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TƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ άŦƭƛǇ ōƻƻƪǎέ ƛǎ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŀŘƻǇǘƛƻƴ ƻŦ ǘƘŜ /ƻƳƳƻƴ /ƻǊŜ {ǘŀǘŜ {ǘŀƴŘŀǊŘǎ ōȅ ǘƘŜ ǎǘŀǘŜ ƻŦ 

Kansas in 2010.  Teachers who were beginning the transition to the new Kansas StandardsτKansas College and Career 

Ready Standards (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 understanding 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 implementation of KCCRS. 

This project began in the summer 2012 with the work of Melisa Hancock (Manhattan, KS), Debbie Thompson (Wichita, 

Y{ύ ŀƴŘ tŀǘǊƛŎƛŀ IŀǊǘ ό²ƛŎƘƛǘŀΣ Y{ύ ǿƘƻ ǇǊƻǾƛŘŜŘ ǘƘŜ ƛƴƛǘƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ άŦƭƛǇ ōƻƻƪǎέΦ ¢ƘŜ άŦƭƛǇ ōƻƻƪǎέ ŀǊŜ ōŀǎŜŘ 

on a model that Kansas 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 reliable 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 the state. In 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 website at www.katm.org and will continue to undergo changes periodically.  When 

significant changes/additions are implemented the necessary modification will be posted and dated. 

¢ƘŜ ƛƴƛǘƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǳǇŘŀǘŜ ǘƻ ǘƘŜ άŦƭƛǇ ōƻƻƪǎέ ǿŀǎ ŘǊƛǾŜƴ ōȅ ǘƘŜ ƴŜŜŘ ŜȄǇǊŜǎǎŜŘ ōȅ teachers of 

mathematics in Kansas and with the financial support from Kansas Department of Education and encouragement from 

ǘƘŜ Yŀƴǎŀǎ !ǎǎƻŎƛŀǘƛƻƴ ƻŦ ¢ŜŀŎƘŜǊǎ ƻŦ aŀǘƘŜƳŀǘƛŎǎΦ  ¢ƘŜǎŜ άŦƭƛǇ ōƻƻƪǎέ ƘŀǾŜ ōŜŎƻƳŜ ŀƴ ƻƴƎƻƛƴƎ ǊŜǎƻǳǊŎŜ ǘƘŀǘ ǿƛƭƭ 

continue to evolve as more is learned about high quality instruction for the KCCRS for mathematics.  

For questions or comments about the flipbooks please contact Melisa Hancock at melisa@ksu.edu.  

  

About the Flip Books 

http://www.katm.org/
mailto:melisa@ksu.edu


The (mathematics standards) call for ŀ ƎǊŜŀǘŜǊ ŦƻŎǳǎΦ wŀǘƘŜǊ ǘƘŀƴ ǊŀŎƛƴƎ ǘƻ ŎƻǾŜǊ ǘƻǇƛŎǎ ƛƴ ǘƻŘŀȅΩǎ ƳƛƭŜ-wide, inch-deep 

curriculum, we need to use the power of the eraser and significantly narrow and deepen how time and energy is spent in 

the mathematics classroom. There is a necessity to focus deeply 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 and out of the mathematics classroom. 

(www.achievethecore.org)  

As the Kansas College and Career Ready Standards (KCCRS) are carefully examined, there is a realization that with time 

constraints of the classroom, not all of the standards can be done equally well and at the level to adequately address the 

ǎǘŀƴŘŀǊŘǎΦ  !ǎ ŀ ǊŜǎǳƭǘΣ ǇǊƛƻǊƛǘƛŜǎ ƴŜŜŘ ǘƻ ōŜ ǎŜǘ ŦƻǊ ǇƭŀƴƴƛƴƎΣ ƛƴǎǘǊǳŎǘƛƻƴ ŀƴŘ ŀǎǎŜǎǎƳŜƴǘΦ  άbƻǘ ŜǾŜǊȅǘƘƛƴƎ ƛƴ ǘƘŜ 

Standards should ƘŀǾŜ Ŝǉǳŀƭ ǇǊƛƻǊƛǘȅέ ό½ƛƳōŀΣ нлмм).  Therefore, there is a need to elevate the content of some 

standards over that of others throughout the K-12 curriculum. 

When the Standards were developed the following were considerations in the identification of priorities:  1) the need to 

be qualitative and well-articulated; 2) the understanding that some content will become more important than other; 3) 

the creation of a focus means that ǎƻƳŜ ŜǎǎŜƴǘƛŀƭ ŎƻƴǘŜƴǘ ǿƛƭƭ ƎŜǘ ŀ ƎǊŜŀǘŜǊ ǎƘŀǊŜ ƻŦ ǘƘŜ ǘƛƳŜ ŀƴŘ ǊŜǎƻǳǊŎŜǎ ά²ƘƛƭŜ ǘƘŜ 

remaining content is limited ƛƴ ǎŎƻǇŜΦέ пύ ŀ άƭƻǿŜǊέ ǇǊƛƻǊƛǘȅ ŘƻŜǎ ƴƻǘ imply exclusion of content but is usually intended 

to be taught in conjunction with or in support of one of the major clusters.  

ά¢ƘŜ {ǘŀƴŘŀǊŘǎ ŀǊŜ ōǳƛƭǘ ƻƴ ǘƘŜ ǇǊƻƎǊŜǎǎƛƻƴǎΣ ǎƻ ǇǊƛƻǊƛǘƛŜǎ ƘŀǾŜ ǘƻ ōŜ ŎƘƻǎŜƴ ǿƛǘƘ ŀn eye to the 

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 path, if the endpoint is nothing, few will 

understand where the journey is headed.  Beginnings and the endings both need particular care.  

Χ Lǘ ǿƻǳƭŘ ŀƭǎƻ ōŜ ŀ ƳƛǎǘŀƪŜ ǘƻ ƛŘŜƴǘƛŦȅ ǎǳŎƘ ǎǘŀƴŘŀǊŘ ŀǎ ŀ ƭƻŎǳǎ ƻŦ ŜƳǇƘŀǎƛǎΦ ό½ƛƳōŀΣ нлммύ 

The important question in plannƛƴƎ ƛƴǎǘǊǳŎǘƛƻƴ ƛǎΥ ά²Ƙŀǘ ƛǎ ǘƘŜ ƳŀǘƘŜƳŀǘƛŎǎ ȅƻǳ ǿŀƴǘ ǘƘŜ ǎǘǳŘŜƴǘ ǘƻ ǿŀƭƪ ŀǿŀȅ ǿƛǘƘΚέ 

Lƴ ǇƭŀƴƴƛƴƎ ŦƻǊ ƛƴǎǘǊǳŎǘƛƻƴ άƎǊŀƛƴ ǎƛȊŜέ ƛǎ ƛƳǇƻǊǘŀƴǘΦ DǊŀƛƴ ǎƛȊŜ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ȅƻǳ ǿŀƴǘ ǘƘŜ ǎǘǳŘŜƴǘ ǘƻ 

know. Mathematics is simplest at the right grain size.  According to Daro (Teaching Chapters, Not LessonsτGrain 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 

ǳƴƛǘǎ ƻǊ ŎƘŀǇǘŜǊǎ ǇǊƻŘǳŎŜ ŀōƻǳǘ ǘƘŜ ǊƛƎƘǘ άƎǊŀƛƴ ǎƛȊŜέΦ  Lƴ ǘƘŜ Ǉƭŀnning process staff should attend to the clusters, and 

think of the standards as the ingredients of cluster, while understanding that coherence exists at the cluster level across 

grades.   

A caution--Grain size is important but can result in conversations that 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 overall 

intent of suggested priorities.  The reverse is also true. As Daro indicates, lenses focused on 

lessons can also provide too narrow a view which compromises the coherence value of 

closely related standards. 

The video clip Teaching Chapters, Not LessonsτGrain Size of Mathematics that follows 
presents Phil Daro further explaining grain size and the importance of it in the planning 
process. (Click on photo to view video.) 
 

Planning Advice--Focus on the Clusters 

http://www.achievethecore.org/
http://serpmedia.org/daro-talks/


!ƭƻƴƎ ǿƛǘƘ άƎǊŀƛƴ ǎƛȊŜέΣ ŎƭǳǎǘŜǊǎ ƘŀǾŜ ōŜŜƴ ƎƛǾŜƴ priorities which have important implications for instruction.  These 

priorities should help guide the focus for teachers as they 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 understand before moving 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 assigning time for instruction and formative assessment within the classroom. 

 

Each cluster within the standards has been given a priority level by Zimba. The three levels are referred to as:τFocus, 

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 

ŀŘǾŀƴŎŜŘ ǿƻǊƪ ƛƴ ǘƘŜ ƘƛƎƘ ǎŎƘƻƻƭ ǎǘŀƴŘŀǊŘǎ ƛǎ ƻŦǘŜƴ ŦƻǳƴŘ ƛƴ ά!ŘŘƛǘƛƻƴŀƭ ŀƴŘ {ŀƳǇƭŜ ŎƭǳǎǘŜǊǎέΦ  {ǘǳŘŜƴǘǎ ǿƘƻ ƛƴǘŜƴŘ ǘƻ 

pursue STEM careers or Advance Placement courses should master the material marked with άҌέ ǿƛǘƘƛƴ ǘƘŜ ǎǘŀƴŘŀǊŘǎΦ  

These standards fall outside of priority recommendations. 

Appropriate Use: 

¶ Use the priorities as guidance to inform instructional decisions regarding time and resources spent on clusters 

by varying the degrees of emphasis 

¶ 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: sense-making, reasoning, arguing and 

critiquing, modeling, etc. 

¶ 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 should indeed support 

the Focus priorities and not detract from it. 

¶ Set priorities for other implementation efforts taking the emphasis into account such as: staff development; new 

curriculum development; revision of existing formative or summative testing at the state, district or school level. 

Things to Avoid: 

¶ Neglecting any of the material in the standards rather than connecting the Additional and Sample clusters to the 

other work of the grade 

¶ Sorting clusters from Focus to Additional to Sample and then teaching the 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. 

¶ ¦ǎƛƴƎ ǘƘŜ ŎƭǳǎǘŜǊǎΩ ƘŜŀŘƛƴƎǎ ŀǎ ŀ ǊŜǇƭŀŎŜƳŜƴǘ ŦƻǊ ǘƘŜ ŀŎǘǳŀƭ ǎǘŀƴŘŀǊŘǎΦ !ƭƭ ŦŜŀǘǳǊŜǎ of the standards matterτ

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 

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

Recommendations for using cluster level priorities 



Each cluster, at a grade level, and, each domain at the high school, identifies five or fewer standards for in-depth 

instruction called Depth Opportunities (Zimba, 2011).  Depth Opportunities (DO) is a qualitative recommendation about 

allocating time and effort within the highest priority clusters --the Focus level.  Examining the Depth Opportunities by 

standard reflects that some are beginnings, some are critical moments or some are endings in the progressions.  The 

5hΩǎ ǇǊƻǾƛŘŜ ŀ ǇǊƛƻǊƛǘƛȊŀǘƛƻƴ ŦƻǊ ƘŀƴŘƭƛƴƎ ǘƘŜ ǳƴŜǾŜƴ ƎǊŀƛƴ ǎƛȊŜ ƻŦ ǘƘŜ ŎƻƴǘŜƴǘ ǎǘŀƴŘŀǊŘǎΦ  aƻǎǘ ƻŦ ǘƘŜ 5hϥǎ ŀǊŜ ƴƻǘ ǎƳŀƭƭ 

content elements, but, rather focus on a big important idea that students need to develop. 

5hΩǎ Ŏŀƴ ōŜ ƭƛƪŜƴŜŘ ǘƻ ǘƘŜ tǊƛƻǊƛǘƛŜǎ ƛƴ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ƳŜŀƴǘ ǘƻ ƘŀǾŜ ǊŜƭŜǾŀƴŎŜ ŦƻǊ ƛƴǎǘǊǳŎǘƛƻƴΣ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ 

ǇǊƻŦŜǎǎƛƻƴŀƭ ŘŜǾŜƭƻǇƳŜƴǘΦ  Lƴ ǇƭŀƴƴƛƴƎ ƛƴǎǘǊǳŎǘƛƻƴ ǊŜƭŀǘŜŘ ǘƻ 5hΩǎΣ ǘŜŀŎƘŜǊǎ ƴŜŜŘ ǘƻ ƛƴǘŜƴǎƛŦȅ ǘƘŜ ƳƻŘŜ ƻŦ ŜƴƎŀƎŜƳŜƴǘ 

by emphasizing: tight focus, rigorous reasoning and discussion and extended class time devoted to practice and 

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

In this document, Depth Opportunities are highlighted pink in the Standards section. For example: 

5.NBT.6  Find whole number quotients of whole numbers with up to four-digit dividends and two-digit divisors, using 

strategies based on place value, the properties of operations, and/or the relationship between multiplication and division.  

Illustrate 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 

best to deveƭƻǇ ǘƘŜ 5hΩǎ ƛƴ ƛƴǎǘǊǳŎǘƛƻƴ ŀƴŘ ŎǊŜŀǘŜ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ǘŜŀŎƘŜǊǎ ǘƻ ŘŜǾŜƭƻǇ ƘƛƎƘ ǉǳŀƭƛǘȅ ƳŜǘƘƻŘǎ ƻŦ 

formative assessment. 

 

Depth Opportunities 



The Common Core State Standards for Mathematical Practice are practices expected to be integrated into every mathematics lesson for all students Grades K-

12. Below are a few examples of how these Practices may be integrated into tasks that Grade 5 students complete. 

Practice Explanation and Example 

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

Mathematically proficient students start by explaining to themselves the meaning of a problem and looking for entry points to its 
solution. They solve real world problems through application of algebraic and geometric concepts.  They see the meaning of a 
problem and look for efficienǘ ǿŀȅǎ ǘƻ ǊŜǇǊŜǎŜƴǘ ŀƴŘ ǎƻƭǾŜ ƛǘΦ  ¢ƘŜȅ ŎƘŜŎƪ ǘƘŜƛǊ ǘƘƛƴƪƛƴƎ ōȅ ŀǎƪƛƴƎ ǘƘŜƳǎŜƭǾŜǎΣ ά²Ƙŀǘ ƛǎ ǘƘŜ Ƴƻǎǘ 
ŜŦŦƛŎƛŜƴǘ ǿŀȅ ǘƻ ǎƻƭǾŜ ǘƘŜ ǇǊƻōƭŜƳΚέΣ ά5ƻŜǎ ǘƘƛǎ ƳŀƪŜ ǎŜƴǎŜΚέΣ ŀƴŘ ά/ŀƴ L ǎƻƭǾŜ ǘƘŜ ǇǊƻōƭŜƳ ƛƴ ŀ ŘƛŦŦŜǊŜƴǘ ǿŀȅΚέ  ¢ƘŜȅ ǳƴŘŜǊǎtand 
the approaches of others to solving complex problems and identify correspondences between the different approaches.  Example:  to 
understand why a 20% discount followed by a 20% markup does not return an item to its original price, a MS student might translate 
the situation into a tape diagram or a general equation; or they might first consider the result for an item priced at $1.00 or $10.00. 

2) Reason 
abstractly and 
quanti tatively. 

Mathematically proficient students make sense of quantities and their relationships in problem situations.  They represent a wide 
variety of real world contexts through the use of real numbers and variables in mathematical expressions, equations, and inequalities.  
They examine patterns in data and assess the degree of linearity of functions.  They contextualize to understand the meaning of the 
number or variable as related to the problem.  They decontextualize to manipulate symbolic representations by applying properties of 
operations.  Quantitative reasoning entails habits of creating a coherent representation of the problem at hand; considering the units 
involved; attending to the meaning of quantities, not just how to compute them; and knowing and flexibly using different properties 
of operations and objects.  Examples:  1)They apply ratio reasoning to convert measurement units and proportional relationships to 
solve percent problems, 2) they solve problems involving unit rates by representing the situations in equation form, and 3) they use 
properties of operation to generate equivalent expressions and use the number line to understand multiplication and division of 
rational numbers. 

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

Mathematically proficient students understand and use stated assumptions, definitions, and previously established results in 
constructing arguments.  They make conjectures and build a logical progression of statements to explore the truth of their 
conjectures. They are able to analyze situations by breaking them into cases, and can recognize and use counterexamples.  They 
justify their conclusions, communicate them to others, and respond to the arguments of others.   They construct arguments using 
verbal or written explanations accompanied by expressions, equations, inequalities, models, and graphs, tables, and other data 
displays (i.e. box plot, dot plots, histograms, etc.) Example: Use of numerical counterexamples to identify common errors in algebraic 
manipulation, such as thinking that 5 ς 2x is equivalent to 3x.  Proficient MS students progress from arguing exclusively through 
concrete referents such as physical objects and pictorial referents, to also including symbolic representations such as expressions and 
equations. 

Standards for Mathematical Practice in Grade 8 



4) Model with 
mathematics. 

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

5) Use appropriate 
tools strategically. 

Mathematically proficient students consider the available tools when solving a mathematical problem.  These tools might include 
pencil/paper, concrete models, ruler, protractor, calculator, spreadsheet, computer algebra system, a statistical package, or dynamic 
geometry software. They are sufficiently familiar with tools appropriate for their grade to make sound decisions about when each of 
these tools might be helpful, recognizing both the insight to be gained and their limitations.  They are able to use technological tools 
to explore and deepen their understanding of concepts. Examples:  Use graphs to model functions, algebra tiles to see how properties 
of operations apply to equations, and dynamic geometry software to discover properties of parallelograms. 

6) Attend to 
precision. 

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

7) Look for and 
make use of 
structure. 

Mathematically proficient students look for and notice patterns and then articulate what they see.  They can step back for an 
overview and shift perspective.  They can see complicated things, such as some algebraic expressions, as single objects or as being 
composed of several objects.  For example, they can see 5 ς 3(x ςy)² as 5 minus a positive number times a square and use that to 
realize that its value cannot be more than 5 for any real numbers x and y.  Examples:  1) MS students might use the structure of the 
number line to demonstrate that the distance between two rational numbers is the absolute value of their difference, ascertain 
the relationship between slopes and solution sets of systems of linear equations, and see the equation 3x = 2y 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 to find the length of a diagonal in a 
rectangular prism. 

8) Look for and 
express regularity 
in repeated 
reasoning. 

Mathematically proficient students notice if calculations are repeated and look both for general methods and for shortcuts.  By 
paying attention to the calculation of slope as they repeatedly check whether po9ints are on the line through (1,2) with slope 3, 
middle school students might abstract the equation (y ς 2)/(x ς 1) = 3.  As they work to solve a problem, mathematically proficient 
students maintain oversight of the process, while attending to the details.  They continually evaluate the reasonableness of their 
intermediate results.  Examples: 1)By working with tables of equivalent ratios, middle school students can deduce the 
corresponding multiplicative 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 sum of an n-gon, 3) MS 
students learn to see subtraction as addition of opposite, and use this in a general purpose tool for collecting like terms in linear 
expressions. 

 



 

 

Summary of Standards for Mathematical Practice Questions to Develop Mathematical Thinking 
1. Make sense of problems and persevere in solving them. 

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

¶ Plan a solution pathway instead of jumping to a solution. 

¶ Can monitor their progress and change the approach if 
necessary. 

¶ See relationships between various representations. 

¶ Relate current situations to concepts or skills previously 
learned and connect mathematical ideas to one another. 

¶ Can understand various approaches to solutions.  

¶ Continually ask themselǾŜǎΤ ά5ƻŜǎ ǘƘƛǎ ƳŀƪŜ ǎŜƴǎŜΚέ 

¶ How would you describe the problem in your own words? 

¶ How would you describe what you are trying to find? 

¶ What do you notice about? 

¶ What information is given in the problem? 

¶ Describe the relationship between the quantities. 

¶ Describe what you have already tried.   

¶ What might you change? 

¶ ¢ŀƭƪ ƳŜ ǘƘǊƻǳƎƘ ǘƘŜ ǎǘŜǇǎ ȅƻǳΩǾŜ ǳǎŜŘ ǘƻ ǘƘƛǎ ǇƻƛƴǘΦ 

¶ What steps in the process are you most confident about? 

¶ What are some other strategies you might try? 

¶ What are some other problems that are similar to this one? 

¶ How might you use one of your previous problems to help 
you begin? 

¶ How else might you organize, represent, and show? 

2. Reason abstractly and quantitatively. 

¶ Make sense of quantities and their relationships. 

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

¶ Understand the meaning of quantities and are flexible in 
the use of operations and their properties. 

¶ Create a logical representation of the problem. 

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

¶ What do the numbers used in the problem represent?  

¶ What is the relationship of the quantities? 

¶ How is   related to   ? 

¶ What is the relationship between   and   ?  

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

¶ What properties might we use to find a solution? 

¶ How did you decide in this task that you needed to use? 

¶ Could we have used another operation or property to solve 
this task?  Why or why not? 

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

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

¶ Justify conclusions with mathematical ideas. 

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

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

¶ Compare two arguments and determine correct or 
flawed logic. 

¶ What mathematical evidence would support your solution?  
How can we be sure that  ?  / How could you prove 
that. ? Will it still work if. ? 

¶ What were you considering when. ?   

¶ How did you decide to try that strategy? 

¶ How did you test whether your approach worked? 

¶ How did you decide what the problem was asking you to 
find? (What was unknown?) 

¶ 5ƛŘ ȅƻǳ ǘǊȅ ŀ ƳŜǘƘƻŘ ǘƘŀǘ ŘƛŘ ƴƻǘ ǿƻǊƪΚ ²Ƙȅ ŘƛŘƴΩǘ ƛǘ ǿƻǊƪΚ 
Would it ever work? Why or why not? 

¶ What is the same and what is different about. ?  

¶ How could you demonstrate a counter-example? 

4. Model with mathematics. 

¶ Understand this is a way to reason quantitatively and 
abstractly (able to decontextualize and contextualize). 

¶ Apply the math they know to solve problems in everyday 
life.  

¶ Are able to simplify a complex problem and identify 
important quantities to look at relationships. 

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

¶ Reflect on whether the results make sense, possibly 
improving or revising the model. 

¶ !ǎƪ ǘƘŜƳǎŜƭǾŜǎΣ άIƻǿ Ŏŀƴ L ǊŜǇǊŜǎŜƴǘ ǘƘƛǎ 
ƳŀǘƘŜƳŀǘƛŎŀƭƭȅΚέ 

¶ What number model could you construct to represent the 
problem? 

¶ What are some ways to represent the quantities? 

¶ ²ƘŀǘΩǎ ŀƴ Ŝǉǳŀǘƛƻƴ ƻǊ ŜȄǇǊŜǎsion that matches the diagram, 
number line, chart, table? 

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

¶ Would it help to create a diagram, graph, table?  

¶ What are some ways to visually represent?  

¶ What formula might apply in this situation? 



 

Summary of Standards for Mathematical Practice Questions to Develop Mathematical Thinking 
5. Use appropriate tools strategically. 

¶ Use available tools recognizing the strengths and 
limitations of each. 

¶ Use estimation and other mathematical knowledge to 
detect possible errors. 

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

¶ Use technological tools to deepen their understanding of 
mathematics. 

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

¶ What information do you have? 

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

¶ What approach are you considering trying first? 

¶ What estimate did you make for the solution? 

¶ In this situation would it be helpful to use: a graph, number 
line, ruler, diagram, calculator, manipulative? 

¶ Why was it helpful to use. ? 

¶ What can using a   show us, that  _may not?  

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

6. Attend to precision. 

¶ Communicate precisely with others and try to use clear 
mathematical language when discussing their reasoning. 

¶ Understand meanings of symbols used in mathematics 
and can label quantities appropriately. 

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

¶ Calculate efficiently and accurately. 

¶ What mathematical terms apply in this situation?  

¶ How did you know your solution was reasonable?  

¶ Explain how you might show that your solution answers the 
problem. 

¶ Is there a more efficient strategy? 

¶ How are you showing the meaning of the quantities? 

¶ What symbols or mathematical notations are important in 
this problem? 

¶ What mathematical language, definitions, properties can 
you use to explain. ? 

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

7. Look for and make use of structure. 

¶ Apply general mathematical rules to specific situations. 

¶ Look for the overall structure and patterns in 
mathematics. 

¶ See complicated things as single objects or as being 
composed of several objects. 

¶ What observations do you make about. ? 

¶ What do you notice when. ? 

¶ What parts of the problem might you eliminate, simplify? 

¶ What patterns do you find in. ? 

¶ How do you know if something is a pattern? 

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

¶ What are some other problems that are similar to this one? 

¶ How does this relate to. ? 

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

8. Look for and express regularity in repeated reasoning. 

¶ See repeated calculations and look for generalizations 
and shortcuts. 

¶ See the overall process of the problem and still attend to 
the details. 

¶ Understand the broader application of patterns and see 
the structure in similar situations. 

¶ Continually evaluate the reasonableness of their 
intermediate results. 

¶ Will the same strategy work in other situations? 

¶ Is this always true, sometimes true or never true? 

¶ How would we prove that. ?  

¶ What do you notice about. ? 

¶ What is happening in this situation?  

¶ What would happen if. ? 

¶ What Is there a mathematical rule for. ? 

¶ What predictions or generalizations can this pattern 
support? 

¶ What mathematical consistencies do you notice? 

 

  



 

In Grade 8, instructional time should focus on three critical areas: (1) formulating and reasoning about expressions and 

equations, including modeling an association in bivariate data with a linear equation, and solving linear equations and 

systems of linear equations; (2) grasping the concept of a function and using functions to describe quantitative 

relationships; (3) analyzing two- and three-dimensional space and figures using distance, angle, similarity, and 

congruence, and understanding and applying the Pythagorean Theorem. 

 

1. Students use linear equations and systems of linear equations to represent, analyze, and solve a variety of problems. 

Students recognize equations for proportions ά έὶ ώ άὼ as special linear equations ώ άὼ ὦ, 

understanding that the constant of proportionality (m) is the slope, and the graphs are lines through the origin.  

They understand that the slope (m) of a line is a constant rate of change, so that if the input or x-coordinate changes 

by an amount A, the output or y-coordinate changes by the amount m¶ A. Students also use a linear equation to 

describe the association between two quantities in bivariate data (such as arm span vs. height for students in a 

classroom).  At this grade, fitting the model, and assessing its fit to the data are done informally.  Interpreting the 

model in the context of the data requires students to express a relationship between the two quantities in question 

and to interpret components of the relationship (such as slope and y-intercept) in terms of the situation.  

 

Students strategically choose and efficiently implement procedures to solve linear equations in one variable, 

understanding that when they use the properties of equality and the concept of logical equivalence, they maintain 

the solutions of the original equation.  Students solve systems of two linear equations in two variables and relate the 

systems to pairs of lines in the plane; these intersect, are parallel, or are the same line.  Students use linear 

equations, systems of linear equations, linear functions, and their understanding of slope of a line to analyze 

situations and solve problems. 

 

2. Students grasp the concept of a function as a rule that assigns to each input exactly one output. They understand 

that functions describe situations where one quantity determines another.  They can translate among 

representations and partial representations of functions (noting that tabular and graphical representations may be 

partial representations), and they describe how aspects of the function are reflected in the different 

representations.  

 

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 analyze two-dimensional figures and to solve 

problems.  Students show that the sum of the angles in a triangle is the angle formed by a straight line and that 

various configurations of lines give rise to similar triangles because of the angles created when a transversal cuts 

parallel lines.  Students understand the statement of the Pythagorean Theorem and its converse, and can explain 

why the Pythagorean Theorem holds, for example, by decomposing a square in two different ways.  They apply the 

Pythagorean Theorem to find distances between points on the coordinate plane, to find lengths, and to analyze 

polygons.  Students complete their work on volume by solving problems involving cones, cylinders, and spheres.. 

Critical Areas for Mathematics in 8th Grade 



 

The Dynamic Learning Maps and Essential Elements are knowledge and skills linked to the grade-level expectations 

identified in the Common Core State Standards. The purpose of the Dynamic Learning Maps Essential Elements is to 

build a bridge from the content in the Common Core State Standards to academic expectations for students with the 

most significant cognitive disabilities.  

For more information please visit the Dynamic Learning Maps and Essential Elements website.

Dynamic Learning Maps (DLM) and Essential Elements 

http://community.ksde.org/Default.aspx?tabid=5357


Major  Supporting  Additional  Depth Opportunities(DO) 
 

The Number System (NS) 
¶ Know that there are numbers that are not rational, and approximate them by rational numbers. 

NS.1 NS.2 

 

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

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

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

EE.5 EE.6 

¶ Analyze and solve linear equations and pairs of simultaneous linear equations. 

EE.7 EE.8 

 

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

F.1 F.2 F.3 

¶ Use functions to model relationships between quantities. 

F.4 F.5 

 

Geometry (GE) 
¶ Understand congruence and similarity using physical models, transparencies, or geometry software. 

 G.1 G.2 G3. G.4 G.5 

¶ Understand and apply the Pythagorean Theorem. 

 G.6 G.7 G.8 

¶ Solve real-world and mathematical problems involving volume of cylinders, cones, and spheres. 

G.9 

 

Statistics and Probability (SP) 
¶ Investigate patterns of association to bivariate data.  

SP.1 SP.2 SP.3 SP.4 

 

  

Grade 8 Content Standards Overview 



Major  Supporting  Additional  Depth Opportunities(DO) 
 

Domain: The Number System (NS) 

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

 

Standard: Grade 8.NS.1  

Know that numbers that are not rational are called irrational.  Understand informally that every number has a decimal 

expansion; for 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.6 Attend 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: 

¶ This cluster goes beyond the Grade 8 Critical Areas of Focus to address working with irrational numbers, integer 

exponents, and scientific notation. 

¶ This cluster builds on previous understandings from Grades 6-7, The Number System. 

 

Explanations and Examples:   

Students distinguish between rational and irrational numbers.  Any number that can be expressed as a fraction is a 

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 in 

7th grade when students used long division to distinguish between repeating and terminating decimals. Students convert 

repeating decimals into their fraction equivalent using patterns or algebraic reasoning.  One method to find the fraction 

equivalent to a repeating decimal is shown below. 

 

Change πȢτ to a fraction 

¶ Let ὼ πȢτττττττȣ 

¶ 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, giving ρπὼ τȢτττττττȣ 

¶ Subtract the original equation from the new equation. 

ρπὼ τȢτττττττȣ 

ὼ πȢτττττȣ 

ωὼ τ 

¶ Solve the equation to determine the equivalent fraction. 

ωὼ

ω

τ

ω
 

ὼ
τ

ω
 

 

Additionally, students can investigate repeating patterns that occur when fractions have a denominator of 9, 99, or 11.  

For example,  is equivalent to πȢτ,  is equivalent to πȢυ, etc. 

 



Major  Supporting  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 root of the rational number Is irrational.  For 

example, ЍσȢφ is irrational and  is irrational. 

 

Provide two examples of non-integer rational numbers that show that the conjecture is false. 

 

Sample Response:   

¶ Example 1:  2.25    

¶ Example 2:    

 

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

 

 
 

Instructional Strategies:   

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

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. 

 

A rational number is of the form , where a and b are both integers, and b 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 equal parts; then, beginning at 0, count out a of those parts.  The surprising fact, now, is that there are numbers 

on the number line that cannot be expressed as , with a and b both integers, and these are called irrational numbers. 

 

Students construct a right isosceles triangle with legs of 1 unit. Using the Pythagorean Theorem, they determine that the 

length of the hypotenuse is Ѝς.  In the figure below, they can rotate the hypotenuse back to the original number line to 

show that indeed Ѝς is a number on the number line. 

 

 
 



Major  Supporting  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 find the exact decimal representation of , 

students might use their calculator to find πȢςψυχρτςψυχȣ and they 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 remainders 

repeat in a predictable patternτa 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 complete, 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 next 

remainder is always the same.  Thus, 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 representation of , students can reason that the repeating portion of decimal will 

have at most n-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 carrying it out. 

 

Conversely, given a repeating decimal, students learn strategies for converting the decimal to a fraction. One approach is 

to notice that rational numbers with denominators of 9 repeat a single digit.  With a denominator of 99, two digits 

repeat; with a denominator of 999, three digits repeat, and so on. 

 

¶ πȢρσρσρσρσȣ 

¶ πȢχτχτχτχτȣ 

¶ πȢςσχςσχςσχȣ 

¶ πȢτψυτψυτψυȣ 

 

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

πȢςψυχρτςψυχρτȣ  .  And then they can verify that this fraction is equivalent to . 

 

Once students understand that (1) every rational number has a decimal representation that either terminates or 

repeats, and (2) every terminating or repeating 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 not need to be able to prove that Ѝς is irrational, they need to know that Ѝς 

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

 

Nonetheless, they can approximate Ѝς without using the square root key on the calculator.   

  



Major  Supporting  Additional  Depth Opportunities(DO) 
 

Students can create tables like those shown to approximate Ѝς to one, two, and then three places to the right of the 

decimal point: 

 
 

From knowing that 1² = 1 and 2² = 4, or from the tables on the previous page, students can reason that there is a 

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 is 

a number whose square is 2.  Then in the second table, they locate that number between 1.41 and 1.42.  And in the 

third table they can locate Ѝς 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 generate the rest of the 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 rational or irrational.   

 

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 System 6-8: 

http://commoncoretools.me/wp-content/uploads/2013/07/ccssm_progression_NS+Number_2013-07-09.pdf 

 

Also see engageNY Modules: https://www.engageny.org/resource/grade-8-mathematics 

 

8.NS Estimating Square Roots  

8-NS Calculating and Rounding Numbers 

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

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

8.NS Identifying Rational Numbers  

8.NS Converting Repeating Decimals to Fractions  

 

  

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
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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, eventually a pattern will emerge. 

 

A few irrational numbers are given special names (pi and e), and much attention is given to Ѝς. Because we name so few 

irrational numbers, students sometimes conclude that irrational numbers are unusual and rare.  In fact, irrational 

ƴǳƳōŜǊǎ ŀǊŜ ƳǳŎƘ ƳƻǊŜ ǇƭŜƴǘƛŦǳƭ ǘƘŀƴ Ǌŀǘƛƻƴŀƭ ƴǳƳōŜǊǎΣ ƛƴ ǘƘŜ ǎŜƴǎŜ ǘƘŀǘ ǘƘŜȅ ŀǊŜ φŘŜƴǎŜǊ ƛƴ ǘƘŜ ǊŜŀƭ ƭƛƴŜΦ 

 

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  Supporting  Additional  Depth Opportunities(DO) 
 

Domain: The Number System (NS) 

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

 

Standard: Grade 8.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 expressions (e.g., x2).  For example, by truncating the decimal 

expansion of Ѝς, show that Ѝς is between 1 and 2, then 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 

V MP.4 Model with mathematics.  

V MP.7 Look for and make use of structure.  

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

 

Connections:    

See: Grade 8.NS. 1; Grade 8.G.8; Grade 8.G.7 

 

Explanations and Examples:  

Students locate rational and irrational numbers on the number line.  Students compare and order rational and irrational 

numbers.  Additionally, students understand that the value of a square root can be approximated between integers and 

that non-perfect square roots are irrational.  Students also recognize that square roots may be negative and written as  

Ѝςψ.  

 

To find an approximation of Ѝςψ, first 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 know that Ѝςψ is between 5 and 6. Since 28 is closer to 25, an 

estimate of the square root would be closer to 5.  One method to get an estimate is to divide 3 (the distance between 25 

and 28) by 11 (the distance between the perfect squares of 25 and 36) to get 0.27.  The estimate of Ѝςψ would be 5.27 

(the actual is 5.29). 

 

Students can approximate square roots by iterative processes. 

 

Examples: 

Approximate the value of Ѝυ to the nearest hundredth. 

 

Solution:  

Students start with a rough estimate based upon perfect squares. Ѝυ falls between 2 and 3 because 5 falls between  

ς τ ὥὲὨ σ ω.  The value will be closer to 2 than to 3.  Students continue the iterative process with the tenths 

place value. Ѝυ falls between 2.2 and 2.3 because 5 falls between ςȢς τȢψτ ὥὲὨ ςȢσ υȢςω. The value is closer to 

2.2.  Further iteration shows that the value of Ѝυ is between 2.23 and 2.24 since 2.232 is 4.9729 and 2.242 is 5.0176 
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Compare Ѝς and Ѝσ  by estimating their values, plotting them on a number line, and making comparative statements. 

 

 
 

Solution:  

Statements for the comparison could include: 

¶ Ѝς is approximately 0.3 less than Ѝσ 

¶ Ѝς is between the whole numbers 1 and 2 

¶ Ѝσ is between 1.7 and 1.8 

 

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

a. ˉ  

b. ς(½ ³ ̄ ύ                           

c.    ςЍς  -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 

d.  Ѝρχ 

 

Solution: 

a. ˉ ƛǎ ǎƭƛƎƘǘƭȅ ƎǊŜŀǘŜǊ ǘƘŀƴ оΦ 

b. “  ƛǎ ǎƭƛƎƘǘƭȅ ƭŜǎǎ ǘƘŀƴ ҍмΦр  

c. ςЍς τϽς ψ ὥὲὨ σ ωȟίέ ςЍς is slightly less than 3. 

d. Ѝρφ τ, so  Ѝρχ is slightly greater than 4. 

 

Instructional Strategies:  See Grade 8.NS.1 

Big ideas: Evaluate square roots and cube roots of perfect squares/cubes 
Approximate square roots of non-perfect squares 
 

Resources/Tools: 

Also see engageNY Modules: https://www.engageny.org/resource/grade-8-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 Misconceptions:  See Grade 8.NS.1 

 

  

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
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Domain: Expressions and Equations (EE) 

Cluster: Work with radicals and integer exponents. 

 

Standard:  Grade 8.EE.1   

Know and apply the properties of integer exponents to generate equivalent numerical expressions.  For example, σ

σ σ . 

 

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. 

V MP.7 Look for and make use of structure. 

 

Connections:    

This cluster is connected to: 

¶ This cluster goes beyond the Grade 8 Critical Areas of Focus to address working with irrational numbers, integer 

exponents, and scientific notation.   

¶ 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, dividing or raising a power to a power.  Using numerical bases and the laws of exponents, students generate 

equivalent expressions. 

 

Examples:  

¶  

¶ τ τ  

¶ τ
ȟ

 

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

A. ψϽψ   

B.  

C. Ͻ  

D.  

Solution:  A, C, D 

 

Instructional Strategies: 

Although students begin using whole-number 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 counting-number exponents.  

It is no accident that these expectations are simultaneous, because it is the properties of counting-number exponents 

that provide the rationale for the properties of integer exponents.  In other words, students should not be told these 
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properties but rather should derive them through experience and reason. 

 

For counting-number exponents (and for nonzero bases), the following properties follow directly from the meaning of 

exponents. 

 

1. ὥὥ ὥ  

2. ὥ ὥ  

3. ὥὦ ὥὦ 

 

Students should have experience simplifying numerical expressions with exponents so that these properties become 

natural and obvious.  For example, 

 

23¶25 Ґ όнϊнϊнύ ¶ όнϊнϊнϊнϊнύ Ґ н8  

(53)4 Ґ όрϊрϊрύ ¶ όрϊрϊрύ ¶ όрϊрϊрύ ¶ όрϊрϊрύ Ґ р12  

όоϊтύ4 Ґ όоϊтύ ¶ όоϊтύ ¶ όоϊтύ ¶ όоϊтύ Ґ όоϊоϊоϊоύ ¶ όтϊтϊтϊтύ Ґ о4¶74 

 

If students reason about these examples with a sense of generality about the numbers, they begin to articulate the 

ǇǊƻǇŜǊǘƛŜǎΦ  CƻǊ ŜȄŀƳǇƭŜΣ άL ǎŜŜ ǘƘŀǘ о ǘǿƻǎ ƛǎ ōŜƛƴƎ ƳǳƭǘƛǇƭƛŜŘ ōȅ  р ǘǿƻǎΣ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘǎ ƛǎ у ǘǿƻǎ ōŜƛƴƎ ƳǳƭǘƛǇƭƛŜŘ 

together, where the 8 is the sum of 3 and 5, the number of twos in each of the original factors.  That would work for a 

ōŀǎŜ ƻǘƘŜǊ ǘƘŀƴ ǘǿƻ όŀǎ ƭƻƴƎ ŀǎ ǘƘŜ ōŀǎŜǎ ŀǊŜ ǘƘŜ ǎŀƳŜύΦέ  

 

Note: When talking about the meaning of an exponential expression, it is easy to say (incorrectly) that άо5 means 3 

ƳǳƭǘƛǇƭƛŜŘ ōȅ ƛǘǎŜƭŦ р ǘƛƳŜǎΦέ   .ǳǘ ōȅ ǿǊƛǘƛƴƎ ƻǳǘ ǘƘŜ ƳŜŀƴƛƴƎΣ о5 Ґ оϊоϊоϊоϊоΣ ǎǘǳŘŜƴǘǎ Ŏŀƴ see that there are only 4 

ƳǳƭǘƛǇƭƛŎŀǘƛƻƴǎΦ {ƻ ŀ ōŜǘǘŜǊ ŘŜǎŎǊƛǇǘƛƻƴ ƛǎ άо5 ƳŜŀƴǎ р оǎ ƳǳƭǘƛǇƭƛŜŘ ǘƻƎŜǘƘŜǊΦέ 

 

Students also need to realize that these simple descriptions work only for counting- number exponents. When extending 

ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ŜȄǇƻƴŜƴǘǎ ǘƻ ƛƴŎƭǳŘŜ л ŀƴŘ ƴŜƎŀǘƛǾŜ ŜȄǇƻƴŜƴǘǎΣ ǘƘŜǎŜ ŘŜǎŎǊƛǇǘƛƻƴǎ ŀǊŜ ƭƛƳƛǘƛƴƎΥ Lǎ ƛǘ ǎŜƴǎƛōƭŜ ǘƻ ǎŀȅ άо0 

ƳŜŀƴǎ л оǎ ƳǳƭǘƛǇƭƛŜŘ ǘƻƎŜǘƘŜǊέ  ƻǊ ǘƘŀǘ άо-2 means -н оǎέΚ 

 

For example, Property 1 can be used to reason what 30 should be.  Consider the following expression and simplification:  

30ϊ35=30+5 = 35.  This computation shows that the when 30 is multiplied by 35, the result (following Property 1) should be 

35,which implies that 30 must be 1.   

 

Because this reasoning holds for any base other than 0, we can reason that 

a0 = 1 for any nonzero number a.  To make a judgment about the meaning 

of 3-4, the approach is similar: σ Ͻσ σ σ ρ.  This 

computation shows that 3-4 should be the reciprocal of 34, because their 

product is 1.  And again, this reasoning holds for any nonzero base.  Thus, 

we can reason that ὥ . 

 

Putting all of these results together, we now have the properties of integer 

exponents, shown in the chart.  

 

 

Properties of Integer Exponents 
For any nonzero real numbers a 
and b and integers n and m: 

1.  anam = a n+m 

2. (an)m = anm 

3.  anbn =  (ab)n 

4.  a0 = 1 

5.  ὥ  
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A supplemental strategy for developing meaning for integer exponents is 

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

 

The meanings of 0 and negative-integer exponents can be further explored 

in a place-value chart: 

 
 

Thus, integer exponents support writing any decimal in expanded form like 

the following: 

 

онптΦрсуҐоϊмл3Ҍнϊмл2Ҍпϊмл1Ҍтϊмл0Ҍрϊмлҍ1Ҍсϊмлҍ2Ҍуϊмлҍ3. 

 

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, enabling easy comparison.  To develop 

familiarity, go back and forth between standard notation and scientific notation for numbers near, for example, 1012 or 

10-9.  Compare numbers, where one is given in scientific notation and the other is given in standard notation.  Real-world 

problems can help students compare quantities and make sense about their relationship. 

 

Provide practical opportunities for students to flexibly move between forms of squared and cubed numbers.  For 

example, If σ ω then Ѝω σ.  This flexibility 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 Pythagorean Theorem.  The diagonal drawn has an 

irrational length of Ѝς.  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 Learning Progressions for Expressions and Equations: 

http://commoncoretools.files.wordpress.com/2011/04/ccss_progression_ee_2011_04_25.pdf 

 

Also see engageNY Modules: https://www.engageny.org/resource/grade-8-mathematics 

 

8.EE Extending the Definitions of Exponents, Variation 1  

8.EE Ants versus humans  

8.EE Raising to the zero and negative powers  

 

  

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
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Common Misconceptions: 

Students may confuse the product of powers property and the power of a power property.  Is ὼϽὼequivalent to ὼ or 

ὼ?  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 be applied 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 behind the laws of exponents. 

 

Student may incorrectly assume that the value of a number is negative when its exponent is negative. 
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Domain: Expressions and Equations (EE) 

Cluster: Work with radicals and integer exponents. 

 

Standard:  Grade 8.EE.2   

Use square root and cube root symbols to represent solutions to equations of the form x2 = p and x3 = p, where p is a 

positive rational number.  Evaluate square roots of small perfect squares and cube roots of small perfect cubes.  Know 

that Ѝς is irrational. 

 

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.   

V MP.7 Look for and make use of structure. 

 

Connections:   See Grade 8.EE.1; Grade 8.G.7; Grade 8.G.8 

 

Explanations and Examples:   

{ǘǳŘŜƴǘǎ ǊŜŎƻƎƴƛȊŜ ǘƘŀǘ ǎǉǳŀǊƛƴƎ ŀ ƴǳƳōŜǊ ŀƴŘ ǘŀƪƛƴƎ ǘƘŜ ǎǉǳŀǊŜ Ǌƻƻǘ Ҟ ƻŦ ŀ ƴǳƳōŜǊ ŀǊŜ ƛƴǾŜǊǎŜ ƻǇŜǊŀǘƛƻƴǎΤ ƭƛƪŜǿƛǎŜΣ 

cubing a number and taking the cube root Ѝ  are inverse operations.  

 

This understanding is used to solve equations containing square or cube numbers.  Equations may include rational 

numbers such as ὼ ȟὼ  έὶ ὼ  (Note: Both the numerator and denominators are perfect squares or perfect 

cubes.)  

 

Students recognize perfect squares and cubes, understanding that non-perfect squares and non-perfect 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 of p for square root and cube root equations must be positive. 

 

Examples: 

 and  

 

 and  

 

Solve  

Solution: 
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Solve  

Solution: 

 

 

 
 

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

column in the chart.  Numbers that are neither perfect squares nor perfect cubes should not be placed in the chart. 

 

 Solution: 

  
 

Use the numbers shown to make the equations true.  Each number can be used only once.   

To use a number, drag it to the appropriate box in an equation. 

 

 
 

Sample Responses: 

Equation 1:  (64, 8) Equation 1:  (100,10) 

Equation 2:  (1000,10) Equation 2:   (64,4) 

 

Ashley and Brandon have different methods for finding square roots. 

 

!ǎƘƭŜȅΩǎ aŜǘƘƻŘ 

To find the square root of x, find a number so that the product of the number and itself is x.  

For example, 2 ¶ 2 = 4, so the square root of 4 is 2. 

 

.ǊŀƴŘƻƴΩǎ aŜǘƘƻŘ 

To find the square root of x, multiply x by .  For example, τϽ ς, so the square root of 4 is 2. 

 

Which studeƴǘΩǎ ƳŜǘƘƻŘ ƛǎ not correct?  Explain why the method you selected is not correct. 

 

Sample Response: 

.ǊŀƴŘƻƴΩǎ ƳŜǘƘƻŘ ƛǎ ƴƻǘ ŎƻǊǊŜŎǘΦ 

83 =x

83 =x

33 3 8=x

2=x
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.ǊŀƴŘƻƴΩǎ ƳŜǘƘƻŘ ǿƻǊƪǎ ŦƻǊ ǘƘŜ ǎǉǳŀǊŜ Ǌƻƻǘ ƻŦ пΣ ōǳǘ ƛǘ ǿƻǳƭŘƴΩǘ ǿƻǊƪ ŦƻǊ ǘƘŜ ǎǉǳŀǊŜ Ǌƻƻǘ ƻŦ осΦ  IŀƭŦ ƻŦ ос ƛǎ муΣ 

but the square root of 36 is 6 since 6 times 6 equals 36. Ashley describes the correct way to find the square root of 

a number. 

 

Tools/Resources: 

Illustrative mathematics: 

Estimating Square Roots 

Calculating the Square Root of 2 

Placing a Square Root on the Numberline 

 

Common Misconceptions:  See Grade 8.EE.1 

  

http://www.illustrativemathematics.org/illustrations/338
http://www.illustrativemathematics.org/illustrations/764
http://www.illustrativemathematics.org/illustrations/1221
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Domain: Expressions and Equations (EE) 

Cluster: Work with radicals and integer exponents. 

 

Standard:  Grade 8.EE.3 

Use numbers expressed in the form of a single digit times an integer power of 10 to estimate very large or very small 

quantities, and to express how many times as much one is than the other. For example, estimate the population of the 

United States as σ ρπ  and the population of the world as χ ρπ, and determine that the world population is more 

than 20 times larger. 

 

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.   

 

Connections: See Grade 8.EE.1; Grade 8.G.7; Grade 8.G.8 

 

Explanations and Examples:  

Students express numbers 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 the number being expressed in scientific notation and choose an appropriate corresponding unit.   For 

example, σ ρπ is equivalent to 30 million, which represents a large quantity.  Therefore, this value will affect the unit 

chosen. 

 

Examples:   

The average distance from Jupiter to the Sun is about υ ρπ miles.  The average distance from Venus to the Sun is 

about χ ρπ.  

 

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

the Sun? 

 

Solution:  Any number between 7 and 7.143 inclusive. 

 

3908 Nyx is an asteroid between Mars and Jupiter.  Let d represent the approximate distance from 3908 Nyx to the Sun.  

The average distance from Venus to the Sun is about χ ρπ.  The average distance from Jupiter to the Sun is about υ

ρπ miles.   

 

At a certain time of year, the square distance from 3908 Nyx to 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 equation can be used to find the distance from 3908 Nyx to the Sun, d, at this time of year. 

Ὠ χ ρπ υ ρπ 

 

Solve the equation for d.  Round your answer to the nearest million. 

 

Solution:  187,000,000 
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Tools/Resources: 

8.EE Ant and Elephant  

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

8.EE Orders of Magnitude  

 

Common Misconceptions:  See Grade 8.EE.1 

  

https://www.illustrativemathematics.org/illustrations/476
https://www.illustrativemathematics.org/illustrations/1291
https://www.illustrativemathematics.org/illustrations/1593
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Domain: Expressions and Equations (EE) 

Cluster:  Work with radicals and integer exponents. 

 

Standard:  Grade 8.EE.4  

Perform operations with numbers expressed in scientific notation, including problems where both decimal and scientific 

notation are used.  Use scientific 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 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  

 

Connections:    See Grade 8.EE.1; Grade 8.NS.1 

 

Explanations and Examples:   

Students use laws of exponents to multiply 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 exponents to simplify expressions. In 

working with calculators or spreadsheets, it is important that students recognize scientific notation. Students should 

recognize that the output of ςȢτυὉ ςσ Ὥί ςȢτυρπ ὥὲὨ σȢυὉ Ὥί σȢυ ρπ .  

 

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

 

Examples: 

This headline appeared in a newspaper. 

 
 

Decide whether this headline is true using the following information. 

¶ There are about 8 ³ 103 Giantburger restaurants in America. 

¶ Each restaurant serves on average 2.5 ³ 103 people every day. 

¶ There are about 3 × 108 Americans. 

Explain your reasons and show clearly how you figured it out. 

 

Sample Response:   

If there are 8 ³ 103  Giantburger restaurants in America and each restaurant serves about 2.5 ³ 103  people every about 

day, then about  8 × 103 ẗ2.5 × 103 =20 × 106 = 2 × 107  people eat at a Giantburger restaurant every day. 

Since there are about 3 × 108 Americans, the percent of Americans who eat at a Giantburger restaurant every day can be 

computed by dividing the number of restaurant patrons by the total number of people 

ς ρπ σ ρπ
ς

σ
ρπ  



Major  Supporting  Additional  Depth Opportunities(DO) 
 

 

Since ρπ πȢπφφ, our estimate is that φ Ϸ of Americans eat a Giantburger restaurant every 

day, which is reasonably close to the claim in the newspaper. 

 

A light-year 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 light-years because it takes light about 434 years to travel from the North Star to Earth. 

 

The table lists five stars in the constellation Cassiopeia and their approximate distances, in light-years, 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 meters from Earth.   

 

Click the name of a star to highlight it. 

 

 
 

Solution:  Schedar, Ruchbah 

 

Instructional Strategies:  See Grade 8.EE.1 

 

Resources/Tools: 

See engageNY Modules: https://www.engageny.org/resource/grade-8-mathematics 

 

8.EE Giantburgers  

8.EE Ants versus humans  

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

8.EE Choosing appropriate units  

  

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
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Domain: Expressions and Equations (EE) 

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

 

Standard:  Grade 8.EE.5 

Graph proportional relationships, interpreting the unit rate as the slope of the graph. Compare two different proportional 

relationships represented in different ways.  For example, compare a distance-time graph to a distance-time equation to 

determine which of two moving objects has greater speed.   

 

Suggested Standards for Mathematical Practice (MP): 

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

V MP.2 Reason abstractly and quantitatively. 

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

V MP.4 Model with mathematics.  

V MP.5 Use appropriate tools strategically. 

V MP.6 Attend to precision 

V MP.7 Look for and make use of structure 

 

Connections:  Grade 8.F.2, , Grade 8.F.3; Grade8.F.2 

This cluster is connected to: 

¶ Grade 8 Critical Area of Focus #1:  formulating and reasoning about expressions and equations, including 

modeling an association in bivariate data with a linear equation, and solving linear equations and systems of 

linear equations  

¶ Critical Area of Focus #3:  analyzing two- and three-dimensional space and figures using distance, angle, 

similarity, and congruence, and understanding and applying the Pythagorean Theorem. 

 

Explanations and Examples:  8.EE.5 

Students build on their work with unit rates from 6th grade and proportional relationships in 7th grade to compare 

graphs, tables and equations of proportional relationships.  Students identify the unit rate (or slope) 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. Students are expected to both sketch and interpret graphs. 
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Examples: 

Compare the scenarios to determine which represents a greater speed. Include a description of each scenario including 

the unit rates in your explanation. 

 

 Scenario 1:  Scenario 2:     

  
 

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. 

 
 

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

saved. 
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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 equation, S is the total amount of money saved, in dollars, and w is the number of weeks. 

S = 2.5w 

 

Identify the student who saved the greatest amount of money each week and the 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 focuses on 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 fractions 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 students 

should have developed an informal understanding that the 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 cluster, they 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.  Then compare the same 

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 to y = mx for a line through the 

origin and y = mx + b for a line through the vertical axis at b. 

 

Resources/Tools: 

Also see engageNY Modules: https://www.engageny.org/resource/grade-8-mathematics 

 

8.EE Find the Change  

8.EE Equations of Lines  

8.EE DVD Profits, Variation 1  

8.EE Proportional relationships, lines, and linear 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 Has the Best Job?  

8.EE Comparing Speeds in Graphs and Equations 

8.EE Sore Throats, Variation 2  

8.EE Stuffing Envelopes   

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
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Domain: Expressions and Equations (EE) 

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

 

Standard:  Grade 8.EE.6   

Use similar triangles to explain why the slope m is the same between any two distinct points on a non-vertical line in the 

coordinate plane; derive the equation y = mx for a line through the origin and the equation y = mx + b for a line 

intercepting the vertical axis at b. 

 

Suggested Standards for Mathematical Practice (MP): 

V MP.1 Solve problems and persevere in solving them. 

V MP.2 Reason abstractly and quantitatively.   

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

V MP.4 Model with mathematics        

V MP.5 Use appropriate tools strategically.   

V MP.6 Attend to precision   

V MP.7 Look for and make use of structure.   

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

 

Connections:    See Grade 8.EE.5;  Grade 8.F.3; Grade 8.G.4; Grade 8.EE.5 

 

Explanations and Examples: 

Triangles are similar when there is a constant rate of proportion between them.  Using a graph, students construct 

triangles between two points on a line and compare the sides to understand that the slope (ratio of rise to run) 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 4 and a horizontal length of 6. 

The simplified ratio of the vertical height to the horizontal length  

of both triangles is 2 to 3, which also represents a slope of 2/ 3for the line. 

 
Students write equations in the form y = mx for lines going through the origin, recognizing that m represents the slope of 

the line.  Students write equations in the form y = mx + b for lines not passing through the origin, recognizing that m 

represents the slope and b represents the y-intercept. 
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Examples: 

Explain why  is similar to , and deduce that has the same slope as .   

Express each line as an equation. 

 

 
 

aǊΦ tŜǊǊȅΩǎ ǎǘǳŘŜƴǘǎ ǳǎŜŘ ǇŀƛǊǎ ƻŦ Ǉƻƛƴǘǎ ǘƻ ŦƛƴŘ ǘƘŜ ǎƭƻǇŜǎ ƻŦ ƭƛƴŜǎΦ aǊΦ tŜǊǊȅ ŀǎƪŜŘ !ǾŜǊȅ Ƙƻǿ ǎƘŜ ǳǎŜŘ ǘƘŜ ǇŀƛǊǎ ƻŦ 

points listed in this table to find the slope of a line. 

 

 
 

!ǾŜǊȅ ǎŀƛŘΣ ά¢ƘŜ ŜŀǎƛŜǎǘ ǿŀȅ ǘƻ ŦƛƴŘ ǘhe slope is to divide y by x.  The slope of this line is or Φέ 

 

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 

ŘƛŦŦŜǊŜƴǘ ǘƘŀƴ !ǾŜǊȅΩǎ ǿŀȅΦ 

 

Part B 

Write an example that ǎƘƻǿǎ ǘƘŀǘ !ǾŜǊȅΩǎ άŘƛǾƛŘŜ y by xέ ƳŜǘƘƻŘ ǿƛƭƭ ƴƻǘ ǿƻǊƪ ǘƻ ŦƛƴŘ ǘƘŜ ǎƭƻǇŜ ƻŦ any line. 

 

Sample Response: 

 
 

Instructional Strategies:  See Grade 8.EE.5 

  

ACBD DFED AB BE
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Resources/Tools: 

Also see engageNY Modules: https://www.engageny.org/resource/grade-8-mathematics 

 

8.EE Slopes Between Points on a Line   

https://www.engageny.org/resource/grade-8-mathematics
https://www.illustrativemathematics.org/illustrations/1537
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Domain: Expressions and Equations (EE) 

Cluster:  Analyze and solve linear equations and pairs of simultaneous linear equations. 

 

Standard:  Grade 8.EE.7 

Solve linear equations in one variable. 

a. Give examples of linear equations in one variable with one solution, infinitely many solutions, or no solutions.  

Show which of these 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). 

b. Solve linear equations with rational number coefficients, including equations whose solutions require expanding 

expressions using the distributive property and collecting like terms.   

 

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.   

V MP.7 Look for and make use of structure.   

 

Connections:    Grade 8.F.3; Grade 8.NS.1 

This cluster is connected to: 

¶ Grade 8 Critical Area of Focus #1:  Formulating and reasoning about expressions and equations, including 

modeling an association in bivariate data with a linear equation, and solving linear equations and systems of 

linear equations.  

¶ This cluster also builds upon the understandings in Grades 6 and 7 of Expressions and Equations, Ratios and 

Proportional Relationships, and utilizes the skills developed in the previous grade in The Number System. 

 

Explanations and Examples: 

Students solve one-variable equations with the variables being on both sides of the equals sign.  Students recognize that 

the solution 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 variables do not cancel out. For example, 10x ς 23 = 29 ς 3x can be solved to x = 

4.  This means that when the value of x is 4, both sides will be equal.  If each side of the equation were treated as a 

linear equation and graphed, the solution of the equation represents the coordinates of the point where the two lines 

would intersect.   In this example, the ordered pair would be (4, 17): 

ρπϽτ ςσ ςωσϽτ 

τπςσ ςωρς 

ρχ ρχ 

 

Equations having no solution have variables that will cancel out and constants that are not equal. This means that there 

is not a value that can be substituted for x that will make the sides equal. For example, the equation -x + 7 ς 6x = 19 ς 7x, 

can be simplified to -7x + 7 = 19 ς 7x.  If 7x is added to each side, the resulting equation is 7 = 19, which is not true. No 

matter what value is substituted for x the final result will be 7 = 19. If each side of the equation were treated as a linear 

equation and graphed, the lines would be parallel. 
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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. For example, the following equation, when simplified will give the same values on both sides.        

ρ

ς
σφὥ φ

σ

τ
τ ςτὥ 

ρψὥ σ σ ρψὥ 

 

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 equations in one 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 as in 12-4y=16. The only 

value for y that makes this equation true is -1. 

 

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

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

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

substitution. 

 

Examples: 

Solve for x: 

 

 

 
 

Solve: 

 

 
 

  

4)7(3 =+- x

8483 -=- xx

235)1(3 -=-+ xx

7)3(7 =-m

yy
3

1

4

3

3

2

4

1
-=-
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For each linear equation in this table, indicate whether the equation has no solution, one solution, or infinitely many 

solutions. 

 
 

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 solution. Students may think there is no difference between adding 15 on the left-hand side and subtracting 

15 on the right-hand side. 

3. One solution. Students may think there are infinitely many solutions because the left-hand side is the negative 

of the right-hand side. 

 

Three students solved the equation 3(5x ς 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.   

 

 

 

 

 

B. 

 

 

 

 

 

 

           C. 

 

 

 

 

 

 

  

Sample Response: 
A. This solution is the simplest to follow, but the method is 

incorrect. 
 

B. Although the method in this solution is correct, it is not the 
most commonly used method for solving equations like this, 
so students may think it is incorrect. 

 

C. Although the method in this solution is correct, it is not the 
most commonly used method for solving equations like this, 
so students may think it is incorrect. 
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Consider the equation 3(2x + 5) = ax + b 

Part A 

Find one value for a and one value for b so that there is exactly one value of x that makes the equation true.  Explain 

your reasoning. 

 

Part B 

Find one value for a and one value for b so that there are infinitely many values of x that make the equation true.  

Explain your reasoning. 

 

Sample Response: 

Part A 

a = 5; b = 16     When you substitute these numbers in for a and b, you get a solution of x = 1. 

 

Part B 

a=6; b = 15;  When you substitute these numbers in for a and b, 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 solutions, 

building on the fact that solutions maintain equality, and that equations may have only one solution, many solutions, or 

no solution at all.  Equations with many solutions may be as simple as  

σὼ σὼȟσὼ υ ὼ ς ὼ ὼ σȟέὶ ὼφ τ 

where both sides of the equation are equivalent once each side is simplified. 

 

Table 3 in the Appendix (pg.97) generalizes the properties of operations and serves 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 other words, students should be 

able to state that 3(-5) = (-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 multiplication over 

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 students to connect mathematical analysis with real-life 

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 about the solutions.  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 needed to put a border 

around a rectangular space or solving proportional problems as in doubling recipes, help ground the abstract symbolism 

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 
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problems increases.  Equation-solving 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 from graphing unit rates in Grade 6 and graphing 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 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 with solutions 

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 situations 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 that 

finding one point of intersection is the single 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 continued: 

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. 

 

Problems such as, ά5ŜǘŜǊƳƛƴŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƳƻǾƛŜǎ ŘƻǿƴƭƻŀŘŜŘ ƛƴ ŀ ƳƻƴǘƘ  ǘƘŀǘ  ǿƻǳƭŘ ƳŀƪŜ ǘƘŜ Ŏƻǎǘǎ ŦƻǊ ǘǿƻ ǎƛǘŜǎ 

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  

ƳƻƴǘƘƭȅ ŦŜŜέΦ 

 

Students write the equations letting y = the total charge and x = the number of movies. 

 Site A: y = 1.25x + 6 Site B: y = 2x 

 

Students graph the solutions for each of the equations by finding ordered pairs that are solutions and representing them 

in a t-chart.  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 problem, commenting 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 relationships between 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 not intersecting, parallel, 

lines that do not have common solutions. 

 

System-solving in Grade 8 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 equations. 

 

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

 

Resources/Tools: 

See engageNY Modules: https://www.engageny.org/resource/grade-8-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 = a 

constant as a solution. The variable is always on the left side of the equation. 

 

Equations are not always in the slope intercept form, y=mx+b.  Students confuse one-variable and two-variable 

equations. 

  

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
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Domain: Expressions and Equations (EE) 

Cluster:  Analyze and solve linear equations and pairs of simultaneous linear equations. 

 

Standard:  Grade 8.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 points of 

intersection of their 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 example, σὼ ςώ υ ὥὲὨ σὼ ςώ φ have no solution 

because σὼ ςώ  cannot simultaneously be 5 and 6. 

c. Solve real-world and mathematical problems leading to two linear equations in two variables.   

For example, given coordinates for two pairs of points, determine whether the line through the first pair of points 

intersects the line through the second pair. 

 

Suggested Standards for Mathematical Practice (MP): 

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

V MP.2 Reason abstractly and quantitatively  

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

V MP.4 Model with mathematics.    

V MP.5 Use appropriate tools strategically.  

V MP.6 Attend to precision. 

V MP.7 Look for and make use of structure. 

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

 

Connections: See Grade 8.EE.7 

 

Explanations and Examples:   

Systems of linear equations can also have one solution, infinitely many solutions or no solutions.  Students will discover 

these cases as they graph systems of linear equations and solve them algebraically. 

 

Systems of linear equations can also have one solution, infinitely many solutions or no solutions.  Students will discover 

these cases as they graph systems of linear equations and solve them algebraically. 

 

By making connections between 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/fractions. 

 

Examples: 

Find x and y using elimination and then using substitution. 

σὼ τώ χ 

ςὼ ψώ ρπ 
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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. 

 

Let W = number of weeks 

Let H = height of the plant after 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 10 (2,10) 

3 10 (3,10)  3 14 (3,14) 

 

Given each set of coordinates, graph their corresponding lines. 

 

Solution: 

 

 

 

 

 

 

 

 

Write an equation that represent the growth rate of Plant A and Plant B.  

 

Solution: 

Plant A:  Ὄ ςὡ τ 

Plant B:  Ὄ τὡ ς 

 

At which week will the plants have the same height? 

 

Solution: 

The plants have the same height after one week. 

Plant A Plant B 

Ὄ ςὡ τ Ὄ τὡ ς 

Ὄ ςρ τ Ὄ τρ τ 

Ὄ φ Ὄ φ 

 

After one week, the height of Plant A and Plant B are both 6 inches. 
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The graphs of line a and line b are shown on this coordinate grid. 

 
 

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

 

The equation of line a is  

 . 

The equation of line b is   

 

 

Solution:  The equation of line a is y Ґ ҍнx + 3. 

                   The equation of line b is y = 3x ҍ 2. 

 

 

Line a is shown on the coordinate grid. Construct line b on the coordinate grid so that 

¶ line a and line b represent a system of linear equations with a solution of (7, ς2) 

¶ the slope of line b is greater than ς1 and less than 0 

¶ the y-intercept of line b is positive 

 Sample Response: 
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Instructional Strategies:   

This cluster builds on the informal understanding of slope from graphing unit rates in Grade 6 and graphing 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 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 with solutions 

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 situations 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 that 

finding one point of intersection is the single 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. 

 

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. 

 

tǊƻōƭŜƳǎ ǎǳŎƘ ŀǎΣ ά5ŜǘŜǊƳƛƴŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƳƻǾƛŜǎ ŘƻǿƴƭƻŀŘŜŘ ƛƴ ŀ ƳƻƴǘƘ  ǘƘŀǘ  ǿƻǳƭŘ ƳŀƪŜ ǘƘŜ Ŏƻǎǘǎ ŦƻǊ ǘǿƻ ǎƛǘes 

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  

ƳƻƴǘƘƭȅ ŦŜŜΦ 

Students write the equations letting y = the total charge and x = the number of movies. 

 Site A: y = 1.25x + 6  Site B: y = 2x 

 

Students graph the solutions for each of the equations by finding ordered pairs that are solutions and representing them 

in a t-chart.  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 problem, commenting 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 relationships between 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 not intersecting, parallel, 

lines that do not have common solutions. 

 

System-solving in Grade 8 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 equations. 

 

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

compare equations.   
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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  

 

ά/ŀǊŀΩǎ /ŀƴŘƭŜǎ ŀƴŘ 5±5ΩǎέΣ DŜƻǊƎƛŀ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ŘǳŎŀǘƛƻƴΦ  

Students are given two tasks; both require writing two equations and solving the resulting system of equations. 

 

Also see engageNY Modules: https://www.engageny.org/resource/grade-8-mathematics 

 

Common Misconceptions:  See Grade 8.EE.7   

  

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
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Domain: Functions (F) 

Cluster:  Define, evaluate, and compare functions. 

 

Standard:  Grade 8.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 the corresponding output. (Function notation is not required in Grade 8.) 

 

Suggested Standards for Mathematical Practice (MP): 

V MP.1 Solve problems and persevere in solving them. 

V MP.2 Reason abstractly and quantitatively.  

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

V MP.4 Model with mathematics        

V MP.5 Use appropriate tools strategically.   

V MP.6 Attend to precision   

V MP.7 Look for and make use of structure.  

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

 

Connections:     

This Cluster is connected to: 

¶ Grade 8 Critical Area of Focus #2:  Grasping the concept of a function and using functions to describe 

quantitative relationships.   

¶ 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.   

¶ Geometry: Similar triangles are used to show that the slope of a line is constant. Statistics and Probability: 

Bivariate data can often be modeled by a linear function. 

 

Explanations and Examples:   

Students distinguish between functions and non-functions, using equations, graphs, and tables.  Non- functions occur 

when there is more than one y-value is associated with any x-value.   

 

For example, the rule that takes x as input and gives ὼ υὼ τ as output is a function. Using y to stand for the output 

we can represent this function with the equation ώ ὼ υὼ τ, and the graph of the equation is the graph of the 

function. Students are not yet expected use function notation such as Ὢὼ ὼ υὼ τ. 

 

Examples: 

Fill in each x-value and y-value in the table below to create a relation that is not a function. 

   Sample Response: 

x y  x y 

   4 0 

   4 1 

   4 2 

   4 3 

   4 4 
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Point A is plotted on the xy-coordinate plane below. You must determine the location of point C given the following 

criteria: 

¶ Point C has integer coordinates. 

¶ The graph of line  ὃὅᴆ is not a function. 

 

Place a point on the xy-coordinate plane that could represent point C. 

 

 

 

 

 

 

 

 

 

 

Instructional Strategies:   

In grade 6, students plotted points in all four quadrants of the coordinate plane.  They also represented and analyzed 

quantitative relationships between dependent and independent variables.  In Grade 7, students decided whether two 

quantities 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 of a broader 

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 expected to reason from a context, a 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, stuŘŜƴǘǎ ǎƘƻǳƭŘ ǇǊƻŘǳŎŜ ŀ ŎƻǳƴǘŜǊŜȄŀƳǇƭŜΥ ŀƴ άƛƴǇǳǘ ǾŀƭǳŜέ  ǿƛǘƘ ŀǘ ƭŜŀǎǘ ǘǿƻ άƻǳǘǇǳǘ ǾŀƭǳŜǎΦέ  LŦ ǘƘŜ 

relationship is a function, the students should explain how they verified that for each input there was exactly one 

ƻǳǘǇǳǘΦ  ¢ƘŜ άǾŜǊǘƛŎŀƭ ƭƛƴŜ ǘŜǎǘέ ǎƘƻǳƭŘ be avoided because (1) it is too easy to apply without thinking, (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 whether x might be a function of y. 

 

άCǳƴŎǘƛƻƴ ƳŀŎƘƛƴŜέ ǇƛŎǘǳǊŜǎ ŀǊŜ ǳǎŜŦǳƭ ŦƻǊ ƘŜƭǇƛƴƎ ǎǘǳŘŜƴǘǎ ƛƳŀƎƛƴŜ ƛƴǇǳǘ ŀƴŘ ƻǳǘǇǳǘ ǾŀƭǳŜǎΣ ǿƛǘƘ ŀ ǊǳƭŜ ƛƴǎƛŘŜ ǘƘŜ 

machine by which the output value is determined from the input. 

 

Notice that the standards explicitly call for exploring functions numerically, graphically, verbally, and algebraically 

(symbolicŀƭƭȅΣ ǿƛǘƘ ƭŜǘǘŜǊǎύΦ  ¢Ƙƛǎ ƛǎ ǎƻƳŜǘƛƳŜǎ ŎŀƭƭŜŘ ǘƘŜ άǊǳƭŜ ƻŦ ŦƻǳǊΦέ  CƻǊ ŦƭǳŜƴŎȅ ŀƴŘ ŦƭŜȄƛōƛƭƛǘȅ ƛƴ ǘƘƛƴƪƛƴƎΣ ǎǘǳŘŜƴǘǎ 

need experiences translating among these.  In Grade 8, the focus is on linear functions, and students begin to recognize 

a linear function from its form y = mx + b.  Students also need experiences with nonlinear functions, including functions 

ƎƛǾŜƴ ōȅ ƎǊŀǇƘǎΣ ǘŀōƭŜǎΣ ƻǊ ǾŜǊōŀƭ ŘŜǎŎǊƛǇǘƛƻƴǎ ōǳǘ ŦƻǊ ǿƘƛŎƘ ǘƘŜǊŜ ƛǎ ƴƻ ŦƻǊƳǳƭŀ ŦƻǊ ǘƘŜ ǊǳƭŜΣ ǎǳŎƘ ŀǎ ŀ ƎƛǊƭΨǎ ƘŜƛƎƘǘ ŀǎ ŀ 

function of her age. 

 

In the elementary grades, students explore number and shape patterns (sequences), and they use rules for finding the 

Sample Responses: 

(3, 5) , (3, 4) , (3, 3) , (3, мύ Σ όоΣ лύ Σ όоΣ ҍмύ Σ όоΣ ҍнύ Σ 
όоΣ ҍоύ Σ όоΣ ҍпύ Σ ƻǊ όоΣ ҍрύ 



Major  Supporting  Additional  Depth Opportunities(DO) 
 

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 finding the nth 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 and cubic 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, 

ǿƘŜǘƘŜǊ ƛǘ ƛǎ ǊŜŀǎƻƴŀōƭŜ ǘƻ άŎƻƴƴŜŎǘ ǘƘŜ Řƻǘǎέ ƻƴ ǘƘŜ ƎǊŀǇƘΦ  Lƴ ǎƻƳŜ contexts, the inputs are discrete, and connecting 

the dots can be misleading.  For example, if a function is used to model the height of a stack of n paper cups, it does not 

make sense to have 2.3 cups, and thus there will be no ordered pairs between n = 2 and n = 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.  Illustrate 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 different-size squares and identify that one relationship 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 information see Learning Progressions Functions: 

http://commoncoretools.me/wp-content/uploads/2013/07/ccss_progression_functions_2013_07_02.pdf 

 

Also see engageNY Modules: https://www.engageny.org/resource/grade-8-mathematics 

 

F-IF 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. 

 

{ǘǳŘŜƴǘǎ Ƴŀȅ ƳƛǎǘŀƪŜƴƭȅ ōŜƭƛŜǾŜ ǘƘŀǘ ŀ ǎƭƻǇŜ ƻŦ ȊŜǊƻ ƛǎ ǘƘŜ ǎŀƳŜ ŀǎ άƴƻ ǎƭƻǇŜέ ŀƴŘ ǘƘŜƴ ŎƻƴŦǳǎŜ ŀ ƘƻǊƛȊƻƴǘŀƭ ƭƛƴŜ όǎƭƻǇŜ 

of zero) with a vertical line (undefined slope). 

 

/ƻƴŦǳǎŜ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ άŘƻƳŀƛƴέ ŀƴŘ άǊŀƴƎŜέ ƻŦ ŀ ŦǳƴŎǘƛƻƴΦ 

 

Some students will mix up x- and y-axes on the coordinate plane, or mix up the ordered pairs.  When emphasizing that 

the first value is plotted on the horizontal axes (usually x, with positive to the right) and the second is the vertical axis 

(usually called y, 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. 

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
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Domain: Functions (F) 

Cluster:  Define, evaluate, and compare functions. 

 

Standard:  Grade 8.F.2     

Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in 

tables, or by verbal descriptions).  For example, given a linear 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): 

V MP.1 Solve problems and persevere in solving them. 

V MP.2 Reason abstractly and quantitatively.   

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

V MP.4 Model with mathematics        

V MP.5 Use appropriate tools strategically.   

V MP.6 Attend to precision    

V MP.7 Look for and make use of structure.    

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

 

Connections:    See Grade 8.F.1; Grade 8.EE.5 

 

Explanations and Examples:   

Students compare functions from different representations.   

 

For example, compare the following functions to determine which has the greater rate of change:      

 

Function 1:  ώ ςὼ τ 

 

 

 

 

 

 

  

Function 2: (table) 

x y 
-1 -6 
0 -3 
2 3 
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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 input x and output y 

 are related by:  ώ σὼ χ 

 
 

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.  Let y be the 

amount remaining as a function of the number of weeks, x. 

 

 

 

 

 

 

Function 2: 

The school bookstore rents graphing calculators for $5 per month.  It also collects a non-refundable fee of $10.00 for the 

school year.  Write the rule for the total cost (c) of renting a calculator as a function of the number of months (m). 

 

Solution: 

Function 1 is an example of a function whose graph has negative slope. Samantha starts with $20 and spends money 

each week. The amount of money left on the gift card decreases each week.  The graph has a negative slope of -3.5, 

ǿƘƛŎƘ ƛǎ ǘƘŜ ŀƳƻǳƴǘ ǘƘŜ ƎƛŦǘ ŎŀǊŘ ōŀƭŀƴŎŜ ŘŜŎǊŜŀǎŜǎ ǿƛǘƘ {ŀƳŀƴǘƘŀΨǎ ǿŜŜƪƭȅ ƳŀƎŀȊƛƴŜ ǇǳǊŎƘŀǎŜΦ  

 

Function 2 is an example of a function whose graph has positive slope. Students pay a yearly nonrefundable fee for 

renting the calculator and pay $5 for each month they rent the calculator.  This function has a positive slope of 5 which is 

the amount of the monthly rental fee.  An equation for Function 2 could be c = 5m + 10. 
 

Instructional Strategies:  See Grade 8.F.1 

 

Resources/Tools: 

8.F Battery Charging 

 

Common Misconceptions:  See Grade 8.F.1 

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

https://www.illustrativemathematics.org/illustrations/641
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Domain: Functions (F) 

Cluster:  Define, evaluate, and compare functions. 

 

Standard:  Grade 8.F.3     

Interpret the equation y = 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 = s2 giving the area of a square as a function 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.  

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

V MP.4 Model with mathematics        

V MP.5 Use appropriate tools strategically.   

V MP.6 Attend to precision     

V MP.7 Look for and make use of structure.    

 

Connections:    See Grade 8.F.1; Grade 8.EE.5; Grade 8.EE7a; Grade 8.EE.5; Grade 8.EE.7 

 

Explanations and Examples:   

Students use equations, graphs and tables to categorize functions as linear or non-linear.  Students recognize that points 

on a straight line will have the same rate of change between any two of the points. 

 

Examples: 

Determine which of the functions listed below are linear and which are not linear and explain your reasoning. 

¶ y = -2x2 + 3 non linear 

¶ y = 2x linear 

¶ A Ґ ˉǊн non linear 

¶ y = 0.25 + 0.5(x ς 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 population increases 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. 
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Part B 

{ǘŀǘŜ ǿƘŜǘƘŜǊ {ŀƳƛǊΩǎ ŜȄŀƳǇƭŜ ǊŜǇǊŜǎŜƴǘǎ ŀ ƭƛƴŜŀǊ ŦǳƴŎǘƛƻƴŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇΦ  9ȄǇƭŀƛƴ ȅƻǳǊ Ǌeasoning. 

 

Sample Response: 

 

Part A 

Year Population of a Certain County 

0 100,000 
1 110,000 
2 121,000 
3 133,100 
4 146,410 

 

Part B 

{ŀƳƛǊΩǎ ŜȄŀƳǇƭŜ ƛǎ ƴƻǘ ŀ ƭƛƴŜŀǊ ŦǳƴŎǘƛƻƴŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇΦ  ¢ƘŜ ǇƻǇǳƭŀǘƛƻƴ ŘƻŜǎ ƴƻǘ ƛƴŎǊŜŀǎŜ ōȅ ǘƘŜ ǎŀƳŜ ŀƳƻǳƴǘ ŜŀŎƘ ȅŜŀǊΣ 

so the relationship is not linear. 

 

Instructional Strategies:  See Grade 8.F.1 

 

Resources/Tools: 

Also see engageNY Modules: https://www.engageny.org/resource/grade-8-mathematics 

 

8.F Introduction to Linear Functions 

 

Common Misconceptions:  See Grade 8.F.1 

  

https://www.engageny.org/resource/grade-8-mathematics
https://www.illustrativemathematics.org/illustrations/813
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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 (x, y) 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 persevere in solving them. 

V MP.2 Reason abstractly and quantitatively.     

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

V MP.4 Model with mathematics        

V MP.5 Use appropriate tools strategically.   

V MP.6 Attend to precision   

V MP.7 Look for and make use of structure.  

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

 

Connections:  Grade 8.SP.2; Grade 8.SP.3; Grade 8.EE.5 

 

This Cluster is connected to: 

¶ Grade 8 Critical Area of Focus #2:  Grasping the concept of a function and using functions to describe 

quantitative relationships.   

¶ 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.   

¶ Geometry: Similar triangles are used to show that the slope of a line is constant.  

¶ 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 value (y-intercept) from tables, graphs, equations or verbal 

descriptions. 

 

Students recognize that in a table the y-intercept is the y-value when x is equal to 0.  The slope can the determined by 

finding the ratio  between the change in two y-values and the change between the two corresponding x-values. 

 

The y-intercept in the table below would be (0, 2).  The distance between 8 and -1 is 9 in a negative direction is -9; the 

distance between -2 and 1 is 3 in a positive direction.  The slope is the ratio of rise to run or  or σ 

x y 
-2 8 
0 2 
1 -1 
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Using graphs, students identify the y-intercept as the point where the line crosses the y-axis and the slope as the rise, 

run. 

In a linear equation the coefficient of x is the slope and the constant is the y-intercept.  Students need to be given the 

equations in formats other than y = mx + b, such as y = ax + b (format from graphing calculator), y = b + mx (often the 

format from contextual situations), etc.  Note that point-slope form and standard forms are not expectations at this 

level. 

 

In contextual situations, the y-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 

ocŎǳǊ ƻǾŜǊ ȅŜŀǊǎΦ  Lƴ ǘƘŜǎŜ ǎƛǘǳŀǘƛƻƴǎ ƛǘ ƛǎ ƘŜƭǇŦǳƭ ŦƻǊ ǘƘŜ ȅŜŀǊǎ ǘƻ ōŜ άŎƻƴǾŜǊǘŜŘέ  ǘƻ лΣ мΣ нΣ ŜǘŎΦ  CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ȅŜŀǊǎ 

of 1960, 1970, and 1980 could be represented as 0 (for 1960), 10 (for 1970) and 20 (for 1980). 

 

Students use the slope and y-intercepts to write a linear function in the form y = 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 y-intercept in the context of the given 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-

ǘƛƳŜ Ϸнр ŦŜŜ ŦƻǊ ǘƘŜ ŎŀǊΨǎ ƴŀǾƛƎŀǘƛƻƴ ǎȅǎǘŜƳ όDt{ύΦ  ²ǊƛǘŜ ŀƴ ŜȄǇǊŜǎǎƛƻƴ ŦƻǊ ǘƘŜ Ŏƻǎǘ ƛƴ ŘƻƭƭŀǊǎΣ c, as a function of the 

number of days, d. 

 

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

 

Days (d) Cost (c) in dollars 

1 70 

2 115 

3 160 

4 205 

 

Students should recognize that the rate of change is 45 (the cost 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 will 

help students model contextual situations. 

 

When scuba divers come back to the 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 equation d = 0.75t ς 100 shows the relationship between the time of the ascent in seconds (t) and the distance from 

the surface in feet (d). 

 

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 and the corresponding distance of the divers from the surface.  Explain 

what your table shows.  How do the values in the table relate to your equation? 
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31  

 

You work for a video streaming company that has two plans to choose from: 

Plan 1:  A flat rate of $7 per month 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. 

c. How much 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 by a linear function since the constant rate per video indicates a linear relationship. 

b. We let C1 be the total cost per month of Plan 1, C2 the total cost per month of Plan 2, and V the number of 

videos viewed in a month.  

Then  C1(V)  =  7 + 2.5V 

 C2(V)  = 4V 

c. 3 videos on Plan 1:  C1(3)=7+2.5(3)=$14.50  

5 videos on Plan 1:  C1(5)=7+2.5(5)=$19.50  

3 videos on Plan 2:  C2(3)=4(3)=$12  

5 videos on Plan 2:  C2(5)=4(5)=$20  

d. Plan 1 costs less than Plan 2 for 5 or fewer videos per month.  A customer who watches more than 5 videos 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 comparison. 

 

Students will need many opportunities and examples to figure out the meaning of y = mx + b. 

 

What does m mean?  What does b ƳŜŀƴΚ  ¢ƘŜȅ ǎƘƻǳƭŘ ōŜ ŀōƭŜ ǘƻ άǎŜŜέ m and b in graphs, tables, and formulas or 

equations, and they need to be able to interpret those values in contexts.  For example, if a function is used to model 

the height of a stack of n paper cups, then the rate of change, m, which is the slope of the graph, is the height of the 

άƭƛǇέ ƻŦ ǘƘŜ ŎǳǇΥ  ǘƘŜ ŀƳƻǳƴǘ ŜŀŎƘ ŎǳǇ ǎǘƛŎƪǎ ŀōƻǾŜ ǘƘŜ ƭƻǿŜǊ ŎǳǇ ƛƴ ǘƘŜ ǎǘŀŎƪΦ  ¢ƘŜ άƛƴƛǘƛŀƭ ǾŀƭǳŜέ ƛƴ ǘƘƛǎ ŎŀǎŜ ƛǎ ƴƻǘ ǾŀƭƛŘ 

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 of b Ŏŀƴ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ŀǎ ǘƘŜ ƘŜƛƎƘǘ ƻŦ ǘƘŜ άōŀǎŜέ ƻŦ ǘƘŜ ŎǳǇΥ  ǘƘŜ ƘŜƛƎƘǘ ƻŦ ǘƘŜ ǿƘƻƭŜ ŎǳǇ 

minus its lip. 

 

Use graphing calculators and web resources to explore linear and non-linear functions.  Provide context as much as 

possible to build understanding of slope and y-intercept in a graph, especially for 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 and symbolically represent the patterns.  They also need 

opportunities to draw graphs (qualitatively, based upon experience) representing real-life situations with which they are 

familiar.  Probe student thinking by asking them to determine which input values make 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 students to sort a 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 function as linear or 

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 attention to not just the change in x or y, 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 value, 

functional relationship, qualitative, linear, non-ƭƛƴŜŀǊΦ ¦ǎŜ ƻŦ ŀ άǿƻǊŘ ǿŀƭƭέ ƻǊ άƳƛƴŘ ƳŀǇέ ǿƛƭƭ ƘŜƭǇ ǊŜƛƴŦƻǊŎŜ ǾƻŎŀōǳƭŀǊȅΦ 

 

Resources/Tools: 

8-F Modeling with a Linear Function 

8.F Heart Rate Monitoring  

8.G Downhill  

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  

 

άLǎ ƛǘ CŀƛǊΚέ, Georgia  Department of Education.  

SǘǳŘŜƴǘǎ Ǉƭŀȅ ǘƘŜ ƎŀƳŜ άLǎ Lǘ CŀƛǊΚέ ŀƴŘ ǊŜŎƻǊŘ ǘƘŜƛǊ ƛƴŦƻǊƳŀǘƛƻƴ ǳǎƛƴƎ ǇǊƻōŀōƛƭƛǘȅ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ǘƘŜȅ ŦŜŜƭ ǘƘŜ 

game is fair or not. Predictions   are made before the game begins. Based on their trials, students determine all 

outcomes, create tree diagrams and determine the theoretical chance of winning for each player. 

 

See Dan Meyer [Ŝǎǎƻƴ ά[ƛƴŜŀǊ CǳƴŎǘƛƻƴΥ Stacking Cups 

 

  

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
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Common Misconceptions:   

Students often confuse a recursive rule with an explicit formula 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 as y = x + 2 instead of realizing that this means y = 2x + 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 types of reasoningτand both types of 

formulasτare 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 values are 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 that 

they do not overgeneralize from the easier examples. 

 

Some students may not pay attention to the scale on a graph, assuming that the scale units are ŀƭǿŀȅǎ άƻƴŜΦέ   

 

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 incorrectlȅ ōŜŎŀǳǎŜ ǘƘŜȅ ŘƻƴΨǘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŀǘ x usually represents the independent variable and 

y represents the dependent variable.  Emphasize that this is a convention that makes it easier to communicate. 
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Domain: Functions (F) 

Cluster:  Use functions to model relationships between quantities. 

 

Standard:  Grade 8.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 that exhibits the qualitative features of a function that 

has been described verbally. 

 

Suggested Standards for Mathematical Practice (MP): 

V MP.2 Reason abstractly and quantitatively. 

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

V MP.4 Model with mathematics. 

V MP.5 Use appropriate tools strategically. 

V MP.6 Attend to precision. 

V MP.7 Look for and make use of structure.  

 

Connections:  See Grade 8.F.4 

 

Explanations and Examples:   

Given a verbal description of a situation, students sketch a graph to 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: 

 

The graph bŜƭƻǿ ǎƘƻǿǎ ŀ ǎǘǳŘŜƴǘΨǎ ǘǊƛǇ ǘƻ ǎŎƘƻƻƭΦ ¢Ƙƛǎ ǎǘǳŘŜƴǘ ǿŀƭƪǎ ǘƻ Ƙƛǎ ŦǊƛŜƴŘΨǎ ƘƻǳǎŜ ŀƴŘΣ together, they ride a bus 

to school.  The bus stops once before arriving at school. 

 

Describe how each part A-E of the graph relates to the story. 

 
 

  



Major  Supporting  Additional  Depth Opportunities(DO) 
 

Below are two graphs that 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 

ǎƻƳŜƻƴŜ ǿƘƻ ƻōǎŜǊǾŜǎ ǘƘŜ ŎŀǊΩǎ ƳƻǾŜƳŜnt would see in each case.  

 

 
 

Sample Responses: 

For a velocity function, output values tell us how fast the car is moving. For the distance function, output values tell us 

Ƙƻǿ ŦŀǊ ŦǊƻƳ ƘƻƳŜ ǘƘŜ ŎŀǊ ƛǎΦ {ƛƴŎŜ ǿŜ ŘƻƴΩǘ ƘŀǾŜ ǎŎŀƭŜǎ ƻƴ ŜƛǘƘŜǊ ŀȄƛǎΣ ǿŜ ŎŀƴΩǘ ǘalk about specific values of time, 

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 maintaining 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 constant 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, which probably means it has come to a stop for awhile.*  Then 

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 a while* before 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. 

 

/ŀǊƭŀ ǊƻŘŜ ƘŜǊ ōƛƪŜ ǘƻ ƘŜǊ ƎǊŀƴŘƳƻǘƘŜǊΩǎ ƘƻǳǎŜΦ ¢ƘŜ Ŧƻllowing information describes her trip: 

¶ For the first 5 minutes, Carla rode fast and then slowed down. She rode 1 mile. 

¶ CƻǊ ǘƘŜ ƴŜȄǘ мр ƳƛƴǳǘŜǎΣ /ŀǊƭŀ ǊƻŘŜ ŀǘ ŀ ǎǘŜŀŘȅ ǇŀŎŜ ǳƴǘƛƭ ǎƘŜ ŀǊǊƛǾŜŘ ŀǘ ƘŜǊ ƎǊŀƴŘƳƻǘƘŜǊΩǎ ƘƻǳǎŜΦ {ƘŜ ǊƻŘŜ о 

miles. 

¶ For the next 10 minutes, Carla visited her grandmother. 

¶ For the next 5 minutes, Carla rode slowly at first but then began to ride faster. She rode 1 mile. 

¶ For the last 10 minutes, Carla rode fast. She rode 3 miles at a steady pace. 

 

DǊŀǇƘ ŜŀŎƘ ǇŀǊǘ ƻŦ /ŀǊƭŀΩǎ ǘǊƛǇΦ  ¢ƻ ƎǊŀǇƘ part of her trip, first click the correct line type in the box. Then click in the 

ƎǊŀǇƘ ǘƻ ŀŘŘ ǘƘŜ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘ ŀƴŘ ǘƘŜ ŜƴŘƛƴƎ Ǉƻƛƴǘ ŦƻǊ ǘƘŀǘ ǇŀǊǘ ƻŦ ƘŜǊ ǘǊƛǇΦ  wŜǇŜŀǘ ǘƘŜǎŜ ǎǘŜǇǎ ǳƴǘƛƭ ŀ ƎǊŀǇƘ ƻŦ /ŀǊƭŀΩǎ 

entire trip has been created. 

  



Major  Supporting  Additional  Depth Opportunities(DO) 
 

Graph each part ƻŦ /ŀǊƭŀΩǎ ǘǊƛǇΦ  ¢ƻ ƎǊŀǇƘ ǇŀǊǘ ƻŦ ƘŜǊ ǘǊƛǇΣ ŦƛǊǎǘ ŎƭƛŎƪ ǘƘŜ ŎƻǊǊŜŎǘ ƭƛƴŜ ǘȅǇŜ ƛƴ ǘƘŜ ōƻȄΦ ¢ƘŜƴ ŎƭƛŎƪ ƛƴ ǘƘŜ 

graph to add the starting point and the ending point for that part of her trip. 

wŜǇŜŀǘ ǘƘŜǎŜ ǎǘŜǇǎ ǳƴǘƛƭ ŀ ƎǊŀǇƘ ƻŦ /ŀǊƭŀΩǎ ŜƴǘƛǊŜ ǘǊƛǇ Ƙŀǎ ōŜŜƴ ŎǊeated. 

   
 

Sample Solution: 

 
Instructional Strategies:   See Grade 8.F.4 

 

Resources/Tools: 

 

8.F Tides 

8.F Distance 

8.F Bike Race 

8.F Riding by the Library 

 

Common Misconceptions:  See Grade 8.F.4  

https://www.illustrativemathematics.org/illustrations/628
https://www.illustrativemathematics.org/illustrations/632
https://www.illustrativemathematics.org/illustrations/633
https://www.illustrativemathematics.org/illustrations/674

