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About the Hip Books
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Kansas in 2010. Teachers who were beginning the transition to the new Kansas Stak@arsiss College and Career
Ready Stadards (KCCRS) needed a reliable starting place that contained information and examples related to the new
standards.

This project attempts to pull together, in one document some of the most valuable resources that help develop the
intent, the understandig and the implementation of the KCCRS. The intent of these documents is to provide a starting
point for teachers and administrators to begin unraveling the standard and is by no means the only necessary or
complete resource that supports implementationKECRS.

This project began in the summer 2012 with the work of Melisa Hancock (Manhattan, KS), Debbie Thompson (Wichita,
Y{0 YR tFONROAF 1INl 62A0KAGFYS Y{0 ¢6K2 LINRPDGARSR (KS
on a model thaKansas had for earlier standards however, this edition is far more comprehensive than those in the past
The current editions incorporate the resources from: other state departments of education, documents such as the
content progressions, and other rdiie sources including The National Council of Teachers of Mathematics and the
National Supervisors of Mathematics. The current product was a compilation of work from the project developers in
conjunction with many mathematics educators from around theestén addition, mathematics educators across the
country have suggested changes/additions that could or should be made to further enhance its effectiveness. The
document is posted on the KATM websitenatw.katm.organd will continue to undergo changes periodically. When
significant changes/additions are implemented the necessary modification will be posted and dated.
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mathematics in Kansas and with the financial support from Kansas Department of Education and encouragement from
0KS YlIyala !aa20AFGA2y 2F ¢SHOKSNER 2F al KSYFGAOQa® (
continue to evolveas more is learned about high quality instruction for the KCCRS for mathematics.

For questions or comments about the flipbooks please contact Melisa Hancowdisa@ksu.edu
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Planning AdviceFocus on the Clusters

The (mathematics standards) callfor ANB | 4§ SNJ F2 0dza ® wl (G KSNJ { K l-wide,Nich@eepy/ 3 G
curriculum, we need to use the power of the eraser and significantly narrow and deepen how time and energy is spent
the mathematics classroom. There is a necessitydasfdeeply on the major work of each grade to enable students to
gain strong foundations: solid conceptually understanding, a high degree of procedural skill and fluency, and the ability
to apply the mathematics they know to solve problems both in andfoilte mathematics classroom.
(www.achievethecore.olg

As the Kansas College and Career Ready Standards (KCCRS) are carefully examined, there is a realization that with t
constraints of the classroom, natl of the standards can be done equally well and at the level to adequately address the
aldl yRINREAO® l'da | NBadz 6 LINA2NRGASA ySSR G2 o6S8S asSi ¥:
StandardshouldK | @S Sj dzi £  LINX)2 Thirefoket thede ¥ & Me@d t& eleware thercontent of some

standards over that of others throughout thel® curriculum.

When the Standards were developed the following were considerations in the identification of priorities: 1) the need to
be qualitatve and weHarticulated; 2) the understanding that some content will become more important than other; 3)
the creation of a focus meansthat2 YS SaaSydAtft O2ydiSyid gAtf 3ISH I AINBI
remaining contentis limited y a4 02 LJIS®¢ n 0 I  dnfpy éx8usibn ol ddbidieaiNIs tsdallyfngesdad v 2 U
to be taught in conjunction with or in support of one of the major clusters
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arc of big ideas in the Standards. A prioritization scheme that respects progressions in the
Standards will strike a balance between the journey and the endpoint. If the endpoint is
everything, few will have enough wisdom to walk the pdtthé endpoint is nothing, few will
understand where the journey is headed. Beginnings and the endings both need particula
X LG g2dz R fa2 oS I YA&all1S (2 ARSYy(AFoEMEEES | yRI |
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know. Mathematics is simplest at the right grairesi According to Daro (Teaching Chapters, Not Lesgran Size of
Mathematics), strands are too vague and too large a grain size, while lessons are too small a grain size. About 8 to 12
dzy AGd 2NJ OKI LJi SNA LINB RdzOS Inring pimcessiskaf shouil attisnial to dha dllistérg/ and A T
think of the standards as the ingredients of cluster, while understanding that coherence exists at the cluster level acros
grades.

A caution-Grain size is important but can result in conversatittrag do not advance the intent of this structure.

Extended discussions that argue 2 days instead of 3 days on a topic because it is a lower priority detract from the over
intent of suggested priorities. The reverse is also true. As Daro indicatesslocused on
lessons can also provide too narrow a view which compromises the coherence value of
closely related standards.

The video clip Teaching Chapters, Not Less@isin Size of Mathemati¢sat follows
presents Phil Daro further explaining graime and the importance of it in the planning
process (Click on photo to view video.)
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priorities should help guide the focus for teach@sthey determine allocation of time for both planning and instruction.
The priorities provided help guide the focus for teachers as they demine distribution of time for both planning and
instruction, helping to assure that students really understantblemoving on. Each cluster has been given a priority
level. As professional staffs begin planning, developing and writing units as Daro suggests, these priorities provide
guidance in assignirtgme for instruction and formative assessment within tHassroom.

Each cluster within the standards has been given a priority level by Zimba. The three levels are referre&ooes:
Additional and Sample Furthermore, Zimba suggests that about 70% of instruction should relate to the Focus clusters.
In planning, the lower two priorities (Additional and Sample) can work together by supporting the Focus priorities. The
FRGIFYOSR 62N)] Ay (KS KAIK aoOKz22f aidlyRINRa Aa 2FiGSy -
pursue STEM careers Advance Placement courses should master the material markeddtwith ¢ A G KAy (G KS
These standards fall outside of priority recommendations.

Recommendations for using clust level priorities

Appropriate Use:

9 Use the priorities as guidance to inform instructional decisions regarding time angrcesspent on clusters
by varying the degrees of emphasis

9 Focus should be on the major work of the grade in order to open up the time and space to bring the Standards
for Mathematical Practice to life in mathematics instruction through: sems&ing, reasning, arguing and
critiquing, modeling, etc.

9 Evaluate instructional materials by taking the cluster level priorities into account. The major work of the grade
must be presented with the highest possibility quality; the additional work of the grade shmlddd support
the Focus priorities and not detract from it.

9 Set priorities for other implementation efforts taking the emphasis into account such as: staff develpmexwn
curriculum developmentevision of existing formative or summative testing ag state, district or school level.

Things to Avoid:

1 Neglecting any ahe material in the standardsather than connecting the Additional and Sample clusters to the
other work of the grade

9 Sorting clusters from Focus to Additional to Sample and then tegc¢he clusters in order. To do so would
remove the coherence of mathematical ideas and miss opportunities to enhance the focus work of the grade
with additional clusters.

1 'aAy3 GKS OfdAGSNEQ KSIRAYy3IA +a | ofBdstandddwnsugi T2 N.
from the practices to surrounding text including the particular wording of the individual content standards.
Guidance for priorities is given at the cluster level as a way of thinking about the content with the necessary

specificiy yet without going so far into detail as to comprise and coherence of the standards (grain size).



Depth Opportunities

Each cluster, at a grade level, and, each domain at the high school, identifies five or fewer standardsgtr in

instruction called Depth OpportunitigZimba, 2011). Depth Opportunities (DO) is a qualitative recommendation about
allocating time and effonwvithin the highest priority clustersthe Focudevel. Examining the Depth Opportunities by
standard reflects that some are beginnings, some atealimoments or some are endings in the progressions. The
5hQa LINPOARS | LINA2NRGATFGA2Y F2N KFIyRftAy3a GKS dzyS@S,
content elements, but, rather focus on a big important idea that studeetsd to develop.
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by emphagzing:tight focus rigorous reasoning and discussi@mnd extended class time devoted to practice and

reflection and havehigh expectation for mastery See Table 6 Appendix, Depth of Knowledge (DOK)

In this document, Depth Opportunities are highligh-in the Standards sectiofror example:

5.NBT.6 Find whole number quotients of whole numbers with up todigit dividends and twaligit divisors, using
strategies based on place value, the properties of operations, and/or the relationship betvigécatio and division.
lllustrate and explain the calculation by using equations, rectangular arrays and/or area models.

Depth Opportunities can provide guidance for examining materials for purchase, assist in professional dialogue of how
besttodevé 2 LJ G KS 5hQ&a Ay AyaidNHzGA2Y | yR ONBFGS 2 LR NI dzy
formative assessment.



Standards for Mathematical Practice iBrade 8

The Common Core State Standards for Mathematical Practice are practices expected to be integrated into every mathemafissdédstadents Grades-K
12. Below are a few examples of how these Practices may be integrated into tasks thabGnadients complete

Practice Explanation and Example
OHRVENCEEESE Mathematically proficient stdents start by explaining to themselves the meaning of a problem and looking for entry points to
problems a_nd solution. They solve real world problems through application of algebraic and geometric concepts. They see the meaning o
persevere in problem and look for efficieln ¢l €¢a (2 NBLINBaSyid FyR az2ft @S AGo ¢tKSe OKS
solving them. STTAOASY(H oste G2 a2t @S GKS LINPG6fSYKéS 452548 (KAa YI 1aéd 3
the approaches of other® solving complex problems and identify correspondences between the different approaches. Exan
understand why a 20% discount followed by a 20% markup does not return an item to its original price, a MS student religfet
the situation into aape diagram or a general equation; or they might first consider the result for an item priced at $1.00 or $1

2) Reason Mathematically proficient students make sense of quantities and their relationships in problestigits. They represent a wide

abstractly and variety of real world contexts through the use of real numbers and variables in mathematical expressions, equations ualitida

quantitatively. They examine patterns in data and assess the degree of linearity of functionscorftegtualizeto understand the meaning of the
number or variable as related to the problem. Thiegontextualizéo manipulate symbolic representations by applying properti¢
operations. Quantitative reasoning entails habits of creating a coherentseptation of the problem at hand; considering the ur
involved; attending to the meaning of quantities, not just how to compute them; and knowing and flexibly using differestipeoj
of operations and objects. Examples: 1)They apply ratio reastmgunvert measurement units and proportional relationships t
solve percent problems, 2) they solve problems involving unit rates by representing the situations in equation formhapdi8¢ t
properties of operation to generate equivalent expressiond ase the number line to understand multiplication and division of
rational numbers.
L@ ilavEl SN Mathematically proficient students understand and use stated assumptions, definitions, and preestaslljshed results in
argumentsand constructing arguments. They make conjectures and build a logical progression of statements to explore the truth of their
critique the conjectures. They are able to analyze situations by breaking them into cases, and can recognize and ersxaoyiés. They
reasoning of justify their conclusions, communicate them to others, and respond to the arguments of others. They construct argumgnts
others. verbal or written explanations accompanied by expressions, equations, inequalities, models, and graphsindméser data
displays (i.e. box gt, dot plots, histograms, etcBxample: Use of numerical counterexamples to identify common errors in algg
manipulation, such as thinking that¢®x is equivalent to 3x. Proficient MS students progress frayuiag exclusively through
concrete referents such as physical objects and pictorial referents, to also including symbolic representations sucbsagrexang
equations.




4) Model with Mathematically proficient students can apply the mathatins they know to solve problems arising in everyday life, society, an
mathematics. workplace. They analyze relationships mathematically to draw conclusions. They routinely interpret their mathematisahre
the context of the situation and reflect on whedr the results make sense, possibly improving the mode if it has not served itg
purpose. Examples: MS students might apply proportional reasoning to plan a school event or analyze a problem in theyo
or they can roughly fit a line to a scattelopto make predictions and gather experimental data to approximate a probability.

SN Lo iEisH Mathematically proficient students consider the available tools when solving a mathematical problem. These tools maght ing
eleSeiElcl o= WA pendl/paper, concrete models, ruler, protractor, calculator, spreadsheet, computer algebra system, a statistical packaganar
geometry software. They are sufficiently familiar with tools appropriate for their grade to make sound decisions aboutgfheh
these tools might be helpful, recognizing both the insight to be gained and their limitations. They are able to use geirots
to explore and deepen their understanding of concepts. Examples: Use graphs to model functions, algebisetié®to propertie
of operations apply to equations, and dynamic geometry software to discover properties of parallelograms.

6) Attend to Mathematically proficient studentsy to communicate precisely to others. They try to use clear dafirgtin discussions with
precision. others and in theiownreasoning. They calculate accurately and efficiently, express numerical answers with a degree of pre
appropriate for the problem context. Examples: 1) MS students can use the definition of ratiomaéns to explain why a
number is irrational, and describe congruence and similarity in terms of transformations in the plane and 2) they acaqupbtely
scientific notation to large numbers and use measures of center to describe data sets.

7) Look for and Mathematically proficient students look for and notice patterns dmeh articulate what theysee They can step back for an
make useof overview and shift perspective. They can see complicated things, such as some algebraic expressigiespagects or as being
structure. composed of several objects. For example, they can sg&(6cy)? as 5 minus a positive number times a square and use that t(
realize that its value cannot be more than 5 for any real numkearsdy. Examples: 1) MS studismmight use the structure of the
number line to demonstrate that the distance between two rational numbers is the absolute value of their difference, ascert:
the relationship between slopes and solution sets of systems of linear equations, and segitier® X = 2/ represents a
proportional relationship with a unit rate of 3/2 = 1.5, 2) they might recognize how the Pythagorean theorem is used to find
distances between points in the coordinate plane and identify right triangles that can be used tioefilethgth of a diagonal in a
rectangular prism.

8) Look for and Mathematically proficient students notice if calculations are repeated and look both for general methods and for shd@ycuts.
SIS IERIVAS paying attention tathe calculation of slope as they repeatedly check whether po9ints are on the line through (1,2) with slope
in repeated middle school students might abstract the equatiorg @)/(x ¢ 1) = 3. As they work to solve a problem, mathematically proficie
reasoning. students maimain oversight of the process, while attending to the details. They continually evaluateasenableness of their
intermediate results. Examples: 1)By working with tables of equivalent ratios, middle school students can deduce the
corresponding multificative relationships and connections to unit rates, 2) they notice the regularity with which interior angle|
sums increase with the number of sides in a polygon leads to a general formula for the interior angle surgoha) MS
students learn to sesubtraction as addition of opposite, and use this in a general purpose tool for collecting like terms in ling
expressions.




Summary of Standards for Mathematical Practic
1. Make sense of problems and pergere in solving them.

1 Interpret and make meaning of the problem looking fol
starting points. Analyze what is given to explain to
themselves the meaning of the problem.

1 Plan a solution pathway insad of jumping to a solution.

1 Can monitor their progress arahange the approach if
necessary.

1 See relationships between various representations.

1 Relate current situations to concepts or skills previous
learned and connect mathematical ideas to one anoth

1 Can understand various approaches to solutions.

{ Continwally askthems&S & T a52Sa KA:

Questions to Develop Mathematical Thinking
9 How would you describthe problem in your own words?
1 How would you describe what you are trying to find?
1 What do you notice abo®
1 What information is given in the problem?
1 Describe the relationship between thipiantities.
1 Describe what you have already tried.
1 What might you change?
¢l t1 YS GKNRdzZAK GKS adSLia
1 What steps in the procesare you most confident about?
1 What are some other strategies you might try?
1 What are some other probs that are similar to this one?,
1 How might you use one of your previous problems to hely
you begin?
1 How else might yoorganize, represent, and sh@w

2. Reason abstractly and quantitatively.

1 Make sense of quantities and their relationships.

1 Are able to @contextualize (represent a situation
symbolically and manipulate the symbols) and
contextualize (make meaning of the symbols in a
problem) quantitative relationships.

9 Understand the meaning of quantities and are flexible
the use of operations and thefiroperties.

9 Create a logical representation of the problem.

1 Attends to the meaning of quantities, not just how to
compute them.

1 What do the numbers used in the problem represent?
1 What is the relationship of the quantities?

9 How is related to ?

1 What isthe relationship between and ?

1 What does mean to you? (e.g. symbol, quantity,
diagram)

1 What properties might we use to find a solution?

1 How did you decide in this task that you neededise?

9 Could we have used another operation or property to sol
this task? Why or why not?

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

1 Analyze problems and use stated mathematical
assumptions, definitions, and established results in
constructing arguments.

1 Justify conclusions with mathematiddeas.

1 Listen to the arguments of others and ask useful
questions to determine if an argument makes sense.

9 Ask clarifying questions or suggest ideas to
improve/revise the argument.

9 Compare two arguments and determine correct or
flawed logic.

1 What mathemaical evidence would support your solah?
How can we be sure that ? [/ How could you prove
that._ ? Will it still work if.  ?

1 What were you considering when. ?

9 How did you decide to try that strategy?

9 How did you test whether your approach worked?

9 Howdid you decide what the problem was asking you to
find? (What was unknown?)

f5AR &2dz GNB | YSGK2R GKI G
Would it ever work? Why or why not?
 What is the same and what is difent about. ?

9 How could you demonstrate a countekample?

4. Model with mathematics.
1 Understand this is a way to reason quantitatively and
abstractly(able to decontextualize and contextualize).

1 Apply the math they know to solve problems in everyd
life.

1 Are able to simplify a complex problem andridiéy
important quantities to look at relationships.

1 Represent mathematics to describe a situation either
with an equation or a diagram and interpret the results
of a mathematical situation.

1 Reflect on whether the results make sense, possibly
improving orrevising the model.

1141 GKSvastosas
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1 What number model could you construct to represent the
problem?

1 What are some ways to represent the quantities?

12 KFGQ& |y Sl dignihat tngtches thk Sagradl
numberline, chart, tabl@

9 Where did you see one of the quantities in the task in you
equation or expression?

9 Would it help to ceate a diagram, graph, talite

1 What are sme ways to visually represeht

1 What formula might apply in this situation?




Summary of Sindards for Mathematical Practice
5. Use appropriate tools strategically.
1 Use available tools recognizing the strengths and
limitations of each.

1 Use estimation and other mathematical knowledge to
detect possibleerrors.

1 Identify relevant external mathematical resources to
pose and solve problems.

1 Use technological tools to deepen their understanding
mathematics.

Questions to Develop Mathematical Thinking

9 What mathematical tools could we use to visualize and
represent the situation?

1 What information do pu have?

1 What do you know that is not stated in the problem?

1 What approach are you considering trying first?

1 What estimate did you make for the solution?

1 In this situation would it be helpful to use: a graplumber
line, ruler, diagram, calculator, maniative?

1 Why was it helpful to use. ?

9 What canusinga ___ show us, that ___may not?

1 In what situations might it be more informative or helpful 1
use. ?

6. Attend to precision.

1 Communicate precisely with others and try to use clea
mathematical language veim discussing their reasoning

1 Understand meanings of symbols used in mathematic
and can label quantities appropriately.

9 Express numerical answers with a degree of precision
appropriate for the problem context.

9 Calculate efficiently and accurately.

1 What mathematical terms apply in this situation?

1 How did you know your solution was reasonable?

1 Explain how you might show that your solution answers tl
problem.

1 Is there a more efficient strategy?

1 How are you showing the meaning of the quantities?

1 What symbds or mathematical notations are important in
this problem?

1 What mathematical language, definitions, propertn
you use to explain.__ ?

9 How could you test your solution to see if it answers the
problem?

7.Look for and make use of structure.
91 Apply geneal mathematical rules to specific situations.
9 Look for the overall structure and patterns in
mathematics.
9 See complicated things as single objects or as being
composed of several objects.

1 What doservations do you make about. ?

1 What do you notice when. __ ?

1 What parts of thke problem might you eliminatesimplify?

1 What patterns do you find in. __ ?

1 How do you know if something is a pattern?

1 What ideas that we have learned before were useful in
solving this problem?

1 What are some other problems that are similar tost one?

9 How does this relate to. ?

1 In what ways does this problem connect to other
mathematical concepts?

8. Look for and express regularity in repeated reasoning.

1 See repeated calculations and look for generalizationg
and shortcuts.

1 See the overall prazss of the problem and still attend tc
the details.

1 Understand the broader application of patterns and se
the structure in similar situations.

1 Continually evaluate the reasonableness of their
intermediate results.

1 Will the same strategy work in other s#tions?
1 Is this always true, sometimes true or never true?

1 How would we prove that. ?
9 What do you notice about. ?
9 What is happening in this situation?
1 What would happen if. ?

1 What Isthere a mathematical rule for. ?

1 What predictions or generalizationsrchis pattern
support?

1 What mathemattal consistencies do you notize




Critical Areas for Mathematics in'8Grade

In Grade 8, instructional time should focus on three critical areas: (1) formulating and reasoning about expressions anc
equations, including modeling an association in bivarigavith 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 twand threedimensional space and figures usingtdince, 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 problen
Students recognize equations for prafions - @ £ i @ « as special linear equations) @ ® @,
understanding that the constant of proportionalitn is the slope, and the graphs are lines through the origin.

They understand that the slopenf of a line is a constant rate ohange, so that if the input orcoordinate changes

by an amount, the output ory-coordinate changes by the amoumif] A. Students also use a linear equation to
describe the association between two quantities in bivariate data (such as arm span sforesgudents 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 slopeyaimercept) in terms of the situation.

Students strategically choose and efficiently implement procedures to solve linear equationsvariaiee,
understanding that when they use thoperties 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 th
systems to pairs of lines in the plane; these intersed,marallel, 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.

2. Students grasp the concept of a function as a rule #signs 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 ezpa¢giens may be
partial representations), and they describe how aspects of the function are reflected in the different
representations.

3. 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 analyzdirvemsional 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 givise 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 decompassamiare 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, cyéindespheres.



Dynamic Learning Map®©LM) andEssential Elements

The Dynamic Learning Mapad Essential Elements are knowledge and skills linked to the desgéexpectations
identified in the Common Corddde StandardsThe purpose of the Dynamic Learning Maps Essential Elements is to
build a bridgerom the content in the Common Core State Standards to academic expectations for students with the
most significant cognitive disabilities.

For more information please visit thigynamic Leaning Maps and Essential Elemenisbsite.
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Grade 8 Content Standards Overview

The Number SystertNg

1 Know that there are numbers that are not rational, and approximate them by rational numbers.
NS.1 NS.2

Expressions and Equations (EE)
1 Work with radicals and integer exponents.

EE.1 EE.2 EE.3 EE.4

1 Understand the connections between proportional relationships, lines, and linear equations.
EE.5 EE.6

1 Analyze and solve linear equations and pairs of simultaneous linear equations.
EE.7 EE.8

Functions (F)
91 Define, evaluate, and compare functions.

F.1 F.2 F.3

1 Use functions to model relationships between quantities.
F.4 F.5

Geometry(GE)

1 Understand congruence and similarity using physical ngdelnsparencies, or geometspftware.
G.1 G.2 G3. G4 G.5

1 Understand and apply the Pythagorean Theorem.
G.6 G.7 G.8

1 Solve realvorld and mathematical problems involving volume of cylinders, cones, and spheres.
G.9

Statistics and Probability (SP)

1 Investigate patterns of association to bivariate data.
SP.1 SP.2 SP.3 SP.4

Major Supportirg Additional Depth Opportunities(DO)



Domain: The Number System (NS)

Quster: Know that there are numbers that are not rational, and approximate them by rational nu

Standard:Grade8.NS.1

Know that numbers that are not rational are called irrational. Understand informally that every number has a decimal
expansionfor rational numbers show that the decimal expansion repeats eventually, and convert a decimal expansion
which repeats eventually into a rational number.

Suggested Standards for Mathematical Practice (MP):
V MP.2 Reason abstractly and quantitatively
V MP.6Attend to precision.
V  MP.7 Look for and make use of structure.

Connections Grade 8.EE.4; Grade 8.EE.7b
This cluster is connected to:
9 This cluster goes beyond the Grade 8 Critical Areas of Focus to addr&szy with irrational numbers, integer
exponents, and scientific notation
1 This cluster builds on previous understandings fl@rades 67, The Number System

Explanations and Examples:

Students distinguish between rational and irrational numbers. Any number that can be expressed as a fraction is
rational number. Students recognize that the decimal equivalent of a fraction will either terminate or repeat. Fractions
that terminate will have denominators containing only prime factors of 2 and/or 5. This understanding builds on work ir
7" gradewhen students used long division to distinguish between repeating and terminating decimals. Students conver
repeating decimals into their fraction equivalent using patterns or algebraic reasoning. One method to find the fraction
equivalent to a repeatindecimal is shown below.

Changed® to a fraction
7 Letw M@ ttt811
1 Multiply both sides so that the repeating digits will be in front of the decimal. In this example, one digit repeats
so both sides are multiplied by 10, givingb t8@ T T T 81 1
1 Subtractthe original equation from the new equation.
pm 1T8TTT18TT
W MTTI8rT
o T
1 Solve the equation to determine the equivalent fraction.
o T
w W
. T
®
Additionally, students can investigate repeating patterns that occur when fractions have mitertor of 9, 99, or 11.

For example-is equivalent taw , - is equivalent tat, etc.

Major Supportiry Additional Depth Opportunities(DO)



A student made the following conjecture and found two examples to support the conjecture.

If a rational number is not an integer, then the square mfche rationalnumter Is irrational. For

example Vio®is irrational and -is irrational.

Provide two examples of nanteger rational numbers that show that the conjecturdatse.

Sample Response
1 Example 1: 2.25

1 Example 2:-

Students can use graphic organizers to show the relationship between the subsets of the real number system.

Real Numbers

All real numbers are either
rational or irrational
4 b

Rational Irrational

Integers
Whole

Instructional Strategies:

The distinction between rational and irrational numbers is an abstract distinction, originally based on idealtassimp

of perfect construction and measurement. In the real world, however, all measurements and constructions are
approximate. Nonetheless, it is possible to see the distinction between rational and irrational numbers in their decimal
representations.

Arational number is of the form, wherea andb are both integers, ant is not 0. In the elementary grades, students
learned processes that can be used to locate any rational number on the number line: Divide the interval from 0 to 1
into b equalparts; then, beginning at 0, count out a of those parts. The surprising fact, now, is that there are numbers
on the number lindghat cannot be expressed aswith a andb both integers, and these are called irrational numbers.

Students construct aght isosceles triangle with legs of 1 unit. Using the Pythagorean Theorem, they determine that the
length of the hypotenuse i#¢. In the figure below, they can rotate the hypotenuse back to the original number line to
show that indeed/c is a numler on the number line.

Major Supportiry Additional Depth Opportunities(DO)



In the elementary grades, students become familiar with decimal fractions, most often with decimal representations
that terminate a few digits to the right of the decimal point. For example, to findeiaet decimal representitn of-,

students might use their calculator to fird & QY L X p T & apdtlxey might guess that the digits 285714 repeat. To

show that the digits do repeat, students in Grade 7 actually carry out the long division and recognize that the remainde
repeat in a predictable pattema pattern that creates the repetition in the decimal representation (see 7.NS.2.d).

Thinking about long division ask students what will happen if the remainder is 0 at some step. They can reason that the
long division is@mplete, and the decimal representation terminates. If the reminder is never 0, in contrast, then the
remainders will repeat in a cyclical pattern because at each step with a given remainder, the process for finding the ne;
remainder is always the samé&hus, the digits in the decimal representation also repeat. When dividing by 7, there are
6 possible nonzero remainders, and students can see that the decimal repeats with a pattern of at most 6 digits. In

general, when finding the decimal representatiof—, students can reason that the repeating portion of decimal will

have at mosn-1 digits. The important point here is that students can see that the pattern will repeat, so they can
imagine the process continuing without actually carryinguit. o

Conversely, given a repeating decimal, students learn strategies for converting the decimal to a fraction. One approact
to notice that rational numbers with denominators of 9 repeat a single digit. With a denominator of 99, two digits
repeat; witha denominator of 999, three digits repeat, and so on.

— T™popop8opo
— T T XT X8 XT
— TR OXCORGCOX
— m YT PdT YU

From this pattern, students can go in the other direction, conjecturing, for example, that the repeating decimal

T YU X PpT & v ¥+ Andthen they can verify thathis fraction is equivalent te.

Once students understand that)(every rational number has a decimal representation that eittemninates or

repeats, andq) every terminating or neeating decimal is a rational number, they can reason that on the number line,
irrational numbers (i.e., those that are not rational) must have decimal representations that neither terminate nor
repeat. Although students at this grade do meed to be ale to prove that/iq is irrational, they need to know thatic

is irrational (see 8.EE.2), which means that its decimal representation neither terminates nor repeats.

Nonetheless, they can approximatdc, without using the square root key on the caator.

Major Supportiry Additional Depth Opportunities(DO)



Students can create tablekdi those shown to approximatéc to one, two, and then three places to the right of the

decimal point:

X X x X x X
1.0 1.00 «| 140 | 1.9600 -¥ | 1.410 | 1.988100
1.1 1.21 1.41 1.9881 1.411 | 1.990921
1.2 1.44 142 | 2.0164 1.412 | 1.993744
1.3 1.69 1.43 | 2.0449 1.413 | 1.996569
1.4 1.96 144 | 2.0736 1.414 | 1.999396
1.5 225 | 145 | 21025 1.415 | 2.002225
1.6 2.56 146 | 2.1316 1.416 | 2.005056
1.7 2.89 147 | 2.1609 1.417 | 2.007889
1.8 3.24 148 | 2.1904 “\ 1.418 | 2.010724
1.9 3.61 | 149 | 2.2201 V| 1.419 | 2.013561
2.0 4.00 4150 | 2.2500 4| 1.420 | 2.016400

From knowing that4= 1 and 2% 4, or from the tables on the previous page, students can reason that ikhare
number between 1 and 2 whose square is 2. In the first table above, students can see that between 1.4 and 1.5, there
a number whose square is 2. Then in the second table, they locate that number between 1.41 and 1.42. é&nd in th

third table they can locate/c between 1.414 and 1.415.

Students can develop more efficient methods for this work. For example, from the picture above, they might have
begun the first table with 1.4. And once they see that 1.422 > 2, they do not need to generagsttbéthe data in the
second table.

Use set diagrams to show the relationships among real, rational, irrational numbers, integers, and counting numbers.
The diagram should show that the all real numbers (numbers on the number line) are either rationational.

Given two distinct numbers, it is possible to find both a rational and an irrational number between them.

Resources/Tools
For detailed information see Learning Progressions for The Number Sys8em 6
http://commoncoretools.me/wpcontent/uploads/2013/07/ccssm_progression NS+Number 207-89.pdf

Also see engageNY Moduléstps://www.engageny.org/resource/grad8-mathematics

8.NS Estimating Square Roots

8-NS Caldating and Rounding Numbers

N-RN, 8NS Calculating the square root of 2

8.NS Converting Decimal Represemtasi of Rational Numbers to Fraction Representations
8.NS Identifying Rational Numbers

8.NS Converting Repting Decimals to Fractions

Depth Opportunities(DO)

Additional

Supportirg

Major


http://commoncoretools.me/wp-content/uploads/2013/07/ccssm_progression_NS+Number_2013-07-09.pdf
https://www.engageny.org/resource/grade-8-mathematics
https://www.illustrativemathematics.org/illustrations/338
https://www.illustrativemathematics.org/illustrations/766
https://www.illustrativemathematics.org/illustrations/764
https://www.illustrativemathematics.org/illustrations/335
https://www.illustrativemathematics.org/illustrations/334
https://www.illustrativemathematics.org/illustrations/1538

Common Misconceptions:
Some students are surprised that the decimal representation of pi does not repeat. Some students believe that if only
we keep looking at digits farther and farther to the right, eventualbatiern will emerge.

A few irrational numbers are given special nan@siide), and much attention is given tdc. Because we name so few
irrational numbers, students sometimes conclude that irrational numbersiausual and rare. In fact, irratioha

YdzYo SNR | NB YdzOK Y2NB LX SydAFdzZ GKIFYy NIGA2YEFE ydzYo SNI
Students may think that the number line only has the numbers that are labeled.

Students may confuse the radical sign with the division sign.

Students may forget that each rational number has a negative square root, as well as a principal (positive) square root.

Major Supportiry Additional Depth Opportunities(DO)



Domain: The Number System (NS)

Cluster: Know that there are numbers that are not rational, and approximate them by rational nu

Standard:Grade8.NS.2

Use rational approximations of irrational numbers to compare the size of irrational numbers, locate them approximately
on a number line diagram, and estimate the value of expressionsX®.gror example, by truntiag the dedmal

expansion ofi¢, show that/i¢ is between 1 and 2hen between 1.4 and 1.5, and explain how to continue on to get

better approximations.

Suggested Standards for Mathematical Practice (MP):
V MP.2 Reason abstractly and quantitatively
MP.4Model withmathematics.
MP.7 Look for and make use of structure.
MP.8 Look for and express regularity in repeated reasoning.

< <<

Connections

See [ENEEINEN; Grade 8.G. sEradeigie! 7

Explanations and Exampde

Students locate rational and irrational numbens the number line. Students compare and order rational and irrational
numbers. Additionally, students understand thhetvalue of a square root can bpproximated between integers and
that non-perfect square roots are irrational. Students also recogiihat square roots may be negative and written as

e g

To find an approximation #fic yfirst determine the perfect squares 28 is between, which would be 25 and 36. The

square roots of 25 and 36 are 5 and 6 respectively, so we knowithalis between 5 and 6. Since 28 is closer to 25, an
estimae of the square root would be closer to 5. One method to get an estimate is to divide 3 (the distance between 2!

and 28) by 11 (the distance between the perfect squares of 25 and 36) to get 0.27. The estif@ignoiuld be 5.27
(the actual is 5.29).

Students can approximate square roots by iterative processes.

Examples
Approximate the value dfiu to the nearest hundredth.

Solution

Students start with a rough estimate based upon perfect squafesalls between 2and 3 because 5 falls beter
¢ TWE® w« The value will be closer to 2 than to 3. Students continue the iterative process with the tenths

place valuellu falls between 2.2 and 2.3 because 5 falls betwe@n T& ¢ € L& wThe value isloser to
2.2. Further iteration shows that the value &b is between 2.23 and 2.24 since 2284.9729 and 2.24s 5.0176

Major Supportiry Additional Depth Opportunities(DO)



Compare/ic andVio by estimating their values, plotting them on a number line, and making comparative statements.

V2. V3
LI B B B A B B R B

11.11.21.3141.51.61.71.81.9 2

Solution
Staternrents for the comparison could include:

I is approximately 0.3 less thafo
f W is between the whole numbers 1 and 2
1 WVois between 1.7 and 1.8

Without using your calculator, label approximate locations for the following numbers on the number line.
a. -

-0 1 | l l | | l l | | l l | L
b. ¢(%* = 0 D I I R R N N R I SN I B [ R I
c. W 6 5 4 3 -2 -1 0 1 2 3 4 5 6 7
d. Vp ¥
Solution
a - A& aftA3akdGfte ANBFGSNI GKIYy oo
b. - “ Aa atAaakaGte fSaa GKIYy bmop
c. cWg T Yot ® ofi &Wcis slightly less than 3.
d. Vip ¢ T,soWp Xs slightly greater than 4.

Instructional Strategies:SeeGrade 8.NS.1

Big ideasEvaluate square roots and cube roots of perfect squares/cubes
Approximate square roots of ngpmerfect squares

Resourcesrools
Also see engageNY Modulégtps://www.engageny.org/resource/grad8-mathematics

8.NS Comparing Rational and Irrational Numbers
8.NS Irrational Numbers on the Number Line
8.NS Placing a square root on the number line

Common MisconceptionsSeeGrace 8.NS.1

Major Supportiry Additional Depth Opportunities(DO)


https://www.engageny.org/resource/grade-8-mathematics
https://www.illustrativemathematics.org/illustrations/336
https://www.illustrativemathematics.org/illustrations/337
https://www.illustrativemathematics.org/illustrations/1221

Domain:Expressions and Equations (EE)
Cluster:Work with radicals and integer exponents.

Standard Grade8.EE.1
Know and apply the properties of integer exponents to generate equivalent numerical expredsisrexampleg

) (0] - —.

Suggested Standards for Mathematical Practice (MP):
V MP.2 Reason abstractly and quantitatively.

MP.5.Use appropriate tools strategically.

MP.6 Attend to precision.

MP.7 Look for and make use of structure.

<< <

Connections
This cluster is connected to:
1 This cluster goes beyond the Grade 8 Critical Areas of Focus to adrégsg with irrational numbers, integer
exponents, and scientific notation.
1 This cluster connects to previous understandings of place value, very large and very small numbers.

Explanations and Examples:

Integer (positive and negative) exponents are further used to generate equivalent numerical expressions when
multiplying, dinding or raising a power to a power. Using numerical bases and the laws of exponents, students generat
equivalent expressions.

Examples:

= = =2 =4
|
—
—
|

Select all of the expressions that have a value between 0 and 1.

Aoy Y

B. —

C. - O-

D. —
Solution: A, C, D

Instructional Strategies:

Although students begin using wheteimber exponents in Grades 5 and 6, it is in Grade 8 when students are first
expected to know and use the properties of exponents and to extend the meaning beyond ceuntisbgr exponents.
It is no accident that these expectations are simultaneous, becaishie properties of countingumber exponents
that provide the rationale for the properties of integer exponents. In other wottdslents should not be told these

Major Supportiry Additional Depth Opportunities(DO)



properties but rather should derive them through experience and reason.
For countingnumber exponents (and for nonzero bases), the following properties follow directly from the meaning of

exponents.

w
w

&
&
&

wnpE

@

Students should have experience simplifying numerical expressitimgxponents so that these properties become
natural and obvious. For example,

230257 O HTOMWT MG H8T HT HO T H

(B)*T 6 pYiopii ®di ppi UPGi ppivp 2p 0 [ p

6o0flrT WOPGioTT NG @i TO [fodoToMBTroor o

If studentsreason about these examples with a sense of generality about the numbers, they begin to articulate the
LINR LISNI A Sa o C2NJ SEFYLX Sz aL &4S8SS (KIG o Gg2a A& 0SAY:
together, where the 8 is the sulf 3 and 5, the number of twos in each of the original factors. That would work for a
orasS 20KSNJ GKIy (g2 oFta t2y3 | GKS o6lasSa FNB GKS &l

~

a

Note: When talking about the meaning of an exponential expression, it is easy to say (incorrectlyptheans 3
Ydzft GALX ASR o0& AdGaStT p GAYFaddg oi o.1drlii seeahadhsiERiB\GiiE Ddzly |
Ydzf GALIX AOIF GA2yad {¥SIyaSpdsdM REAONALIABRY (REASd &K SNIDE

Students also need to realize that these siengescriptions work only for countingumber exponents. When extending
GKS YSIyAy3a 2F SELRYySyiGa (2 AyOtdzRS n FyR yS3t irgsS Si
YSFEYy& n oa Ydzt (A LY Zm8dRsHi 2035560KK S NE 2NJ 0KI G do

For example, Property 1 can be used to reason what 30 should be. Consider the following expression and simplificatic
3%3°=3*= P, This computation shows that the whehi8 multiplied by § the result (following Property 1) should be
3% which impies that 3 must be 1.

Properties of Integer Exponest
Fqr any nonzero real numbeas

Because this reasoning holds for any base other than 0, we can reason
a’= 1 for any nonzero numbexr To make a judgment about the meaning
of 34, the approachis similac o o o p. This
computation $iows that 3* should be the reciprocal of'3because their
product is 1. And again, this reasoning holds for any nonzero base. Th

we can reason thai

trééri:d b and integersh andm:

1. a"am=ag™m

2. @)m=a"m
us. a'"= @b)"

4. %=1

5 ® —
er

Putting all of these results together, we now have the properties of integ
exponents, shown in the chart.

Additional

Supportirg

Major

Depth Opportunities(DO)




A supplemental strategy for developing meaning for integer exponents

to make use of patterns, as shown in the chart to the right. Patterns in Exponents

The meanings of 0 and negatirgeger exponents can be furéer explored 5:4 655
in a placevalue chart: 53 125
@ 5° 25
(72} = .
2| 8 S | B 5" 5
o Qo (%) o 5 50 1
Q §S] * » < ES; 2 ,
3 S < 2 S S Q 51 1/5
= <= S s} 2L < = >
3 2 1 0 -1 -2 3 5 1/25
10 10 10 10 10 10 10 53 1125
3 2 4 7 5 6 8 : :

Thus, integer exponents support writing any decimal in expanded form| As the exponent decreases by 1,
the following: the value of the expression is
divided by 5, which is the base.
Continue that pattern to 0 and

.2 . e - e ..El ..Bz ..BS
OHNT ®p ebyHMBMTIHERTACEHVPTE M @ 12 1 53M 1 negative exponents.

Expanded form and the connection to place value is important for helping students make sense of scientific notation,
which allows very large and very small numbers to be written concisely, enablipgeaparison. To develop

familiarity, go back and forth between standard notation and scientific notation for numbers near, for exanipla, 10
10° Compare numbers, where one is given in scientific notation and the other is given in standard ndRaanorld
problems can help students compare quantities and make sense about their relationship.

Provide practical opportunities for students to flexibly move between forms of squaredudedl aumbers. For
example, b wthenVw a. This flewility should be experienced symbolically and verbally.

Opportunities for conceptually understanding irrational numbers should be developed. One way is for students to draw
a square that is one unit by one unit and find the diagonal using the Pythagditeeorem. The diagonal drawn has an
irrational length of/ic. Other irrational lengths can be found using the same strategy by finding diagonal lengths of
rectangles with various side lengths.

Resources/Tools:

For detailed information see Learningogressions for Expressions and Equations:
http://commoncoretools.files.wordpress.com/2011/04/ccss_progression_ee 2011 04 25.pdf

Also see engageNY Modulé#tps://www.engageny.org/resource/grad8-mathematics

8.EE Extending the Definitions of Exponents, Varidtion
8.EE Ants versus humans
8.EE Raising to the zero and negative powers

Major Supportiry Additional Depth Opportunities(DO)


http://commoncoretools.files.wordpress.com/2011/04/ccss_progression_ee_2011_04_25.pdf
https://www.engageny.org/resource/grade-8-mathematics
https://www.illustrativemathematics.org/illustrations/395
https://www.illustrativemathematics.org/illustrations/823
https://www.illustrativemathematics.org/illustrations/1438

Common Misconceptions:

Students may confuse the product of powers property and the power of a power property. 3 equivalent tow or

w ? Students may make the relationship that in scientific notation, when a number contains one nonzero digit and a
positive exponent, that the number of zeros equals the exponent.

This pattern may incorrectly bepplied to scientific notation values with negative values or with more than one nonzero
digit.

Students may confuse the operations for the properties of integer exponents. There is a tendency to memorize rules
rather than internalize the concepts behitite laws of exponents.

Student may incorrectly assume that the value of a number is negative when its exponent is negative.

Major Supportiry Additional Depth Opportunities(DO)



Domain:Expressions and EquatiortEE)
Cluster:Work with radicals and integer exponents.

Standard Grade8.EE.2
Use squareoot and cube root symbols to represent solutions to equations of the férap andx® =p, wherepis a
positive rational number. Evaluate square roots of small perfect squaresudredroots of srall perfect cubes. Know

that ¢ is irrational.

Sugyested Standards for Mathematical Practice (MP):
V MP.2 Reason abstractly and quantitatively.

MP.5.Use appropriate tools strategically.

MP.6 Attend to precision.

MP.7 Look for and make use of structure.

<< <

Connections SedGrade 8.EE.1; Grade 8.G.7; @&s8.G.8

Explanations and Examples:
{GdzRSyia NBO23IyAT S GKIFIG &aljdzZ NAy3 | ydzYoSNI FyR GF{1Ay3
cubing a number and taking the cube rddt are inverse operations.

This understanding is used solve equations containing square or cube numbers. Equations may include rational
numbers sucha® -hw -£ i@ - (Note: Both the numerator and denominators are perfect squares or perfect
cubes.)

Students recognize perfestjuares and cubes, understanding that rmarfect squares and neperfect cubes are
irrational. Students understand that in geometry a square root is the length of the side of a square and a cube root is
the length of the side of a cube. The value obpdquare root and cube root equations must be positive.

Examples
3 =9,40gv9="3

dg.gg. 1 1 %1
¢3+ ¢¥= 27 \27 327 3
2
SolveX” =9
Solution:
x?=9
Jx? =+J9
X="°

Major Supportiry Additional Depth Opportunities(DO)



3
SolveX =8
Solution:

x
w
1
(o]

w
x

W
11

X
I
N

Classify the numbers in the box as perfect squares and perfect cubes. To classify a number, drag it to the appropriate

8

column in the chart. Numbers that are neither perfect squares nor perfect cubes shatubde placed in the chart.

1 64 96

125 200 256 333 361

Perfect Squares
but Not
Perfect Cubes

Both Perfect
Squares and
Perfect Cubes

Perfect Cubes
but Not
Perfect Squares

Solution
Perfect Squares Both Perfect Perfect Cubes
but Not Squares and but Not
Perfect Cubes Perfect Cubes | Perfect Squares
256 1 .
125
E15N G

Use the numbers shown to make the equations true. Each number can be used only once.
To use a number, drag it to the pqpriate box in an equation.

4 8 10 64 100 1,000

\/7 -

Sample Responses
Equatian 1: (64, 8)
Equdion 2: (1000,10)

-

Equation 1: (100,10)
Equation 2: (64,4)

Ashley and Brandon have different methods for finding square roots.

l aKf SeQa aStiK2R
To find the square root of, find a number so that the product of the number and itsel.is
For example, ¥ 2 =4, so the square root of 4 is 2.

NI yR2y Qa aSiK2R
To find the square root of, multiplyx by-. For examplet 3- ¢, so the square root of 4 is 2.

Which studg’ (i Q& Y Boiidéree@®? Exglain why the method you selecteddscorrect.

Sample Response
NI YR2Y Q&

Supportirg

YSGK2R A& y2i O2NNBOGO®
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. N YR2yQa YSOK2R ¢2N] a F2N) GKS &ljda NS NB2G 2F nX 0
but the square root of 36 is 6 since 6 times 6 equals 36. Ashley describes the correct way to find the square root «
a number.

Tools/Resources:
lllustrative mathematics:
Estimating Square Rts
Calculating the Square Root of 2
Placing a Square Root on the Numberline

Common MisconceptionsSeeGrade 8.EE.1

Major Supportiry Additional Depth Opportunities(DO)


http://www.illustrativemathematics.org/illustrations/338
http://www.illustrativemathematics.org/illustrations/764
http://www.illustrativemathematics.org/illustrations/1221

Domain:Expressions and Equations (EE)
Cluster:Work with radicals and integer exponents.

Standard Grade8.EE.3

Use numbers expressed in the form of a single digit times an integer power of 10 to estimate very large oaitery sm
guantities, and to express how many times as much one is than the dtbeexample, estimate the population of the
UnitedStates ao p 1T andthe population of the world ag p 1, and determine that the worldopulation is more
than 20 timesdrger.

Suggested Standards for Mathematical Practice (MP):
V MP.2 Reason abstractly and quantitatively.
V MP.5.Use appropriate tools strategically.
V MP.6 Attend to precision.

ConnectionsSeeGrade 8.EE.1; Grade 8.G.7; Grade 8.G.8

Explanations and Exaptes:

Students express humbers in scientific notation. Students compare and interpret scientific notation quantities in the
context of the situation. If the exponent increases by one, the value increases 10 times. Students understand the
magnitude of he number being expressed in scientific notation and choose an appropriate corresponding-on
exampleg p Ttis equivalent to 30 million, which represents a large quantity. Therefore, this value will affect the unit
chosen.

Examples
The aveage distance fnm Jupiter to the Sun is about p Ttmiles. The average distance from Meno the Sun is
abouty p 1L

The average distance from Jupiter to the Sun is about how many times as great as the average distance from Venus tc
the Sun?

Soltion: Any number between 7 and 7.143 inclusive.

3908 Nyxs an asteroid between Mars and Jupiter. tleépresent the approximate distance fro808 Nyxo the Sun.
The average distance from Venus to the Sun is ajgoup 1. The average distanceom Jupiter to the Sun is about
p Ttmiles.

At a certain time of year, the square distance fr8808 Nyxo the Sun is equal to the product of the average distance
from Venus to the Sun and the average distance from Jupiter to the Sun.
This equatiorcan be used to find the distance fra8808 Nyxo the Sund, at this time of year.

Q X pTT U pTI

Solve the equation fod. Round your answer to the nearest million.

Solution 187,000,000

Major Supportiry Additional Depth Opportunities(DO)



Tools/Resources:

8.EE Ant and Elephant

6.EE,NS,RP; 8.EE,F Pennies to heaven
8.EE Orders of Magnitude

Common MisconceptionsSeeGrade 8.EE.1

Major

Additional

Depth Opportunities(DO)


https://www.illustrativemathematics.org/illustrations/476
https://www.illustrativemathematics.org/illustrations/1291
https://www.illustrativemathematics.org/illustrations/1593

Domain:Expressions and Equations (EE)
Cluster Work with radicals and integer exponents.

Standard Grade8.EE.4

Perform operations with numbers expressed in scientific notation, including problems where both decimal and scientific
notation are used. Use sciéfit notation and choose units of appropriate size for measurements of very large or very
small quantities (e.g., use millimeters per year for seafloor spreading). Interpret scientific notation that has been
generated by technology.

Suggested Standardeif Mathematical Practice (MP):
V MP.2 Reason abstractly and quantitatively
V MP.5 Use appropriate tools strategically.
V MP.6 Attend to precision

Connections SedSrade 8.EE. €]l RXANIS

Explanations and Examples:

Students use laws of exponentsnultiply or divide numbers written in scientific notation. Additionally, students
understand scientific notation as generated on various calculators or other technology.

Students can convert decimal forms to scientific notation and apply rules of erpoto simplify expressions. In
working with calculators or spreadsheets, it is important that students recognize scientific notation. Students should
recognize that theutput of (8 ® ¢ QL& v p ™ WE BOQDR® p 1.

Students enter scientific notation using E or EE (scientific notation), * (multiplication), and ~ (exponent) symbols.

Examples:
This headline appeared in a newspaper.

Every day 7% of Americans eat at Giantburger restaurants

Decide whether this hedithe is true using the following information.
1 There are about 8 10° Giantburger restaurants in America.
f Each restaurant serves on average®2 B people every day.
1 There are about 3 x $#@&mericans.

Explain your reasons and show clearly how you figitredt.

SampleResponse

If there are83 10° Giantburger restaurants in America and each restaurant serves abo#tl®5people every about

day, then about 8 x £(#2.5 x 16=20 x 16= 2 x 10 people eat at a Giantburger restaurant every day.

Since there are about 3 x 8@mericans, the percent of Americans who eat at a Giantburger restaurant every day can be
computed by dividing the number of restaurant patronsthe total number of people

C
¢ pmM O pm = pT

Major Supportiry Additional Depth Opportunities(DO)



Sincee pn - — — — T8 @,0@urestimate is thatp- b of Americans eat a Giantburger restaurant every
day, which is reasonably close to the claim in the newspaper.

A lightyear is a unit of distance. It is the distance that light travels in 1 year. For example, the distance from the North
Star to Earth is about 434 lightears because it takes light about 434 years to travel from the North Star to Earth.

The tabldists five stars in the constellation Cassiopeia and their approximate distances, dyelight from Earth.

Light travels at a speed of 3 x 108 meters per second.
Highlight each star in the table that is between 7 x 1017 meters and 3 x 1018 metarEdirth.

Click the name of a star to highlight it.

Star Distance from Earth in Light Years
Schedar 228.56
Caph 54.46
Tsih 613.08
Ruchbah 99.41
Segin 441.95

Solution: Schedar, Ruchbah
Instructional Strategies:SeeGrade 8.EE.1

Resources/Tools:
See engageNY Moduldgtps://www.engageny.org/resource/grade3-mathematics

8.EE Giantburgers

8.EE Ants versus humans

6.EE,NS,RP; 8.EE,F Pennies to heaven
8.EE Choosing appropriate units

Major Supportiry Additional Depth Opportunities(DO)


https://www.engageny.org/resource/grade-8-mathematics
https://www.illustrativemathematics.org/illustrations/113
https://www.illustrativemathematics.org/illustrations/823
https://www.illustrativemathematics.org/illustrations/1291
https://www.illustrativemathematics.org/illustrations/1981

Domain:Expressions and EquatiortEE)

Cluster:Undestand the connections between proportional relationships, lines, and linear equations.

Graph proportional relationships, interpreting the unit rate as the slope of the graph. Compare two different proportiona
determine which of two moving objects has greater speed.

Suggested Standards for Mathematical Practice (MP):
V MP.1 Make sense of problemsdperseveréen solving them.
MP.2 Reason abstractly and quantitatively
MP.3 Construct viable arguments and critique the reasoning of others.
MP.4 Model with mathematics.
MP.5 Use appropriate tools strategically.
MP.6 Attend to precision
MP.7 Look for and make @®f structure

Connections:Grade 8.2, Grade 8. Eiatesis

This cluster is connected:to
9 Grade 8 Critical Area of Focus #@rmulating and reasoning about expressions and equations, including
modeling an association in bivariate dataith a linear equation, and solving linear equations and systems of
linear equations
9 Ciritical Area of Focus #analyzing twe and threedimensional space and figures using distance, angle,
similarity, and congruence, and understanding and applying tyhagorea Theorem

<< <K<K<K<LK KL

Explanations and Example8.EE.5

Students build on their work with unit rates fronf rade and proportional relationships iff' grade to compare
graphs, tables and equations of proportional relationships. Students identify the unioraséope) in graphs, tables
and equations to compare two or more proportional relationships.

Using graphs of experiences that are familiar to students increases accessibility and supports understanding and
interpretation of proportional relationship. Stedts are expected to both sketch and interpret graphs.

Major Supportirg Additional Depth Opportunities(DO)



Examples:
Compare the scenarios to determine which represents a greater speed. Include a description of each scenario includin
the unit rates in your explanation.

Scenario 1: Scenario 2:
Traveling Time
_. 400
8
T 300 o h
£ _(4,24%/ y =5l
o
€ 200 } e i |
3 xistime in hours
o 100 ’I(
(1,60) . vis distance in miles
12345678
Time (hours)

Three students saved money for four weeks.

Antwan saved the same amount of money each week for 4 weeks. He made this graph to show how much money he

saved.
Money Saved

Total Amount of Money Saved,
in Dollars
o = %] w B wu ()] ~J [es] 0

0 1 2 3 4 5
Week

Carla saved the same amount of money each week for 4 weeks. She made this table to showchanomey she
saved.

Week | Total Amount of
Money Saved
1 $1.75
2 $3.50
3 $5.25
4 $7.00

Major Supportirg Additional Depth Opportunities(DO)



Omar saved the same amount of money each week for 4 weeks. He wrote the equation below to show how much he
saved. In the equatiorgis the total amount of money saved, in dollars, an the number of weeks.
S=2.5v

Identify the student who saved the greatest amount of money each vagkthe student who saved the least amount
of money each week.

Solution
Omar saved the greatest amount. Carla saved the least amount of money.

Instructional Strategies:

This cluster focusasn extending the understanding of ratios and proportions. Unit rates have been explored in Grade 6
as the comparison of two different quantities with the second unit a unit of one, (unit rate). In seventh grade unit rates

were expanded to complex fraotis and percents through solving multistep problems such as: discounts, interest,

taxes, tips, and percent of increase or decrease. Proportional relationships were applied in scale drawings, and studen
should have developed an informal understanding tifw steepness of the graph is the slope or unit rate. Now unit

rates are addressed formally in graphical representations, algebraic equations, and geometry through similar triangles.

Distance time problems are notorious in mathematics. In this clustey, serve the purpose of illustrating how the
rates of two objects can be represented, analyzed and described in different ways: graphically and algebraically.
Emphasize the creation of representative graphs and the meaning of various points. Themectresame

information when represented in an equation. By using coordinate grids and various sets of three similar triangles,
students can prove that the slopes of the corresponding sides are equal, thus making the unit rate of change equal.
After proving with multiple sets of triangles, students can be led to generalize the slope taxyor a line through the
origin andy =mx+ b for a line through the vertical axis bt

Resources/Tools:
Also see engageNY Modulégtps://www.engageny.org/resource/grad8-mathematics

8.EE Find the Change

8.EE Equations of Lines

8.EE DVD Profits, Variation 1

8.EE Proportional relationships, lines, dingar equations
8.EE Stuffing Envelopes

8.EE Folding a Square into Thirds

8.EE Coffee by the Pound

8.EE Peaches and Plums

8.EE Who Habe Best Job?

8.EE Comparing Speeds in Graphs and Equations
8.EE Sore Throats, Variation 2

8.EE Stuffing Envelopes

Major Supportiry Additional Depth Opportunities(DO)


https://www.engageny.org/resource/grade-8-mathematics
https://www.illustrativemathematics.org/illustrations/471
https://www.illustrativemathematics.org/illustrations/352
https://www.illustrativemathematics.org/illustrations/136
https://www.illustrativemathematics.org/illustrations/1479
https://www.illustrativemathematics.org/illustrations/1552
https://www.illustrativemathematics.org/illustrations/1571
https://www.illustrativemathematics.org/illustrations/129
https://www.illustrativemathematics.org/illustrations/55
https://www.illustrativemathematics.org/illustrations/184
https://www.illustrativemathematics.org/illustrations/57
https://www.illustrativemathematics.org/illustrations/86
https://www.illustrativemathematics.org/illustrations/1552

Domain:Expressions and Equations (EE)

Cluster: Understand the connections between proportional relationships, lines, and linear equations.

Standard Grade8.EE.6
Usesimilar triangles to explain why the slopeis the same between any two distinct points on a namtical line in the
coordinate plane; derive the equatior= mxfor a line through the origin and the equatigr= mx+ b for a line

intercepting the verttal axis ab.

Suggested Standards for Mathematical Practice (MP): -
V MP.1Solve problems and persevere in solving them. ;

MP.2 Reason abstractly and quantitatively. ]

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

MP.4 Model with mathmatics

MP.5 Use appropriate tools strategically.

MP.6 Attend to precision

MP.7 Look for and make use of structure.

MP.8 Look for and express regularity in repeated reasoning.

Connections ~ SedSrade 8.EESGrade 8.F|3Grade 8.6 SiatiesiEE::

<K<K <K<K KL

Explanations and Examples:

Triangles are similar when there is a constant rate of proportion between them. Using a graph, stuchestrigct
triangles between two points on a line and compare the sides to understand that the slope (ratiotofrtisg is the
same between any two points on a line.

The triangle between A and B has a vertical height of 2

and a horizontal length of 3. The triangle between B and C

has a vertical height of @nd a horizontal length of 6.

The simplified ratio othe vertical height to the horizontal length

of both triangles is 2 to 3, which also represents a slopésfufr the line.

A

Students write equations in the forjn=mxfor lines going through the origin, recognizing thatepresents the slope of
the line. Students write equations in the foryr= mx+ b for lines not passing through the origin, recognizing that m
represents the slope and b represents fetercept.

Major Supportirg Additional Depth Opportunities(DO)



Examples:

Explain whyPACB s similar toPPFE | and deduce tha®B has the same slope &E .

Express each line as an equation.
E
Zﬂ
o F

A c

aNX» t SNNEQa addzRSyida dzaSR LI ANR 2F LRAyda (G2 FAYR (K
points listed in this table to find the slope of a line.

X y
18
20 | 45

| GSNE & ARZ & ¢ K Be slbpe & fo 8ividg by & 1 TBeslapeof thidiligfefs—ofi- &

Part A
Show another way to find the slope of the line that passes through the points listed in the table. Your way must be
RAFFSNBYy(d GKIYy ! GSNEQa gl o

Part B
Write anexamplethai K2 6 & G K (0 yog@ NBrGd KERA GRRSE y2i aadimd] (2 FAYR

Sample Response

Part A:
m = Y2 =Y
X; =X
45-18 27 9

Part B:
If Mr. Perry asked the class to find the slope of the line through (1, 1) and (2, 3), you can

3—=1 2

find the actual slope by using the formula and get Tt The 2, but Avery’s method will

not work because she would either say the slope is % =1 or % =1.5.

Instructional Strategies:SeeGrade8.EE.5

Major Supportirg Additional Depth Opportunities(DO)



Resources/Tools:
Also see engageNY Modulégips://www.engageny.org/resource/grad8-mathematics

8.EE Slopes Between Points on a Line

Major Supportirg Additional Depth Opportunities(DO)


https://www.engageny.org/resource/grade-8-mathematics
https://www.illustrativemathematics.org/illustrations/1537

Domain:Expressions and Equations (EE)

a. Give examples of linear equations in one variable with one solution, infinitely many solutions, or no solutions.
Show which of thee possibilities is the case by successively transforming the given equation into simpler forms,
until an equivalent equation of the form x = a, a = a, or a = b results (where a and b are different numbers).

Suggested Standards for Mathematical Practice (MP):
V MP.2 Reason abstractly and quantitatively.

MP.5 Use appropriate tis strategically.

MP.6 Attend to precision.

MP.7 Look for and make use of structure.

Connections Grade 8.F.JSEE RIS

This cluster is connected to:
1 — #Formulating and reasoning about expressions and equasipimcluding
modeling an association in bivariate data with a linear equation, and solving linear equations and systems of
linear equations.
9 This cluster also builds upon the understandings in Grades 6 and 7 of Expressions and Equations, Ratios and
Propotional Relationships, and utilizes the skills developed in the previous grade in The Number System.

< < <

Explanations and Examples:

Students solve ongariable equations with the variables being on both sides of the equals sign. Students recognize tha
the sdution to the equation is the value(s) of the variable, which make a true equality when substituted back into the
equation. Equations shall include rational numbers, distributive property and combining like terms.

Equations have one solution when the iadales do not cancel out. For examplext®3 = 29 3x can be solved ta =
4. This means that when the valuexa$ 4, both sides will be equal. If each side of the equation were treated as a
linear equation and graphed, the solution of the equatiepresents the coordinates of the point where the two lines
would intersect. In this example, the ordered pair would4el7):
P CO0 CwWwaoX
TMCOo wpPgq
pPX PX

Equations having no solution have variables that will cancel out and constants that are not equal. This means that ther
is not a value that can be substituted fothat will make the sides equal. For example, the equatio+ 7¢ 6x = 19¢ 7x,

can be simplified te7x+ 7 = 1q; 7x. If 7xis added to each side, the resulting equation is 7 = 19, which is not true. No
matter what value is substituted forthe final result will be 7 = 19. If each side of the equation viezated as a linear
equation and graphed, the lines would be parallel.

Major Supportirg Additional Depth Opportunities(DO)



An equation with infinitely many solutions occurs when both sides of the equation are the same. Any value of x will
produce a valid equation. Fexample the following equation, whesimplified will give the same values on both sides.

p . o .
- o O T T W

G
PP o o pi
If each side of the equation were treated as a linear equation and graphed, the graph would be the same line.

As students transform linear equationsdne variable into simpler forms, they discover the equations can have one
solution, infinitely many solutions, or no solutions.

When the equation has one solution, the variable has one value that makes the equation true a/#162The only
value fory that makes this equation true §.

When the equation has infinitely many solutions, the equation is true for all real numbers as in

7x+ 14 = 7X+2). As this equation is simplified, the variable terms cancel leaving 14 = 14 or 0 = 0. Sinpeetsoas

are equivalent, the value for the two sides of the equation will be the same regardless which real number is used for th
substitution.

Examples

Solve for x;
-3(x+7)=4
3x-8=4x-8

3(x+1)-5=3x- 2

Solve:
7(m-3)=7
1 2 31
—-zYy=—-ZYy
4 3 4 3

Major Supportiry Additional Depth Opportunities(DO)



For each linear equation in this table, indicate whether the equmlias no solution, one solution, or infinitely many
solutions.

Infinitely
s No One
Equation ) s Many
Solution | Solution Solutions
7x+ 21 =21

12x + 15 = 12x - 15

-5x-25=5x+ 25

Solution:
1. One solution. This is designed to be an easy equation to solve to help students enter the problem. Answering
this question correctly demonstrates minimal understanding.
2. No ®lution. Students may think there is no difference between adding 15 on thédeftl side and subtracting
15 on the righthand side.
3. One solution. Students may think there are infinitely many solutions because tHealedt side is the negative
of the richt-hand side.

Three students solved the equation 8&14) = 18 in different ways, but each student arrived at the correct answer.
Select all of the solutions that show a correct method for solving the equation.

A 3(5x-14)=18 Sample Response
' 8x—-14= 18 A. Thissolution isthe simples to follow, but the method is
+14 +14 incorred.
8x 32 L I .
B8 B. Although the method in thissdutioniscorred, it isnot the
x=4 most commonly used method for saving equationslikethis,
1 3(5x_14)=18.1 so studentsmaythinkit isincorred.
B. 2 3 o - .
5x-14= 6 C. Although the method in thissdution iscorred, it isnot the
+14 +14 most commonly used method for sdving equationslikethis,
5y 20 so studentsmaythinkit isincorred.
5 5
x=4
3(5x-14)=18
5x_4_ 18
15 15 15
L4242
15 15
_60
15
x=4

Major Supportiry Additional Depth Opportunities(DO)



Consider the equation 3¢+ 5) =ax+b

Part A

Find one value foa and one value fob so that there is exactly one valuexthat makes the equation true. Explain
your reasoning.

Part B
Find one value foa and one value fob so that there are infiitely many values of that make the equation true.
Explain your reasoning.

Sample Response:
Part A
a=5;b=16 When you substitute these numbers indandb, you get a solution of x = 1.

Part B
a=6;b = 15; When you substitute these nbers in fora andb, you get a solution of 0 = 0, so there are infinitely many
solutions, not just one.

Instructional Strategies:
In Grade 6, students applied the properties of operations to generate equivalent expressions, and identified when two
expressions are equivalent. This cluster extends understanding to the process of solving equations and to their solution
building on the fact that solutions maintain equality, and that equations may have only one solution, many solutions, or
no solution at dl Equations with many solutions may be as simple as

o oddo® vV ® ¢ ® ® o ive T
where both sides of the equation are equivalent once each side is simplified.

Table 3n the Appendix(pg.97)generalizes the properties of operations andwaer as a reminder for teachers of what
these properties are. Eighth graders should be able to describe these relationships with real numbers and justify their
reasoning using words and not necessarily with the algebraic language of Table 3. In otlesiuoients should be

able to state that 36) = ¢(5)3 because multiplication is commutative and it can be performed in any order (it is
commutative), or that 9(8) + 9(2) = 9(8 + 2) because the distributive property allows us to distribute multipligation o
addition, or determine products and add them. Grade 8 is the beginning of using the generalized properties of
operations, but this is not something on which students should be assessed.

Pairing contextual situations with equation solving allows stisiém connect mathematical analysis with rdidd

events. Students should experience analyzing and representing contextual situations with equations, identify whether
there is one, none, or many solutions, and then solve to prove conjectures aboutlthi®mss. Through multiple
opportunities to analyze and solve equations, students should be able to estimate the number of solutions and possible
values(s) of solutions prior to solving. Rich problems, such as computing the number of tiles neededidorgat a

around a rectangular space or solving proportional problems as in doubling recipes, help ground the abstract symbolist
to life.

Experiences should move through the stages of concrete, conceptual and algebraic/abstract. Utilize experiences with
the pan balance model as a visual tool for maintaining equality (balance) first with simple numbers, then with pictures
symbolizing relationships, and finally with rational numbers allows understanding to develop as the complexity of the

Major Supportiry Additional Depth Opportunities(DO)



problems increasesEquationsolving in Grade 8 should involve multistep problems that require the use of the
distributive property, collecting like terms, and variables on both sides of the equation.

This cluster builds on the informal understanding of slope fromlgrapunit rates in Grade 6 amptaphing proportional
relationships in Grade 7 with a stronger, more formal understanding of slope. It extends solving equations to
understanding solving systems of equations, or a set of two or more linear equations thaincone or both of the

same two variables. Once again the focus is on a solution to the system. Most student experiences should be with
numerical and graphical representations of solutions. Beginning work should involve systems of equations witlssolutio
that are ordered pairs of integers, making it easier to locate the point of intersection, simplify the computation and hone
in on finding a solution. More complex systems can be investigated and solve by using graphing technology.

Contextual situatias relevant to eighth graders will add meaning to the solution to a system of equations. Students
should explore many problems for which they must write and graph pairs of equations leading to the generalization tha
finding one point of intersection is éhsingle solution to the system of equations. Provide opportunities for students to
connect the solutions to an equation of a line, or solution to a system of equations, by graphing, using a table and
writing an equation.

Instructional Strategies continug:
Students should receive opportunities to compare equations and systems of equations, investigate using graphing
calculators or graphing utilities, explain differences verbally and in writing, and use models such as equation balances.

Problemssucha§,5 SGSNXYAYS G(G(KS ydzYoSNI 2F Y2@0ASa R2gyf2FRSR Ay
the same, when Site A charges $6 per month and $1.25 for each movie and Site B charges $2 for each movie and no
Y2yGKfe FSS¢o

Students write the equationgtting y = the total charge and = the number of movies.
Site Ay=1.2%+ 6 Site By = X

Students graph the solutions for each of the equations by finding ordered pairs that are solutions and representing ther
in a tchart. Discussion should encpass the realization that the intersection is an ordered pair that satisfies both
equations. And finally students should relate the solution to the context of the problem, commenting on the practicality
of their solution.

Problems should be structured #lmat students also experience equations that represent parallel lines and equations
that are equivalent. This will help them to begin to understand the relationships between different pairs of equations:
When the slope of the two lines is the same, gwations are either different equations representing the same line
(thus resulting in many solutions), or the equations are different equations representing two not intersecting, parallel,
lines that do not have common solutions.

Systemsolving in Grad8& should include estimating solutions graphically, solving using substitution, and solving using
elimination. Students again should gain experience by developing conceptual skills using models that develop into

abstract skills of formal solving of equat®n

Provide opportunities for students to change forms of equations (from a given form to-staeecept form) in order to

Major Supportiry Additional Depth Opportunities(DO)



compare equations.

Resources/Tools:
See engageNY Moduldgtps://www.engageny.org/resource/grad8-mathematics

8.EE Two Lines

8.EE The Sign of Solutions

8.EE Coupon versus discount

8.EE Solving Equations

8.EE Sammy's Chipmunk and Squirrel Observations

Common Misconceptions:
Students think that only the letters x and y can be used for variables. Students think that you always need a variable =
constant as a solution. The variable is alwayshereft side of the equation.

Equations are not always in the slope intercept foygmx+b. Students confuse oreariable and twevariable
equations.

Major Supportiry Additional Depth Opportunities(DO)


https://www.engageny.org/resource/grade-8-mathematics
https://www.illustrativemathematics.org/illustrations/553
https://www.illustrativemathematics.org/illustrations/550
https://www.illustrativemathematics.org/illustrations/583
https://www.illustrativemathematics.org/illustrations/392
https://www.illustrativemathematics.org/illustrations/999

Domain:Expressions and EquatiortEE)

Standard: Grad@®.EE.8

Analyze and solve pairs of simultaneous linear equations.

a. Understand that solutions to a system of two linear equations in two variables correspond to poins of
intersection otheir graphs, because points of intersection satisfy both equations simultaneously.

b. Solve systems of two linear equations in two variables algebraically, and estimate solutions by graphing the
equations. Solve simple cases by inspection. For excom ¢ v @& @ ¢d @have no solution
becauseat>  ¢@ cannot simultaneously be 5 and 6.

c. Solve realvorld and mathematical problems leading to two linear equations in two variables.

For example, given coordinates for two pairs of points, determinther the line through the first pair of points
intersects the line through the second pair.

Suggested Standards for Mathematical Practice (MP):

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

MP.2 Reason abstractly and quantitatively

MP.3 Castruct viable arguments and critique the reasoning of others.
MP.4 Model with mathematics.

MP.5 Use appropriate tools strategically.

MP.6 Attend to precision.

MP.7 Look for and make use of structure.

MP.8 Look for and express regularity in repeateasmning.

Connections SecCIGUCIGIEE. 7

<

<K<K <K<K KL

Explanations and Examples:
Systems of linear equations can also have one solution, infinitely many solutions or no solutions. Students will discove
these cases as they graph systems of linear equations dwel sem algebraically.

Systems of linear equations can also have one solution, infinitely many solutions or no solutions. Students will discove
these cases as they graph systems of linear equations and solve them algebraically.

By making connectionsebnveen algebraic and graphical solutions and the context of the system of linear equations,
students are able to make sense of their solutions. Students need opportunities to work with equations and context
that include whole number and/or decimals/fraotis.

Examples:

Findx andy using elimination and then using substitution.
ow Tw X
Cw W pTt

Supportiry Additional Depth Opportunities(DO)



Plant A and Plant B are on different watering schedules. This affects their rate of growth. Compare the growth of the
two plants to determine when their heights will be the same.

LetW = number of weeks
LetH= height of the plahafter W weeks

Plant A Plant B
W | H W | H
0 |4 (0,4) 0|2 |(0,2
1|6 (1,6) 1 (6 [(1,6)
2 |8 (2,8) 2 110 (2,10)
3 |10 | (3,10) 3 |14 (3,14)

Given each set of coordinates, graph their corresponding lines.

Solution 16

14
E-.lE
—10

height
o @

[J

05T 2 3 4
Weeks (w)

Write an equation that represdrhe growth rate of Plant A and Plant B.
Solution

PlantA™O cw T

PlantB™O tw ¢

At which week will the plants have the same height?

Solution
The plants have the same height after one week.
Plant A Plant B
O cw T O 1w ¢
O ¢p T O 1p T
0O 9 0O 9

After one week, the height of Plant A and PIBraire both 6 inches.

Major Supportiry Additional Depth Opportunities(DO)



The graphs of lina and lineb are shown on this coordinate grid.
y

b 8 a

Match each line with its equation. Click on an equation and then drag it to the corresponding box for each line.

The equation of linais y=-2x+3 y=2x+3 y=3x-2

. ; ; ——lx+3 ——lx—Z
The equation blinebis ¥ =5 ="y

Solution The equation of linaisyl  +i8.
The equation of lindisy = Xb 2.

Lineais shown on the coordinate grid. Construct llmen the coordinate grid so that
1 lineaand lineb represent a system of linear equations with a solution of;,gJ,
9 the slope ofihe bis greater thargl and less than 0
9 the y-intercept of lineb is positive
Sample Response

y

81\ 5

6 8

4 6

2 Lo

=8 6 -4 |-2 2 4 6 i \ :

-2 -8 =6 -4 -2 2 6
=2

o 5

- +

_g| /@ -g| /2

Major Supportiry Additional Depth Opportunities(DO)



Instructional Strategies:

This cluster builds on the informal understanding of slope from graphing unit rates in Gradey@phohg proportional
relationships in Grade 7 with a stronger, more formal understanding of slope. It extends solving equations to
understanding solving systems of equations, or a set of two or more linear equations that contain one or both of the
same two variables. Once agé#e focus is on a solution to the system. Most student experiences should be with
numerical and graphical representations of solutions. Beginning work should involve systems of equations with solutior
that are ordered pairs of integers, making it easeelocate the point of intersection, simplify the computation and hone

in on finding a solution. More complex systems can be investigated and solve by using graphing technology.

Contextual situations relevant to eighth graders will add meaning to theisalto a system of equations. Students

should explore many problems for which they must write and graph pairs of equations leading to the generalization tha
finding one point of intersection is the single solution to the system of equations. Proviadetopjpies for students to
connect the solutions to an equation of a line, or solution to a system of equations, by graphing, using a table and
writing an equation.

Students should receive opportunities to compare equations and systems of equationsigateessing graphing
calculators or graphing utilities, explain differences verbally and in writing, and use models such as equation balances.

t NEofSyYa &4dzOK 43X a5SUSNNAYS (GKS ydzYoSNI 2F Y2 Q0A 818 R2¢
the same, when Site A charges $6 per month and $1.25 for each movigaBicBarges $2 for each movie and no
Y2yikKfte FSSo
Students write the equations letting= the total charge ang = the number of movies.

Site Ay=1.2%+ 6 Site By = X

Students graph the solutions for each of the equations by finding ordea@d that are solutions and representing them
in a tchart. Discussion should encompass the realization that the intersection is an ordered pair that satisfies both
equations. And finally students should relate the solution to the context of the progliiemmenting on the practicality
of their solution.

Problems should be structured so that students also experience equations that represent parallel lines and equations
that are equivalent. This will help them to begin to understand the relationshipsdmzt different pairs of equations:
When the slope of the two lines is the same, the equations are either different equations representing the same line
(thus resulting in many solutions), or the equations are different equations representing two nadotierg, parallel,

lines that do not have common solutions.

Systemsolving in Grade 8 should include estimating solutions graphically, solving using substitution, and solving using
elimination. Students again should gain experience by developing cond¢ailis using models that develop into

abstract skills of formal solving of equations.

Provide opportunities for students to change forms of equations (from a given form to-$taeecept form) in order to
compare equations.

Major Supportiry Additional Depth Opportunities(DO)



Resources/Tools:

8.EE How Many Solutions?

8.EE Fixing the Furnace

8.EE Cell Phone Plans

8.EE Kimi and Jordan

8.EE Folding a Square into Thirds
8.EE The Intersection of Two Lines
8.EE Quinoa Pasta 1

8.EE Summer Swimming

G/ 1N Q& /I yRfS&a YR 5+5Q04¢3 DS2NHAI S5SLINIYSYid 2F 9R
Students are given two tasks; both require writing two equationssotding the resulting system of equations.

Also see engageNY Modulégtps://www.engageny.org/resource/grad8-mathematics

Common MisconceptionsSeeGrade 8.EE.7

Major Supportiry Additional Depth Opportunities(DO)


https://www.illustrativemathematics.org/illustrations/554
https://www.illustrativemathematics.org/illustrations/472
https://www.illustrativemathematics.org/illustrations/469
https://www.illustrativemathematics.org/illustrations/73
https://www.illustrativemathematics.org/illustrations/1571
https://www.illustrativemathematics.org/illustrations/1364
https://www.illustrativemathematics.org/illustrations/934
https://www.illustrativemathematics.org/illustrations/1362
http://gadoe.georgiastandards.org/mathframework.aspx?PageReq=MathClub#gps46
https://www.engageny.org/resource/grade-8-mathematics

Domain:Fundions (F)
Cluster: Define, evaluate, and compare functions.

Standard Grade8.F.1
Understand that a function is a rule that assigns to each input exactly one output. The graph of a function is the set of
ordered pairs consisting of an input and tb@rresponding output. (Function notation is not required in Grade 8.)

Suggested Standards for Mathematical Practice (MP):
V MP.1Solve problems and persevere in solving them.
MP.2 Reason abstractly and quantitatively.
MP.3 Construct viable arguments andtique the reasoning of others.
MP.4 Model with mathematics
MP.5 Use appropriate tools strategically.
MP.6 Attend to precision
MP.7 Look for and make use of structure.
MP.8 Look for and express regularity in repeated reasoning.

<K<K KKK KL

Connections
This Cluster is connected:to
1 Grade 8 Critical Area of Focus #zrasping the concept of a function and using functions to describe
quantitative relationships.
1 Expressions and Equations: Linear equations in two variables can be used to defineitiogans, and
students can use graphs of functions to reason toward solutions to linear equations.
1 Geometry: Similar triangles are used to show that the slope of a line is constant. Statistics and Probability:
Bivariate data can often be modeled byraehkr function.

Explanations and Examples:
Students distinguish between functions and Flonctions, using equations, graphs, and tables. Nanctions occur
when there is more than ongvalue is associated with amyalue.

For example, the rulenaat takesx as input and give® u® T as output is a function. Using y to stand for the output
we can represent this function with the equation @ vw T, and the graph of the equation is the graph of the
function. Students are not yet expectede function notation such 8w w uvw T.

Examples:
Fill in eachx-value andy-value in the table below to create a relation thahist a function.

Sample Response
X y X y

BB D
Al W|N|FR|O
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PointAis plotted on tle xy-coordinate plane below. You must determine the location of p@igiven the following
criteria:
1 PointChas integer coordinates.

1 The graph of lineg Bisnot a function.

Place a point on thgy-coordinate plane that could represent poi@t

3
A
4 Sample Response
‘A (3,5),(33,4),(3,3),®0 X 06060
60X bo0v X 060X bNnu X 2
=4 -2 2 147"
=2
_4V

Instructional Strategies:

In grade 6, students plotted points in all four quadrants of the coordinate plane. They also represented and analyzed
guantitative relationships between dependent and independent variables. In Grade 7, students debatbdr two
guantities are in a proportional relationship. In Grade 8, students begin to call relationships functions when each input
is assigned to exactly one output. Also, in Grade 8, students learn that proportional relationships are part déa broa
group of linear functions, and they are able to identify whether a relationship is linear. Nonlinear functions are included
for comparison. Later, in high school, students use function notation and are able to identify types of nonlinear
functions.

To determine whether a relationship is a function, students should be expecteson from a contexta graph, or a

table, after first being clear which quantity is considered the input and which is the output. When a relationship is not a
function,stRSy (14 &K2dzZ R LINRBRdzOS | O2dzy i SNBEI YLX SY |y &Ay Lz
relationship is a function, the students should explain how they verified that for each input there was exactly one

2 dzi LJdz( ® ¢ KS & @ Sheavbided hecatise (1)3t is fio8 éadydo apply @itiutRhinking, (2) students do

not need an efficient strategy at this point, and (3) it creates misconceptions for later mathematics, when it is useful to
think of functions more broadly, such as whethkanight be a function of.

GCdzy OliA2Yy YI OKAYSé LIAOGIZINBE I NB dzaSTdzZA F2NJ KStLAYy3I al
machine by which the output value is determined from the input.

Notice that the standards explicitly call fox@oring functions numerically, graphically, verbally, and algebraically
(symboli¢ £ t 8> gAGK fSHGGSNBRO® ¢tKAa Aa a2YSGAYSa OFfttSR (f
need experiences translating among these. In Grade 8, the focus is on linear functions, and students begin to recogni:
a linear functiorfrom its formy=mx+b. Students also need experiences with nonlinear functions, including functions
IAPSY o6& AN LKaz GrFroftSaz 2N gSNbIFE RSAONRLIIA2ya o dzi
function of her age.

In the elementary grades, students explore number and shape patterns (sequences), and they use rules for finding the
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next term in the sequence. At this point, students describe sequences both by rules relating one term to the next and
also by rules for findigpthenth term directly. (In high school, students will call these recursive and explicit formulas.)
Students express rules in both words and in symbols. Instruction should focus on additive and multiplicative sequences
as well as sequences of square @uthic numbers, considered as areas and volumes of cubes, respectively.

When plotting points and drawing graphs, students should develop the habit of determining, based upon the context,
GKSGKSNI AG A& NBFrazylroftsS (2 coexsytledputsinm @scrite@ and éonnoying (i K
the dots can be misleading. For example, if a function is used to model the height of a stg@epef cups, it does not

make sense to have 2.3 cups, and thus there will be no ordered pairs betwe2mndn = 3.

Provide multiple opportunities to examine the graphs of linear functions and use graphing calculators or computer
software to analyze or compare at least two functions at the same time. lllustrate with a slope triangle where the run is
"1" that slope is the "unit rate of change." Compare this in order to compare two different situations and identify which
is increasing/decreasing as a faster rate.

Students can compute the area and perimeter of differsize squares and identify that onda#onship is linear while
the other is not by either looking at a table of value or a graph in which the side length is the independent variable
(input) and the area or perimeter is the dependent variable (output).

Resources/Tools:
For detailed informatin see Learning Progressions Functions:
http://commoncoretools.me/wpcontent/uploads/2013/07/ccss_progression_functions 2013 07_02.pdf

Also seeengageNY Modulesitps://www.engageny.org/resource/grad8-mathematics

FIF The Customers

8.F Foxes and Rabbits

8.F US Garbage, Version 1
6.EE,NS,RP; 8.EE,F Pennies to heaven
8.F Function Rules

8.F Introducing Functions

Common Misconceptions:
Some students will mistakenly think of a straight line as horizontal or vertical only.

{GdzRSy (& YIe Yraadl(Syte oStAS@S GKFG F at2L 2F 1 SN
of zero) with a vertical line (undefined skp

] 2y Fdzas GKS YSIyAy3d 2F aR2YFAYéE FyR aNIFy3ISE 2F | Fdzy«

Some students will mix up andy-axes on the coordinate plane, or mix up the ordered pairs. When emphasizing that
the first value is plotted on the horizontal axes (usua]lyith positive to the right) and the second is the vertical axis
(usually called, with positive up), point out that this is merely a convention: It could have been otherwise, but it is very
useful for people to agree on a standard customary practice.
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http://commoncoretools.me/wp-content/uploads/2013/07/ccss_progression_functions_2013_07_02.pdf
https://www.engageny.org/resource/grade-8-mathematics
https://www.illustrativemathematics.org/illustrations/624
https://www.illustrativemathematics.org/illustrations/713
https://www.illustrativemathematics.org/illustrations/1165
https://www.illustrativemathematics.org/illustrations/1291
https://www.illustrativemathematics.org/illustrations/715
https://www.illustrativemathematics.org/illustrations/1928

Domain:Functiors (F)

Cluster: Define, evaluate, and compare functions.

Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in
tables, or by verbal descriptions). For example, givmear function represented by a table of values and a linear
function represented by an algebraic expression, determine which function has the greater rate of change.

Suggested Standards for Mathematical Practice (MP):

Vv

<K<K <K<K KL

MP.1 Solve problems and persegén solving them.

MP.2 Reason abstractly and quantitatively.

MP.3 Construct viable arguments and critique the reasoning of others.
MP.4 Model with mathematics

MP.5 Use appropriate tools strategically.

MP.6 Attend to precision

MP.7 Look foend make use of structure.

MP.8 Look for and express regularity in repeated reasoning.

Connections  SedSrade 8.1 GRAUEISIEE 5

Explanations and Examples:
Students compare functions from different representations.

For example, compare thelfowing functions to determine whichas the greater rate of change:

Function 1:®0 co T

Function 2: (table)

X y
1 -6
0 3
2 3

Supportiry Additional Depth Opportunities(DO)



Examples:
Compare the two linear functions listed below and determine which equation represents a greater rate of change.

Function 1: Function 2: The function whose inputand outputy
are elated by: 0 ow X
Au13
1
7
5
9
< 1 >
-543-1]1 3 5
Y

Compare the two linear functions listed below and determine which has a negative slope.

Function 1: Gift Card
Samantha starts with $20 on a gift card for the book store. She spends $3.50 per week to buy a magazine. Lety be tt
amount remaining as a function of the number of weeks,

X y
0 20
1 16.50
2 13.00
3 9.50
4 6.00

Function 2:
The school bookstore rents graphing calculators for $5 per month. It also collectsrefandable fee of $10.00 for the
school year.Write the rule for the total costd) of renting a calculator as a function of the number of month} (

Solution

Function lis an example of a function whose graph has negative slope. Samantha starts with $20 and spends money
each week. The amount ofaney left on the gift card decreases each we&ke graph has a negative slope®b,

GKAOK Aa (GKS lY2dzyd GKS 3IAFE OFNR olftlyOS RSONBlFasSa

Function Zis an example of a function whose graph has positive siBpalents pay a yearly nonrefundable fee for
renting the calculator and pay $5 for each month they rent the calculabrs function has a positive slope of 5 which is
the amount of the monthly rental fee. An equation for Function 2 could$&m + 10.

Instructional Strategies:SeeGrade 8.F.1

Resources/Tools:
8.F Battery Charging

Common MisconceptionsSeeGrade 8.F.1
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https://www.illustrativemathematics.org/illustrations/641

Domain:Functions (F)
Cluster: Define, evaluate, and cqmare functions.

Standard Grade8.F.3

Interpret the equationy =mx+b as defining a linear function, whose graph is a straight line; give examples of functions
that are not linear.For example, the function A £giving the area of a square adunction of its side length is not

linear because its graph contains the points (1,1), (2,4) and (3,9), which are not on a straight line.

Suggested Standards for Mathematical Practice (MP):
V MP.2 Reason abstractly and quantitatively.
MP.3 Construct viablarguments and critique the reasoning of others.
MP.4 Model with mathematics
MP.5 Use appropriate tools strategically.
MP.6 Attend to precision
MP.7 Look for and make use of structure.

Connections SedGrade 8.F.1Grade 8.EE;5Crade8.EE7 CIatCISIEE ; SCIaUCIGIEE . 7

<K<K L

Explanations and Examples:
Students use equations, graphs and tables to categorize functions as linear-imeam Students recognize that points
on a straight line will have the same rate of change between anyofwe points.

Examples:
Determine which of the functions listed below are linear and which are not linear and explain your reasoning.
1 y=-2x2+3 non linear
1T y=% linear
9 Al ~ N&H non linear
1 y=0.25+0.%¢2) linear

Samir was assigned to write an example of a linear functional relationship. He wrote this example for the assignment.
The relationship between the year and the population of a county when the populativeases by 10% each year
Part A

Complete the table below to create an example of the population of a certain county that is increasing by 10% each
year.

Population of a

Year Certain County

BlWl M= O
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Part B
{01 GS 6KSGKSNI { I YANR& SEI YL S NBLINB A& Sagdniag. | £ Ay S| NI Fdz

Sample Response

Part A

Year | Population of aCertain County

100,000
110,000
121,000
133,100
146,410

AWINF|O

Part B
{IYANRE SEIFIYLXS A& y20 | tAYySIEN FdzyOiliazylt NBtlIGA2yal
so the relationship is not linear.

Instructional Strategies:SeeGrade 8.F.1

Resources/Tools:
Also see engageNY Modulégtps://www.engageny.org/resource/grad8-mathematics

8.F Introduction to Linear Functions

Common MisconceptionsSeeGrade 8.F.1
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https://www.engageny.org/resource/grade-8-mathematics
https://www.illustrativemathematics.org/illustrations/813

Domain:Functions(F)
Cluster Use functions to model relationships between quantities.

Standard Grade 8.F.4

Construct a function to model a linear relationship between two quantities. Determine the rate of change and initial
value of the function from a description of a relationship or from two/) values, including reading these from a table

or from a graph. Interpret the rate of change and initial value of a linear function in terms of the situation it models, and
in terms of its graph or a table of values.

Suggested Standards for Mathematical Practice (MP):
V MP.1 Solve problems and persevearmesplving them.
MP.2 Reason abstractly and quantitatively.
MP.3 Construct viable arguments and critique the reasoning of others.
MP.4 Model with mathematics
MP.5 Use appropriate tools strategically.
MP.6 Attend to precision
MP.7 Look for athmake use of structure.
MP.8 Look for and express regularity in repeated reasoning.

SN Grade 8.SP¥Grade 8.SPRe = il- = =Y

<K<K KKK KL

This Cluster is connected:to
1 Grade 8 Critical Area of Focus #zrasping the concept of a function and usingfttions to describe
guantitative relationships.
9 Expressions and Equations: Linear equations in two variables can be used to define linear functions, and
students can use graphs of functions to reason toward solutions to linear equations.
1 Geometry: Sinhar triangles are used to show that the slope of a line is constant.
1 Statistics and Probability: Bivariate data can often be modeled by a linear function.

Explanations and Examples:
Students identify the rate of change (slope) and initial valdatgrcept) from tables, graphs, equations or verbal
descriptions.

Students recognize that in a table tiiéntercept is they-value wherxis equal to 0. The slope can the determined by
finding the ratio- between the change in twg-values and the chaye between the two correspondingvalues.

They-intercept in the table below would be (0, 2). The distance between 8higl9 in a negative direction-8; the

distance between2 and 1 is 3 in a positive direction. The slope is the ratio ofaisen or—or — o
X y
-2 8
0 2
1 -1
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Using graphs, students identify tlyantercept as the point where the line crosses #zaxis and the slope as the rise,
run.

In a linear equation the coefficient &fis the slope and the constant is tlggntercept. Students need to be given the
equations in formats other thay=mx+ b, such ay =ax+ b (format from graphing calculatory,= b + mx (often the
format from contextual situations), etc. Note that poisibpe form and standard forms are not eqgpations at this
level.

In contextual situations, thg-intercept is generally the starting value or the value in the situation when

the independent variable is 0. The slope is the rate of change that occurs in the problem. Rates of change can often
0c0dzNJ 2 9SNJ &SI NA @ Ly (GKSasS aAaiddzrGAz2ya Al Aa KSE LIFdA A
of 1960, 1970, and 1980 could be represented as 0 (for 1960), 10 (for 1970) and 20 (for 1980).

Students use the slope andrytercepts to write a linear function in the form=mx+b. Situations may be given as a
verbal description, two ordered pairs, a table, a graph, or rate of change and another point on the line. Students
interpret slope and-intercept in the context of thgiven situation.

Examples:

The table below shows the cost of renting a car. The company charges $45 a day for the car as well as charging a one
GAYS bPup FSS F2NJ GKS OFNWa yI@gAal A2y asafdiondtbe { 0 ¢
number of daysd.

Students might write the equation= 45 + 25 using the verbal description or by first making a table.

Days @) | Cost €) in dollars
1 70
2 115
3 160
4 205

Students should recognize that the rate of change is 45dtis¢ of renting the car) and that initial cost (the first day
charge) also includes paying for the navigation system. Classroom discussion about one time fees vs. recurrent fees v
help students model contextual situations.

When scuba divers come baickthe surface of the water, they need to be careful not to ascend too quickly. Divers
should not come to the surface more quickly than a rate of 0.75 ft per second. If the divers start at a depth of 100 feet,
the equationd = 0.73 ¢ 100 shows the relatiaship between the time of the ascent in secontysaa(id the distance from

the surface in feetd).

Will they be at the surface in 5 minutes? How long will it take the divers to surface from their dive?

Make a table of values showing several times andcthreesponding distance of the divers from the surface. Explain
what your table shows. How do the values in the table relate to your equation?

Major Supportiry Additional Depth Opportunities(DO)



You work for a video streaming company that has two plans to choose from:
Plan 1: A flat rate of $7 per math plus $2.50 per video viewed
Plan 2: $4 per video viewed
a. What type of function models this situation? Explain how you know.
b. Define variables that make sense in the context and write an equation representing a function that
describes each plan.
¢. How mud would 3 videos in a month cost for each plan? 5 videos?
d. Compare the two plans and explain what advice you would give to a customer trying to decide which plan is
best for them, based on their viewing habits.

Sample Response
a. Each plan can be modeled ayinear function since the constant rate per video indicates a linear relationship.
b. We letG be the total cost per month of Plan @ the total cost per month of Plan 2, asthe number of
videos viewed in a month.
ThenG(V) = 7+29%
G\V) =&
c. 3videos on Plan 1G(3)=7+2.5(3)=$14.50
5 videos on Plan 1G(5)=7+2.5(5)=$19.50
3 videos on Plan 25(3)=4(3)=%$12
5 videos on Plan 2G(5)=4(5)=$20
d. Plan 1 costs less than Plan 2 for 5 or fewer videos per month. A customer who watchébandsevideos per
month should choose Plan 2.

A customer who watches 5 or fewer videos per month should choose Plan 1.

Instructional Strategies:
In Grade 8, students focus on linear equations and functions. Nonlinear functions are used for campariso

Students will need many opportunities and examples to figure out the meaning oix + b.

What doesm mean? WhatdoebY S I y K ¢ KSe& &K2 dziridbidgBaphs,dabl&s, afdfornduasSos ¢
equations, and they need to be able to interpthbse values in contexts. For example, if a function is used to model

the height of a stack af paper cups, then the rate of changs, which is the slope of the graph, is the height of the

Gf AL 2F GKS OdzLly 0KS Y20y iy SGRE DIAAORIPAOTES | 62PB0 1
in the context because 0 cups would not have a height, and yet a height of 0 would not fit the equation. Nonetheless,
the value oo Ol y 06S AYGSNLINBGSR Ay (RS¢02F 0 8KE 1082IYKS (KSA KB
minus its lip.

Use graphing calculators and web resources to explore linear antimear functions. Provide context as much as
possible to build understanding of slope anthiercept in a graph, especialigr those patterns that do not start with

an initial value of 0.

Give students opportunities to gather their own data or graphs in contexts they understand. Students need to measure
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collect data, graph data, and look for patterns, then generalize amtbslycally represent the patterns. They also need
opportunities to draw graphs (qualitatively, based upon experience) representingjfeesituations with which they are
familiar. Probe student thinking by asking them to determine which input valués sense in the problem situations
given

Provide students with a function in symbolic form and ask them to create a problem situation in words to match the
function. Given a graph, have students create a scenario that would fit the graph. Ask stodsntsa set of "cards"
to match a graphs, tables, equations, and problem situations. Have students explain their reasoning to each other.

From a variety of representations of functions, students should be able to classify and describe the funoiizer as |
non-linear, increasing or decreasing. Provide opportunities for students to share their ideas with other students and
create their own examples for their classmates.

Use the slope of the graph and similar triangle arguments to call attentioottust the change ixory, but also to the
rate of change, which is a ratio of the two.

Emphasize key vocabulary. Students should be able to explain what key words mean: e.g., model, interpret, initial valt
functional relationship, qualitative, lime, nonf A y S NX» ! aS 2F | d@g2NR gl tfé& 2N &

Resources/Tools:

8-F Modeling with a Linear Function
8.F Heart Rate Monitoring

8.G Downbhill

8.F Video Streaming

8.F High School Graduation

8.F Chicken and Steak, Variation 1
8.F Baseball Cards

8.F Chicken and Steak, Variation 2
8.F Distance across the channel
8.F Delivering the Mail, Assessment Variation

L& A Geo@in DépKriinent of Education

SidzRSyda LXre GKS 3FYS aLa LG CFHANKE FyR NBO2NR GKSAN
game is fair or not. Predictions are made before the game begins. Based on their trials, students determine all
outcomes, create tree dgrams and determine the theoretical afe of winning for each player.

SeeDanMeye S&a a2y & A BtadkingCapdzy OG A 2y Y
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https://www.illustrativemathematics.org/illustrations/417
https://www.illustrativemathematics.org/illustrations/1365
https://www.illustrativemathematics.org/illustrations/120
https://www.illustrativemathematics.org/illustrations/247
https://www.illustrativemathematics.org/illustrations/383
https://www.illustrativemathematics.org/illustrations/477
https://www.illustrativemathematics.org/illustrations/552
https://www.illustrativemathematics.org/illustrations/584
https://www.illustrativemathematics.org/illustrations/1206
https://www.illustrativemathematics.org/illustrations/1369
http://gadoe.georgiastandards.org/mathframework.aspx?PageReq=MathFair
http://blog.mrmeyer.com/?p=692

Common Misconceptions:

Students often confuse a recursive rule with an &xplormula for a function. For example, after identifying that a

linear function shows an increase of 2 in the values of the output for every change of 1 in the input, some students will
represent the equation ag=x+ 2 instead of realizing that thiseansy = 2 +b. When tables are constructed with
increasing consecutive integers for input values, then the distinction between the recursive and explicit formulas is
about whether you are reasoning vertically or horizontally in the table. Both ype=asoning and both types of

formulag are important for developing proficiency with functions.

When input values are not increasing consecutive integers (e.g., when the input values are decreasing, when some
integers are skipped, or when some input \edware not integers), some students have more difficulty identifying the
pattern and calculating the slope. It is important that all students have experience with such tables, so as to be sure the
they do not overgeneralize from the easier examples.

Somestudents may not pay attention to the scale on a graph, assuming that the scale urlits agel28/35 d

When making axes for a graph, some students may not using equal intervals to create the scale.

Some students may infer a cause and effect between independent and dependent variables, but this is often not the
case.

Some students graph incorregtl 6 SOl dz4 S (1 KSeé RasyfidihirepaseRheEndepeyident vakabléi and
y represents the dependent variable. Emphasize that this is a convention that makes it easier to communicate.

Major Supportiry Additional Depth Opportunities(DO)



Domain:Functions(F)
Cluster: Use functions to modeélationships between quantities.

Standard Grade8.F.5

Describe qualitatively the functional relationship between two quantities by analyzing a graph (e.g., where the function
is increasing or decreasing, linear or nonlinear). Sketch a graph thiéitexhe qualitative features of a function that

has been described verbally.

Suggested Standards for Mathematical Practice (MP):
V MP.2 Reason abstractly and quantitatively.
MP.3 Construct viable arguments and critique the reasoning of others.
MP.4 Modelwith mathematics.
MP.5 Use appropriate tools strategically.
MP.6 Attend to precision.
MP.7 Look for and make use of structure.

<K<K L

Connections SeeGrade 8.F.4

Explanations and Examples:
Given a verbal description of a situation, students sketch plgta model that situation. Given a graph of a situation,
students provide a verbal description of the situation.

Students learn that graphs tell stories and have to be interpreted by carefully thinking about the quantities shown.

Examples:

ThegraphBf 2 ¢ aK2ga | a0dzRSydGdwa GNALI (2 & OKtagetiedtheg dd abusi  dzF
to school. The bus stops once before arriving at school.

Describe how each part-& of the graph relates to the story.
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Below are two graphthat look the same. Note from the axis labels that the first graph shows the velocity of a car as a
function of time and the second graph shows the distance of the car from home as a function of time. Describe what
a2YS2yS 6K2 20aSNBtSeudsek BeadichsRa Y2 0SYS

-
-

velocity

distance from home

time time

Sample Responses

For a velocity function, output values tell us how fast the car is moving. For the distance function, output values tell us
K2¢g TIFEN FTNRY K2YS GKS OF NI A&dd { Ay @QBabaubspeRifc yalués ofimed S & Ol
velocity and distance, but we can make qualitative statements about velocity and distance.

Velocity Graph:The car starts at rest and speeds up at a constant rate. When the graph becomes a horizontal line, the
car is naintaining its speed for a while before speeding up for a short time and then quickly slowing down until it comes
to a complete stop. It stays stationary for a little while where the graph is on the horizontal axis. Then the car speeds
up, goes at a comant speed for a while and then slows down and comes to a complete stop.

Distance Graph:The car starts its trip at home. It moves away from home at a constant speed. When the graph is
horizontal, the car's distance from home is not changing, whicbhaisly means it has come to a stop for awhil&hen

the car moves farther away from home before turning around and coming back home. After staying at home for a time,
the car moves away from home at a constant speed. It comes to a stop for & béfiee coming back home.

*If the distance from home is not changing, it is also possible that the car is driving along a circle with the driver's home
at the center, although this doesn't seem very likely.

/' F NI NRBRS KSNJIoOoATS 2 lsvglihfanmatiof descabesheritiza K2 dzaSd ¢ KS
9 For the first 5 minutes, Carla rode fast and then slowed down. She rode 1 mile.
f C2NJ GKS ySEG mp YAydziSaszs /FNXF NRBRS |G | aGdSHRe LI
miles.
9 For the next 10 miates, Carla visited her grandmother.
For the next 5 minutes, Carla rode slowly at first but then began to ride faster. She rode 1 mile.
1 For the last 10 minutes, Carla rode fast. She rode 3 miles at a steady pace.

=

DNJ LK SI OK LJ NI 2partof heNdip)figtclickithelcdrddrt linettype irftilbdxdKThen click in the
AN LK G2 FTRR GKS a0IFNIAYy3 LRAYOG YR GKS SyRAYy3 LRAYI
entire trip has been created.
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graph to add the starting point and the ending point for that part of her trip.
wSLISIG GKSasS adSLla dzydAf | ededd LIK 2F / FNIIQa SYGANB Gl

6

Miles from Home
w

0 5 10 15 20 25 30 35 40 45 50 55 60
Minutes

Sample Solutian

Instructional Strategies: SeeGrade8.F.4

Resourceflools:

8.F Tides

8.F Distance

8.F Bike Race

8.F Riding by the Library

Common MisconceptionsSeeGrade 8.F.4
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https://www.illustrativemathematics.org/illustrations/628
https://www.illustrativemathematics.org/illustrations/632
https://www.illustrativemathematics.org/illustrations/633
https://www.illustrativemathematics.org/illustrations/674

