realized the nation’s students were not making progress at a rate equivalent to international peers. At this point in time, the state school chiefs and governors that make up the Council of Chief State School Officers (CCSSO) and the National Governors Association Center for Best Practices (NGA Center) began working together to establish the Common Core State Standards. In collaboration with teachers, school chiefs, administrators, and educational experts, the framework for the standards came to life.


The development of the standards was a “backward design.” The members started with college and career expectations and worked down through the grades. Working from the top down increased the level of expectation at each grade level. The standards are research based and evidenced based, include application of knowledge through higher-order thinking skills, build upon strengths of current state standards, and include information from top-performing countries so all students can be successful in global job markets.
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For more information and a great informative video about the purpose of the standards, please visit the following link and watch the “Three-Minute Video Explaining the Common Core State Standards.” This is a nice condensed version to share with others: www.youtube.com/watch?v=5s0rRk9sER0.











Setting consistent learning objectives allows the nation to be measured and compared to other countries, as well as to compare states to states. For states that have adopted the standards, it will be easier for students who move from one state to another. Teachers will now know what a child will have been expected to learn in their earlier years of schooling, and it is no longer a guessing game.
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Corestandards.org states that “Forty-three states, the District of Columbia, four territories, and the Department of Defense Education Activity (DoDEA) have adopted the Common Core State Standards and are moving forward with their implementation.”











The Common Core Standards require teachers to make a change in their professional practice. In order for the United States to compete with international markets, a change is required in what and how math is taught. With the Common Core State Standards, math classes will cover fewer concepts but in greater depth, and a focus on how and why students arrive at an answer will be at the heart of learning. The goal is for students to learn math and be able to apply it to the real world, beyond the walls of the school. The standards identify what students should learn, but does not outline how teachers should teach. Classrooms in schools will still look different from one another because every teacher will take his own approach to how he instructs his students.


What Are the Key Shifts in Mathematics?


Understanding how the standards differ from previous standards, and the necessary shifts they call for, is essential to implementing the standards correctly. When the Common Core State Standards were designed, they were built around three major mathematical shifts: Focus, Coherence, and Rigor. It is important to understand each of these shifts in order to support students in their education.


Focus


The standards call for greater focus in mathematics. What this means is that instead of racing to cover topics in today’s mile-wide, inch-deep curriculum, teachers use their power to narrow and deepen the way time and energy is spent in the classroom. The standards require depth instead of breadth, students developing strong mathematical foundations with basic concepts and solid conceptual understanding, which means they understand why and how the math works. The standards also require that students really understand the procedures related to the skills, and can fluently use these skills to solve problems.


When looking at each grade level, a deep focus is on the major work. In grades K−2, teachers focus on concepts, skills, and problem solving related to addition and subtraction. In grades 3−5, the focus changes to concepts, skills, and problem solving related to multiplication and division of whole numbers and fractions. In grade 6, the focus is on ratios and proportional relationships and early algebraic expressions and equations. In grade 7, ratios and proportional relationships, as well as arithmetic of rational numbers, becomes the focus. Finally, in grade 8, linear algebra and linear functions becomes the driving force.


This level of focus on the major areas will help students develop a solid understanding of concepts and the ability to use what they have learned to solve real-life problems they encounter along the way.


Coherence


Coherence is all about the glue that holds everything together. It is about linking information from one grade to the next and building on students’ prior knowledge. The standards have been designed around coherent progressions from grade to grade and in order to maintain coherence, it is important that a common language be used at each and every grade level.


Coherence is also maintained through the ways in which the major topics are reinforced. Instead of teaching individual skills and topics in isolation, it is about embedding skills into grade-level word problems that allow for application and reinforcement, so students can make their own connections to the information and become stronger problem solvers. Teachers are being challenged to develop problems that integrate several skills into one complex problem and challenge their students to use critical thinking skills to solve them.


Rigor


Many parents believe that rigor is about making math harder and more difficult to understand, or introducing more advanced topics at earlier grades, but this is not true. Rigor is created through learning tasks that require students to think critically, creatively, and actively about a problem. Rigor is a component of a classroom environment that creates excitement, curiosity, and enthusiasm in students.


Corestandards.org says that by “pursuing conceptual understanding, procedural skills and fluency, and application with equal intensity,” learning becomes rigorous. Conceptual understanding is developed by allowing students to access concepts from a number of perspectives, so that math becomes more than memorizing a set of procedures and rules.
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Students need to have math facts from 0−12 memorized to have access to more complex concepts and procedures. If students struggle with recalling math facts, the focus for the student is redirected to basic functions, and is taken away from the grade level concepts they should be learning.











Rigorous learning also looks at students having procedural skills and fluency. This is all about knowing what to do, and how to do it quickly and accurately. Students must practice core functions, or the rote skills of math, such as single-digit multiplication, and become experts with the process so that when things become more challenging, the basic skills are not holding students back. Fluency must be a part of every classroom, and can be supported at home through the use of timed fact tests, flash cards, online sites, and practice workbooks. Through the use of these additional resources, students are given more time and more practice to achieve the necessary levels of fluency. Some great websites that support skill development and fluency are:




	www.xtramath.org


	www.wildmath.com


	www.freerice.com


	www.mathplayground.com


	http://aplusmath.com/Games


	www.aaamath.com





There are many sites out there. Feel free to complete a search and see what comes up. If accessing technology is a challenge, don’t be afraid to use the traditional flash card activities at home or on a long car ride. It can even become a race to see who can answer the facts more quickly, to add an element of competition and fun!


The last component that creates rigor in a math classroom is the level at which a teacher requires students to apply the math they are learning. The Common Core State Standards expect students to use math in situations. For many teachers it means changing how they prepare for their classroom. Instead of thinking skill, skill, skill, application, a teacher should be thinking in reverse: How she can begin with an application problem for students to solve in her classroom, and have her instruction support the students’ needs. For example, a problem related to grocery shopping could involve ratios and rates, decimal operations, and data collection. By embedding these questions into the one application problem and asking students what is needed to solve this problem, they might identify the skills and begin to work toward solving the problem. They also may not be able to identify what they need to do, and that is an opportunity to teach the skills of breaking a problem down, identifying key information, and also teaching the skills necessary to solve. Why waste time teaching students things they already know? This, too, helps to create rigor!


Asking students to apply what they know and are able to do to solve real-world problems further solidifies their overall understanding of mathematics. Students become active members of the learning environment, demonstrating their abilities through the mathematical tasks, and meeting the academic demands of the Common Core State Standards.


Many people have different opinions about the Common Core Standards, ranging from full support to challenging every aspect of them. As a parent, it is up to you to become educated about the standards and make an educated, informed opinion for yourself.





CHAPTER 2
What Are the Eight Standards for Mathematical Practices?


Math is more than a set of concrete procedures and rules. It is about developing habits of mind that will follow a student and allow her to be successful in her future. The Common Core State Standards have outlined eight mathematical practices that are to be integrated into daily lessons. These are a set of skills that a math teacher hopes to develop in his students so they can find long-term success in life and see how math is integrated in the world around them. This chapter will detail each of the eight standards and explain how you can help support the development of these standards at home.


Standard 1: Make Sense of Problems and Persevere in Solving Them


Teachers are finding that students want to give up when something becomes too challenging. This standard takes the opportunity away. Students are now expected to look at a problem, break it down into parts that they understand, and begin working with the most basic piece. This is referred to as the problem’s entry point.


It can be hard to motivate your child to want to work through the problem and take the time to wait for her to figure out how to approach it. So often parents and teachers want to swoop in and help, but the second you pick up the pencil and show her how to do it, the learning opportunity for the child is lost. Allowing her enough time to work though tough problems develops a process for problem solving.


One approach to problem solving is to use a four-step plan. This consists of the following steps:




	Understand


	Plan


	Solve


	Check Your Work





Rather than just diving into the problem blindly, students are encouraged to take a step back and develop an approach to solving the problem, beginning with the most basic piece.


What Does It Mean to Understand a Problem?


Understanding a problem is being able to break the problem down and determine the following pieces:




	What facts do you know?


	What do you need to find out?





Strategies to help answer these questions are:




	Read and underline key points.


	Cross out useless information so it doesn’t confuse you.


	Box in or circle key information that you want to use.


	Look up vocabulary words you do not know the definition of.





Once you help your child develop this process, understanding what a problem is asking you to do becomes much easier.


How to Plan to Solve a Problem?


Developing a plan to solve a problem is all about deciding what strategy to use to answer the question. There are many strategies available, and the information provided in the problem will help to guide your child as to which approach is best. Here are some strategies that can help:




	Draw a picture


	Make a chart or diagram


	Guess and check


	Make a list


	Make a simpler version of the problem


	Work backward


	Look for patterns


	Create a graph


	Use an equation





Now It’s Time to Solve


Solving a problem is all about following through with whatever strategy you’ve picked. This is where a student shows all of his work, whether it is writing and solving an equation, drawing a picture, or any of the other number of strategies mentioned. The best way to support your child is to help him organize his work. Help him to arrange his work neatly, whether horizontally or vertically. You could also make boxes for him to show different parts of the problem so that all parts of that particular step are together. Finally, remind him to label the important numbers using appropriate units, and circle the final answer.


Check Your Work


Ahhhh . . . now you can give a big sigh of relief. The problem is solved; however, you are not done yet. Successful, strong math students always take the next step of asking themselves, “Does the answer make sense?” Asking this simple question makes a world of difference between successful math students and those who may struggle. By taking the extra minute to answer this question, students can review their work and look for mistakes. Encourage your child to check her work by doing the inverse or “opposite” operation. For instance, if she did multiplication to find the answer, have her take the product and divide it by one of the numbers used in the multiplication problem. If the answer is the other factor, then her multiplication is correct. If the answers differ, she should go back and repeat the solving process.


Helping students to solve problems using various strategies, check their work, and determine if the answer is reasonable will lead to long-term success. As a parent, be there to help with organization, make reference to various strategies, and encourage them to check their work, but do not take over. Always lead with questions, but allow students to make the progress on their own. Try not to become impatient with your struggling student. Encourage and support the struggle, and know that this struggle leads to future success. Good problem solvers try, fail, regroup, and try again.


Standard 2: Reason Abstractly and Quantitatively


How many of you are reading this title and thinking, “Oh my, these words are already confusing”? This mathematical practice asks students to contextualize numbers, decontextualize words, and use reasoning to solve problems. If this still doesn’t make sense to you, you are not alone. Let’s make it a bit easier to understand.


To reason abstractly means to be able to decontextualize a problem or to be able to pull numbers from a word problem out of context, show it symbolically using pictures and/or diagrams, and turn it into a set of numbers and symbols that can be worked with mathematically.
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How do I decontextualize a problem?
Consider this word problem: Mary ran 3.5 miles per hour for 2 hours. How far did she run? Decontextualizing this problem turns it into 3.5 × 2 = 7. However, there is no meaning to the answer, so let’s look at it with labels: 3.5 mph × 2 hours = 7 miles. Mary is able to run 7 miles in 2 hours’ time at a rate of 3.5 mph. We have taken a word problem, interpreted the meaning of it, assigned numbers and operations, and carried out the necessary steps to solve. We have reasoned abstractly.











Abstract reasoning also means to contextualize a problem, which is to create meaning given a set of numbers and symbols, and to put them into a real-world context. For example, if given the math problem 3.99 × 5 = 19.95, a real-world situation could be, Johnny bought 5 gallons of milk at $3.99 each; how much did Johnny spend? The answer would be that Johnny spent a total of $19.95.


Quantitative reasoning is all about applying the math that a student is learning to everyday life. This is really an essential skill set to learn. This skill asks students to look more deeply into mathematics and view problems as not just a set of calculations, but as an opportunity to analyze a mathematical situation and understand the meaning of the quantities or numbers being used. It requires students to be able to interpret graphs, models, and tables, and draw conclusions from their observations. This skill set includes estimating, checking if answers make sense, looking for other ways to solve a problem, and, most importantly, knowing the mathematical concepts well enough to use them in varied situations.
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How can I help my child apply this skill set at home?
The best way to support the development of reasoning skills is to ask questions of your child. Questions could include the following: Why did you choose to solve the problem this way? What does the answer mean? Can you explain to me what this graph is representing? Ask your child to teach you about the math they are learning, and explain the details he knows and understands.











Being able to reason abstractly and quantitatively allows for students to access just about anything, because they know how to make connections between ideas that are not obvious, they can transfer knowledge from one application to another, and can draw conclusions based on given information. These are skills that are used in everyday life.


Standard 3: Construct Viable Arguments and Critique the Reasoning of Others


How many of you have children that like to debate a statement that you have made? Many of you are probably nodding your head in agreement. If this is the case, the third standard for mathematical practice is right up your child’s alley.


Here students get to make their own conjectures, or statements that are based on their opinion of provided evidence from a problem. They act as a lawyer representing a case, analyzing the details and determining if the information is justified. Is there a counterexample that proves the theory wrong? If so, what is it? They need to look at the problem from both sides, acting as both a prosecutor and a defense attorney. Is the answer or explanation provided accurate and logical, or is there a mistake? If there is a mistake, students need to be able to explain what it is and how to fix it.


This standard also teaches students how to respectfully communicate ideas and opinions, whether in agreement or not. It sets up an environment where ideas can be challenged, but students are not threatened. Most importantly, students must justify and explain why their conclusion (answer, explanation, statement, etc.) is correct. They must also learn to listen to others, process the ideas of others, and determine how these statements compare and contrast to their own opinions. Students are encouraged to ask questions of one another and to look for more than one way to arrive at an answer. When someone challenges the thoughts and ideas of another, this leads to rich mathematical discussion, and further develops students who are mathematically proficient.


Standard 4: Model with Mathematics


Many people interpret this standard as strictly using manipulatives (tangible objects) to build a physical representation of the math being presented; however, it is so much more. Modeling with mathematics includes everything from building a physical representation using tangible objects to writing an equation to represent a situation. It includes analyzing information and presenting it in tables, graphs, flowcharts, diagrams, and even using graphing calculators to make a model.


The purpose of this standard is to allow students to gain a level of comfort with various modeling tools, and to be able to move flexibly between these tools depending on what question is being asked.


For example, a basic sixth-grade problem may ask students to determine which is the better buy, 10 raffle tickets for $1.00 or 2 raffle tickets for $0.25? A visual picture may be drawn to help students make meaning of the math. Refer to the following diagram. Do you see how this might be helpful to a student?
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Using a model or picture to represent what is happening in the problem allows for students to make meaning and draw a conclusion. In this particular example, it is cheaper to buy 10 tickets for $1.00 because if they are purchased two at a time, the total cost for 10 tickets is actually $0.25 more.


Other ways to model mathematics include building an area model to show multiplication of two fractions. Building area models helps to develop conceptual understanding. Look at the area model created to show multiplication of two simple fractions.


3⁄5 is represented by 3 out of 5 columns being marked using the backward diagonal.


1⁄2 is represented by 1 out of 2 rows being marked using the forward diagonal.


[image: ]


1⁄2 and 3⁄5 is 3⁄10 and this is represented where the forward and backward diagonals overlap, or where the X appears in each rectangle. If you count, 3 out of 10 rectangles contain an X, so 3⁄10 is the product.


These are two specific examples of modeling, but are not the only forms that exist. Modeling with mathematics involves many of the other standards for mathematical practices. It may require students to simplify complicated situations, analyze information to draw conclusions and make conjectures, interpret their math results, and provide a context for the situation. It even expects them to answer the question, “Does my answer make sense?”


Standard 5: Use Appropriate Tools Strategically


A mathematically capable student will approach a problem and consider all the possible tools that are available to him. Mathematical tools take on many forms. These tools can be as simple as pencil and paper or as complex as the most innovative technology. The purpose of a mathematical tool is to help a student solve problems and make sense of what is happening. The focus of this standard is not which tool they choose to use, but how they use it.


Students need to understand that every tool has a purpose, a benefit, and oftentimes a limitation. Here is a list of tools to consider when supporting your child:




	Paper and pencil


	Physical objects such as cubes, geometric shapes, place value manipulatives, fraction bars, etc.


	A ruler and/or protractor


	A calculator


	Spreadsheet software such as Microsoft Excel or Google Sheets


	Computer software for algebra, statistics, or geometry


	Drawings or diagrams (number lines, tally marks, tape diagrams, arrays, tables, graphs)


	Scissors, tracing paper, graph paper


	Web-based resources





Having some of the more basic tools on hand at home is helpful so that if a student thinks of a way to solve a problem requiring tracing paper or graph paper, for instance, he can easily access this tool and continue with his work.


Again, as a parent you may be interested in jumping in to save the day with a suggestion of a tool, but your job is very similar to that of a teacher. Provide an opportunity for your child to pick the tool he feels is appropriate, and then have the discussion about the benefits and limitations of that choice. This will allow his understanding to grow and develop, and will help him become a stronger math student.
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It is easy for a child to always want to use a calculator, and although this can be a useful tool, using it to do basic computation actually puts him at a disadvantage. Encourage your child to do mental math for basic addition, subtraction, multiplication, and division computations, and save the calculator for more complex material.











As your child becomes more comfortable using a variety of mathematical tools, you can refine her tool-selection method by asking some simple questions. First, is the tool necessary? Is the tool easy to use? Does the tool make the problem-solving process more effective and efficient? Lastly, does the tool support the mathematics in a meaningful way? Modeling this process with her will lead to her being able to ask these questions of herself. Little by little, her problem-solving ability will become stronger and you will see the amount of support required at home diminish.


Standard 6: Attend to Precision


Mathematically capable students look to communicate accurately and effectively with others. Accuracy is more than just arriving at the correct answer. Accuracy includes communicating mathematics effectively by using appropriate definitions that support the problem. Attending to precision means choosing the right symbol or set of symbols when writing an expression or equation.
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Surprisingly, many students use the equal sign incorrectly. For example, if students were asked to add a string of numbers together, like 2 + 3 + 7 + 9 + 11, they might take two numbers at a time, like this: 2 + 3 = 5, and then add on the next number so that the math ends up looking like 2 + 3 = 5 + 7 = 12 + 9 = 21 + 11 = 32. This work is mathematically incorrect. By having a set of equal signs between each of the expressions, you are saying they are all equal to one another. This is not true. 2 + 3 does not equal 5 + 7 because 5 is not equal to 12; nor does 5 + 7 = 12 + 9 because 12 is not equal to 21. The correct way to write this mathematically is 2 + 3 = 5, 5 + 7 = 12, 12 + 9 = 21, and 21 + 11 = 32, so the sum of 2 + 3 + 7 + 9 + 11 = 32. Notice how commas are separating the individual math calculations; this is mathematically correct.











Other elements that are included in attending to precision are paying attention to the units of measure, labeling answers, and labeling axes when graphing. Really, this standard asks students to pay attention to all the little details that go along with learning math. It is the little details that are most difficult for students, because it requires them to slow down, really look at the problem, and think about all the intricate details that lead to a full, well-developed solution.


Attending to precision also focuses on the degree of precision that is needed for numerical answers. Students need to be able to think about when it is appropriate to round, and to what place value should they round to.
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If students were asked to solve the following problem, what degree of accuracy should they use?
Mary buys a box of saltwater taffy that holds four pounds for $13.99. How much is she paying per pound?


Since this problem is dealing with money, the degree of accuracy should be the hundredths place, because money is expressed to the nearest cent (two decimal places). Let’s look at the math.


$13.99 ÷ 4 = 3.4975


Rounding this to the nearest cent gives an answer of $3.50, so Mary pays $3.50 per pound of saltwater taffy.











Encouraging your child to attend to precision will help him to look for the finer details of all things in life. He will become more observant in his own work and the work of others, and will learn to communicate mathematics efficiently and effectively.


Standard 7: Look For and Make Use of Structure


When you read this, are you thinking that making use of structure in math is simply organizing your work neatly, or that it is building or modeling something? That is not the structure that this standard is striving to develop.


Mathematically proficient students look to find patterns in math. They then use the patterns and extend them to help solve more challenging, complex problems. There is structure in all strands of mathematics. For example, in exploring geometry and the study of quadrilaterals, there is structure in the way each quadrilateral relates to another. Look at the following Venn diagram.
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This Venn diagram shows that all rectangles are parallelograms, because the circle of rectangles is fully inside the parallelogram structure. It also shows that kites have nothing in common with trapezoids other than being a four-sided shape because their circles are not connected at all, but both shapes are included in the quadrilateral structure. By using this diagram, students can look for patterns, similarities, and differences among four-sided shapes.
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Some textbooks define a trapezoid as having at least one pair of parallel sides. This definition is more suitable for advanced math topics seen beyond middle school. The advanced definition is considered the inclusive definition, because it includes parallelograms in the definition of trapezoids.











A student makes use of structure when stating it is impossible to get an odd-numbered sum when all the addends are even. Here, the student demonstrates an understanding that the sum of two even numbers is always even. A student may make use of structure when working with linear functions, because she sees that the rate of change is constant. Looking for structure in mathematical situations and connecting these observations between topics promotes problem solving and understanding of new mathematical concepts.


Making use of structure also includes looking at a problem from a different perspective. Maybe your child begins to see complex things as a collection of single items or more simple objects. An example of this would be finding the area of an irregular figure, like the one pictured here.


[image: ]


This irregular figure can be broken into a rectangle and a trapezoid, and what seemed like a challenging problem has been made simpler just by looking at it with a different perspective. A student would now be able to find the area of the rectangle and the area of the trapezoid, and add the two together to get the total area of the irregular figure.
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Standard 8: Look For and Express Regularity in Repeated Reasoning


This standard also focuses on recognizing patterns and structure. The goal of this standard is to find a pattern, be able to apply it to solve a single problem, and then use the information gained to make generalizations about how this can be applied to future situations.


For example, the triangular number sequence (1, 3, 6, 10, 15, 21, 28, 36, 45 . . . ) is generated from a pattern of dots that form a triangle (see the following picture). This sequence has a pattern. Can you see the pattern?
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You may observe that for each additional number in the sequence, the same number of dots is added onto the previous image. The first drawing has 1 dot, the second drawing has 3 dots (1 + 2), the third drawing has 6 dots (3 + 3), the fourth has 10 dots, and the pattern continues. What is the twelfth triangular number?


The standard of looking for and expressing regularity in repeated reasoning would encourage students to look more deeply into the pattern. What if we reconfigured the drawing and replaced the dots with cubes? Does this make it easier to see a way in which we could generalize what is happening?
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In the drawing here, n is representing the term in the sequence, so when n = 1, it references the first number in the sequence, or the number 1. When n = 2, it references the second number in the sequence, or 3, and so on. What would happen if each of these figures were doubled; what would the figure become?
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If you look at the image, each triangular number has been transformed into a rectangle. How many squares are there in each figure now? The first number in the sequence now has 2, the second number in the sequence has 6, and the third number in the sequence has 12. Each of these is double the amount of dots in the triangular number sequence.


Looking for an Easier Way


An easier way to find the number of squares in each rectangle is to find the area of the rectangle, or multiply the base times the height. A table is a great way to help organize and generalize information.
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View a text version of this table





What observations can you make? The base is always 1 more than the term of the sequence and could be represented algebraically by (n + 1). The height is equal to the term in the sequence, or n. The area of the rectangle is found by multiplying base × height or (n + 1)n.
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