
HIGLEY UNIFIED SCHOOL DISTRICT 
INSTRUCTIONAL ALIGNMENT 

 

8th Grade Math First Quarter 

Unit 1: Real  Numbers and Exponents (5 weeks) 
Topic A:  Rational and Irrational Numbers 

This unit introduces the real number system and how real numbers are used in a variety of contexts. Students become familiar with irrational numbers (especially square and cube 
roots), but also learn how to solve equations of the form x2 = p and x3 = p. Incorporating the Equations and Expression standards with the Number System standards provides 
context and motivation for learning about irrational numbers: for instance, to find the side length of a square of a certain area.  
 
Students in Grade 7 learn to differentiate between terminating and repeating decimals. In Grade 8, students realize that terminating decimals are repeating decimals that repeat the 
digit zero. They use this concept to identify irrational numbers as decimals that do not repeat a pattern. They learn to use rational approximations of irrational numbers to represent 
the value of irrational numbers on a number line. Beginning with familiar number sense topics helps students transition into the Grade 8 content. Turning decimal expansions into 
fractions and deepening understanding of the meaning of decimal expansions sets a firm foundation for understanding irrational numbers. Students will learn that the square roots 
of perfect squares are rational numbers, and that the square roots of non-perfect squares, such as √2 or √7, are examples of irrational numbers. Students will understand the value 
of square roots and cube roots and use this understanding to solve equations involving perfect squares and cubes. 

Big Idea: 

• The real number system includes both rational and irrational numbers, each of which has distinguishing characteristics when expressed in decimal 
form. 

• Every number has a decimal expansion. 
• Properties of operations with rational numbers also apply to all real numbers. 
• Irrational numbers can be approximated by rational numbers. 

Essential 
Questions: 

• Why are quantities represented in multiple ways? 
• How is the universal nature of properties applied to real numbers? 
• How do you know if a fraction is equal to a finite or infinite decimal? 
• What is the difference between a rational and irrational number? 

Vocabulary irrational number, rational number, decimal expansion, exponent, radical, irrational number, square root, cube root, perfect cube, perfect square 

Grade 

Dom
ain 

Standard 

AZ College and Career Readiness Standards Explanations & Examples Resources 

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

Know that numbers that are not rational are called 

Explanation: 
Students learn that to get the decimal expansion of a number 
(8.NS.A.1), they must develop a deeper understanding of the long 
division algorithm learned in Grades 6 and 7 (6.NS.B.2, 7.NS.A.2d).  

Eureka Math: 
Module 7 Lesson 6-13 
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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. 

 

8.MP.2. Reason abstractly and quantitatively. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 

Students show that the decimal expansion for rational numbers 
repeats eventually, in some cases with zeros, and they can convert the 
decimal form of a number into a fraction (8.NS.A.2).  At this point, 
students learn that the definition of an irrational number is a number 
that is not equal to a rational number (8.NS.A.1).   
 
In the past, irrational numbers may have been described as numbers 
that are infinite decimals that cannot be expressed as a fraction, like 
the number 𝜋.  This may have led to confusion about irrational 
numbers because until now, students did not know how to write 
repeating decimals as fractions and further, students frequently 
approximated 𝜋 using 22

7
 leading to more confusion about the 

definition of irrational numbers.  Defining irrational numbers as those 
that are not equal to rational numbers provides an important 
guidepost for students’ knowledge of numbers.  Students learn that an 
irrational number is something quite different than other numbers 
they have studied before.  They are infinite decimals that can only be 
expressed by a decimal approximation.   
 
Students understand that Real numbers are either rational or 
irrational.  They distinguish between rational and irrational numbers, 
recognizing that any number that can be expressed as a fraction is a 
rational number. The diagram below illustrates the relationship 
between the subgroups of the real number system. 
 

                            
 
Students recognize that the decimal equivalent of a fraction will either 
terminate or repeat.  Fractions that terminate (repeating zeros) will 

Big Ideas: 
Section:  7.4, Extension 
7.4 
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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.   Additionally, students can 
investigate repeating patterns that occur when fractions have 
denominators of 9, 99, or 11. 
 
 
Examples: 
 

• Change 0. 4 to a fraction. 
 
Solution: 
Let x = 0.444444….. 
 
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  
 
                     10x = 4.4444444…. 

 
Subtract the original equation from the new equation. 

                 
 
Solve the equation to determine the equivalent fraction. 
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• Find the decimal expansion of  
2
9 

 , 5
9
 , and  7

9
.  Use your 

answers to predict the decimal expansions of  
8
9

, 12
9

, and 25
9

 . 
 

Solution: 
Students should notice the repeating pattern of the 
numerator and investigate how this pattern would continue 
when the numerator is greater than the denominator.  
 
2
9

= 0. 2�  ,      
5
9

= 0. 5�,     7
9

= 0. 7� 

 
8
9

= 0. 8�  ,     
12
9

= 1. 3�,   25
9

= 2.7 

 

• Consider the fraction  
17
125

 .  Is it equal to a finite or infinite 

decimal?  How do you know? Write the decimal expansion. 
 
Solution: 
It is a finite decimal because the denominator is a product of 
5’s.   

17
125 =

17
53

=
17 ∙ 23

53 ∙ 23 =
17 ∙ 8

(2 ∙ 5)3 =
136
103

= 0.136 

 

• Write the decimal expansion of  1
7

  without using a calculator. 

 
Solution: 
This problem allows students to understand why the decimal 
expansion of a rational number either always terminates or 
repeats a pattern.  Working through this problem, and others, 
students begin to understand that eventually the pattern 
must repeat because there are only so many ways that the 
algorithm can go.  Once a remainder repeats itself in the 
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division process, the decimal expansion will start to take on a 
repeating pattern.  Students should see this when they begin 
repeating the same calculations over and over again and 
conclude they have a repeating decimal. 
 

• Without using long division, write the decimal expansion of 
26
4

. 

 
Solution: 

                 

The fraction 
26
4

 is equal to the finite decimal 6.5. 

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

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., π2). For example, by 
truncating the decimal expansion of √2, show that √2 is 
between 1and 2, then between 1.4 and 1.5, and explain 
how to continue on to get better approximations. 

8.MP.2. Reason abstractly and quantitatively. 
8.MP.4. Model with mathematics. 
8.MP.7. Look for and make use of structure. 

Explanation: 
Students learn a procedure (the iterative process) to get the 
approximate decimal expansion of numbers like √2 and √5 and 
compare the size of these irrational numbers using their rational 
approximations.  Now that students know that irrational numbers can 
be approximated, they extend their knowledge of the number line 
gained in Grade 6 (6.NS.C.6) to include being able to position irrational 
numbers on a line diagram in their approximate locations (8.NS.A.2). 
 
Students locate rational and irrational numbers on the number 
line.  Students compare and order rational and irrational numbers. 
Students also recognize that square roots may be negative and written 
as - √28 .   Additionally, students understand that non-perfect square 
roots are irrational. 

Eureka Math: 
Module 7 Lesson 2, 6-13 
  
 
Big Ideas: 
Section:  7.4 
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8.MP.8. Look for and express regularity in repeated 
reasoning. 

 
Examples: 
 

• Approximate the value of √5 to the nearest hundredth. 
 
Solution: 
Students start with a rough estimate based upon perfect 
squares.  √5 falls between 2 and 3 because 5 falls between 
22 = 4 and 32 = 9.  The value will be closer to 2 than to 3.  
Students continue the iterative process with the tenths place 
value.  √5 falls between 2.2 and 2.3 because 5 falls between 
2.22 = 4.84 and 2.32 = 5.29.  The value is closer to 2.2.  
Further iteration shows that the value of √5 is between 2.23 
and 2.24 since 2.232 is 4.9729 and 2.242 is 5.0176. 
 

• Compare √2 and √3 . 
 
Solution: 
Statements for the comparison could include: 

             

              
• Find an approximation of √28 

 
Solution:   
The perfect squares that  √28  is between are 25 and 36.  The 
square roots of 25 and 36 are 5 and 6 respectively, so we 
know that √28  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 
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between 25 and 28) by 11 (the distance between the perfect 
squares of 25 and 36) to get 0.27. 
 
The estimate of √28 would be 5.27 (the actual is 5.29).  To 
obtain a more accurate answer, students should use the 
iterative process illustrated in the first example. 

 
8 EE 2 A. Work with radicals and integer exponents 

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 √2 is irrational. 

8.MP.2. Reason abstractly and quantitatively. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 
 

Explanation: 
Students recognize perfect squares and perfect cubes, understanding 
that non-perfect squares and non-perfect cubes are irrational.  
Students recognize that squaring a number and taking the square root 
of a number, �√#�, are inverse operations; likewise, cubing a number 

and taking the cube root, �√#3 � , are inverse operations.  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.  For this 
standard, value of the square root and cube root is positive. 
 
Students understand that in geometry the square root of the area is 
the length of the side of a square and a cube root of the volume is the 
length of the side of a cube. Students use this information to solve 
problems, such as finding the perimeter. 
 
Note:  In 8th grade, students are only required to find the square roots 
or cube roots of fractions with perfect squares or perfect cubes in the 
denominator.   
 
Examples: 
 

• Solve the following.  State whether the solutions are rational 
or irrational numbers. 

a) 𝑧3 = 1
8
 

b) 𝑥2 = 16 
c) 𝑤2 = 34 
d) 𝑦3 = 0.29 

 

Eureka Math: 
Module 7 Lesson 2-4,6-13 
 
Note:  Lesson 4 is an 
extension of 8.EE.2.  The 
concept in this lesson 
prepares the students for 
future work with radicals 
in Algebra I.  In Lesson 3, 
do not include problems 
with negative exponents. 
 
Big Ideas: 
Section:  7.1, 7.2, 7.4 
 
Note:  This standard will 
be explored more in Unit 
3 when teaching 8.G.6-8 
(Pythagorean Theorem) 
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Solution: 
a)  The equation is asking ‘what value cubed is 1/8?’.  The 

solution is ½.  Using cube root symbols:   

                    √𝑧3 3
 = �1

8
3

 
 

                                  𝑧 = 1
2
 , rational number 

 
b)  The equation is asking ‘what value squared is 16?’.  The 
solution is 4 and -4.  Using square root symbols: 
 

                                 √𝑥2 = ±√16  
                            𝑥 = ±4 , rational numbers 
 
c)  The equation is asking ‘what value squared is 34?’.  Since 
34 is not a perfect square, there isn’t a rational number 
squared that equals 34.  Therefore, the solution is irrational 
and is left in radical form. 
 

                           √𝑥2 = ±√34  
 

                                𝑥 = ±√34 , irrational numbers 
 
d)  The equation is asking ‘what cubed is 0.029?’.  Since 0.029 
is not a perfect cube, there isn’t a rational number cubed that 
equals 0.29.  Therefore, the solution is irrational. 

 
�𝑦33 = √0.0293  

𝑦 = � 29
1000

3
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                              𝑦 = √293

10
  , irrational numbers 

 
 

• What is the side length of a square with an area of 49 ft2? 
 

                
 

Note:  Since the solution represents a distance, it is positive.  
 

• You are designing a bathroom with the following items in it.  
Your very odd client has asked that each of these items be a 
perfect square or cube.  Use your knowledge of squares and 
cubes to write an equation that models the area or volume of 
each item.  Then solve the equation to find the side of each 
item. 

a) Rug 1764 in2 
b) Ottoman 3375 in3 

 
Solution: 
a)  Since the rug is a perfect square, the area is equal to the 
side, s, squared.   

𝐴 = 𝑠2 
1764 𝑓𝑡2 = 𝑠2 

 �𝑠2 = �1764𝑓𝑡2 
𝑠 = ±42𝑓𝑡 

 
Since length is always positive, the length of the side of the 
square rug is 42 feet. 
 
b)  Since the ottoman is a perfect cube, the volume is equal to 
the side, s, cubed.   

𝑉 =  𝑠3 
3375 𝑖𝑛3 = 𝑠3 
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�3375𝑖𝑛33 = �𝑠33  
15𝑖𝑛 = 𝑠 

 
The length of the side of the ottoman is 15 inches. 
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8th Grade Math First Quarter 

Unit 1: Real Numbers and Exponents 
Topic B:  Properties of Integer Exponents and Scientific Notation 

 
In this topic, students’ knowledge of operations on numbers will be expanded to include operations on numbers in integer exponents. Topic B also builds on students’ understanding 
from previous grades with regard to transforming expressions. Students were introduced to exponential notation in Grade 5 as they used whole number exponents to denote 
powers of ten (5.NBT.2). In Grade 6, students expanded the use of exponents to include bases other than ten as they wrote and evaluated exponential expressions limited to whole-
number exponents (6.EE.1). Students made use of exponents again in Grade 7 as they learned formulas for the area of a circle (7.G.4) and volume (7.G.6).   Students build upon their 
foundation with exponents as they make conjectures about how zero and negative exponents of a number should be defined and prove the properties of integer exponents (8.EE.1). 
These properties are codified into three Laws of Exponents. They make sense out of very large and very small numbers, using the number line model to guide their understanding of 
the relationship of those numbers to each other (8.EE.3). 
 
Having established the properties of integer exponents, students learn to express the magnitude of a positive number through the use of scientific notation and to compare the 
relative size of two numbers written in scientific notation (8.EE.3). Students explore use of scientific notation and choose appropriately sized units as they represent, compare, and 
make calculations with very large quantities, such as the U.S. national debt, the number of stars in the universe, and the mass of planets; and very small quantities, such as the mass 
of subatomic particles (8.EE.4).  

Big Idea: 
• The value of any real number can be represented in relation to other real numbers. 
• Exponential expressions model real-world situations. 
• There are laws that govern the use of integer exponents. 

Essential 
Questions: 

• Why are quantities represented in multiple ways? 
• How is the universal nature of properties applied to real numbers? 
• When is scientific notation used? 
• What is the difference between x3 and 3x? 
• When is a power negative? 
• Why is x-1 equal to 1/x? 
• What does the exponent represent in a number that is in scientific notation? 

Vocabulary exponential notation, base, exponent, power, scientific notation, order of magnitude, expanded form of a decimal, laws of exponents 

Grade 

Dom
ain 

Standard 

AZ College and Career Readiness Standards Explanations & Examples Resources 
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8 EE 1 A. Work with radicals and integer exponents.  
 
Know and apply the properties of integer exponents to 
generate equivalent numerical expressions. For 
example, 32 × 3–5 = 3–3 = 1/33 = 1/27.  
 
8.MP.2. Reason abstractly and quantitatively. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 
 

 
Explanation: 
In 6th grade, students wrote and evaluated simple numerical 
expressions with whole number exponents (ie. 53 = 5 • 5 • 5 = 125). 
Integer (positive and negative) exponents are further developed to 
generate equivalent numerical expressions when multiplying, dividing 
or raising a power to a power.  
 
It is in Grade 8 when students are first expected to know and use the 
properties of exponents and to extend the meaning beyond positive 
integer exponents. It is no accident that these expectations are 
simultaneous, because it is the properties of positive integer 
exponents that provide the rationale for the properties of integer 
exponents. In other words, students should not be told these 
properties but rather should derive them through experience and 
reason. 
 
Students should have experience simplifying numerical expressions 
with exponents so that these properties become natural and obvious.  
For example, 
 

• 23 ∙ 25 = (2 ∙ 2 ∙ 2) ∙ (2 ∙ 2 ∙ 2 ∙ 2 ∙ 2) = 23+5 = 28  
• (53)4 = 53 ∙ 53 ∙ 53 ∙ 53 = (5 ∙ 5 ∙ 5) ∙ (5 ∙ 5 ∙ 5) ∙ (5 ∙ 5 ∙ 5) ∙

(5 ∙ 5 ∙ 5) = 53+3+3+3 = 53∙4 = 512  
• (3 ∙ 7)4 = (3 ∙ 7) ∙ (3 ∙ 7) ∙ (3 ∙ 7) ∙ (3 ∙ 7) = (3 ∙ 3 ∙ 3 ∙ 3) ∙

(7 ∙ 7 ∙ 7 ∙ 7) = 34 ∙ 74 
 

Students explore patterns in exponents: 
 

Eureka Math: 
Module 1 Lessons 1-6 
  
 
Big Ideas: 
Sections:  10.1 – 10.4 
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As the exponent decreases by 1, the value of the expression is divided 
by 5, which is the base.  Continue that pattern to 0 and negative 
exponents. 
 
Using numerical bases and the laws of exponents, students generate 
equivalent expressions.  Students understand: 

• Bases must be the same before exponents can be added, 
subtracted or multiplied.  

• Exponents are subtracted when like bases are being divided  
• A number raised to the zero (0) power is equal to one.   
• Negative exponents occur when there are more factors in 

the denominator.  These exponents can be expressed as a 
positive if left in the denominator.   

• Exponents are added when like bases are being multiplied  
• Exponents are multiplied when a power is raised to a power.  
• Several properties may be used to simplify an expression  

 
Modeling mathematics (MP.4) with integer exponents requires that 
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students attend to precision (MP.6) and look for and express regularity 
in repeated reasoning (MP.8).  
 
Examples: 
 

• 23

52
= 8

25
 

 

• 22

26
= 22−6 = 2−4 = 1

24
= 1

16
 

 
• 60 =   

Since 
62

62
= 36

36
= 1 and 

62

62
= 62−2 = 60,  

 

Then 60 = 1 
 

• 3−2

24
= 3−2 ∙ 1

24
= 1

32
∙ 1
24

= 1
9
∙ 1
16

= 1
144

 
 

• (32)(34) = (32+4) = 36 = 729 
 

• (43)2 = 43∙2 = 46 = 4,096 
 

• (32)4

(32)(33) = 32∙4

32+3
= 38

35
= 38−5 = 33 = 27 

 
 

8 EE 3 A. Work with radicals and integer exponents.  
 
Use numbers expressed in the form of a single digit 
times an integer power of 10 to estimate very large or 

Explanation: 
Students use numbers expressed in the form of a single digit times an 
integer power of 10 to estimate very large or very small numbers.   
Students compare and interpret these quantities in the context of 

Eureka Math: 
Module 1 Lessons 7-8 
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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 3×108 and the 
population of the world as 7×109, and determine that 
the world population is more than 20 times larger. 
 
8.MP.2. Reason abstractly and quantitatively. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 
 

the situation, recognizing that if the exponent increases by one, the 
value increases 10 times.  Likewise, if the exponent decreases by 
one, the value decreases 10 times. Students learn to estimate 
how big or how small a number is using magnitude. 
 
Examples: 
 

• How much larger is 6 x 105 compared to 2 x 103? 
 
Solution:  300 times larger since 6 is 3 times larger than 2 
and 105 is 100 times larger than 103. 

 
• Which is the larger value:  2 x 106 or 9 x 105? 

 
Solution: 2 x 106 because the exponent is larger 

 

• Let M = 45,987,231
345
976

 .  Find the smallest power of 10 that  

will exceed M. 

Solution: 

45,987,231
345
976

 < 45,987,232 < 99,999,999 < 100,000,000 =108 
 

• Which number is equivalent to 0.00001: 105 or 10-5?  How do 
you know? 
 
Solution: 
10-5 because negative powers denote numbers greater than 

zero but less than 1.  Also, 0.00001 is equivalent to 
1
105

 which 

is equivalent to 10-5. 
 

• The Federal Reserve states that the average household in 
January of 2013 had $7,122 in credit card debt.  About how 
many times greater is the US national debt, which is 
$16,755,133,009,522?  Rewrite each number to the nearest 

Big Ideas: 
Sections: 10.5 - 10.7 
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power of 10 that exceeds it, and then compare. 
 

Solution: 
Household Debt = 7,122 < 9,999 < 10,000 = 104 
US Debt = 16,755,133,009,522 < 99,999,999,999,999 < 
100,000,000,000,000 = 1014 
 

1014

104 = 1014−4 = 1010 
 
The US national debt is 1010 times greater than the average 
household’s credit card debt. 
 

• A conservative estimate of the number of stars in the universe 
is 6 x 1022.  The average human can see about 3,000 stars at 
night with his naked eye.  About how many times more stars 
are there in the universe, compared to the stars a human can 
actually see? 

 
Solution: 

 
There are about 2 x 1019 times more stars in the universe 
compared to the number we can actually see. 
 

8 EE 4 A. Work with radicals and integer exponents.  
 
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. 

Explanation: 
Students use laws of exponents to multiply or divide numbers written 
in scientific notation.  Students can convert decimal forms to 
scientific notation and apply rules of exponents to simplify 
expressions.  Students solve problems using addition, subtraction or 
multiplication, expressing the answer in scientific notation.  Students 
use laws of exponents to multiply or divide numbers written in 
scientific notation, writing the product or quotient in proper scientific 
notation. 
 
Students understand the magnitude of the number being expressed 
in scientific notation and choose an appropriate corresponding unit. 

Eureka Math: 
Module 1 Lessons 9-13 
  
 
Big Ideas: 
Sections:  10.5 – 10.7 
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8.MP.2. Reason abstractly and quantitatively. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 

 
Students understand scientific notation as generated on various 
calculators or other technology.  In working with calculators or 
spreadsheets, it is important that students recognize scientific 
notation.   
 
Students should recognize that the output of 2.45E+23 is 2.45 x 
1023 and 3.5E-4 is 3.5 x 10-4.  Students enter scientific notation 
using E or EE (scientific notation), ∗(multiplication), and ^ (exponent) 
symbols.  
 
Note:  There are other notations for scientific notation depending on 
the calculator being used. 
 
Examples: 
 

• Write 75,000,000,000 in scientific notation. 
 
Solution:  7.5 x 1010 

 
• Write 0.0000429 in scientific notation. 

 
Solution:  4.29 x 10-5 
 

• Express 2.45 x 105 in standard form. 
 

Solution:  245,000 
 

• In July 2010 there were approximately 500 million facebook 
users.  In July 2011 there were approximately 750 million 
facebook users.  How many more users were there in 2011?  
Write your answer in scientific notation.  

 
• Solution:  Subtract the two numbers:   

750,000,000 - 500,000,000  = 250,000,000 = 2.5 x 108 
 

• The speed of light is 3 x 108 meters/second. If the sun is 
1.5 x 1011 meters from earth, how many seconds does it 
take light to reach the earth?  Express your answer in 
scientific notation. 
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Solution:   
(light)(x) = sun, where x is the time in seconds 
 
(3 x 108 )x = 1.5 x 1011 

 
5 x 102 

 
It takes 5 x 102 seconds for light to reach the earth. 

 
• A certain brand of MP3 player will display how long it will 

take to play through its entire music library.  If the maximum 
number of songs the MP3 player can hold is 1,000 (and the 
average song length is 4 minutes), would you want the time 
displayed in terms of seconds-, days-, or years-worth of 
music?  Explain. 

 
Solution: 
It makes the most sense to have the time displayed in days 

because numbers such as 240,000 seconds worth of music 

and 
5
657

 of a year are more difficult to understand than 

about 2.8 days. 
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8th Grade Math First Quarter 

Unit 2: Congruence and Similarity (6 weeks) 
Topic A:  Basic Rigid Motions and Congruence 

In this topic, students learn about translations, reflections, and rotations in the plane and, more importantly, how to use them to precisely define the concept of congruence.  Up to 
this point, “congruence” has been taken to mean, intuitively, “same size and same shape.”  Because this module begins a serious study of geometry, this intuitive definition must be 
replaced by a precise definition.  This topic is a first step; its goal is to provide the needed intuitive background for the precise definitions that are introduced in this topic for the first 
time. 

Translations, reflections, and rotations are examples of rigid motions, which are, intuitively, rules of moving points in the plane in such a way that preserves distance.  For the sake of 
brevity, these three rigid motions will be referred to exclusively as the basic rigid motions.  Throughout Topic A, on the definitions and properties of the basic rigid motions, students 
verify experimentally their basic properties and, when feasible, deepen their understanding of these properties using reasoning.  In particular, what students learned in Grade 4 
about angles and angle measurement (4.MD.5) will be put to good use here:  they learn that the basic rigid motions preserve angle measurements, as well as segment lengths.  

Via their exploration of basic rigid motions, students learn that congruence is just a sequence of basic rigid motions. The fundamental properties shared by all the basic 
rigid motions are then inherited by congruence: congruence moves lines to lines and angles to angles, and it is both distance- and degree-preserving. 
 

Big Idea: 
• Reflections, translations, and rotations are actions that produce congruent geometric objects. 
• Objects can be transformed in an infinite number of ways, and those transformations can be described and analyzed mathematically. 

Essential 
Questions: 

• What are transformations and what effect do they have on an object? 
• How can you identify congruent figures? 
• How can you copy shapes and make precise drawings without measuring tools? 

Vocabulary transformation, basic rigid motion (transformation), translation, reflection, rotation, image, sequence of transformations, line of reflection, center of 
rotation, angle of rotation, vector, congruence, corresponding angles, corresponding sides, map 

Grade 

Dom
ain 

Standard 

AZ College and Career Readiness Standards Explanations & Examples Resources 

8 G 1 A. Understand congruence and similarity using 
physical models, transparencies, or geometry 
software 

Verify experimentally the properties of rotations, 
reflections, and translations: 

Explanation: 
Students use compasses, protractors and rulers or technology to 
explore figures created from translations, reflections and rotations. 
Characteristics of figures, such as lengths of line segments, angle 
measures and parallel lines, are explored before the transformation 
(pre-image) and after the transformation (image).  Students 

Eureka Math: 
Module 2 Lessons 1-6 
 
Big Ideas: 
Sections:  2.2, 2.3, 2.4 
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a. Lines are taken to lines, and line segments to line 
segments of the same length. 

b. Angles are taken to angles of the same measure. 
c. Parallel lines are taken to parallel lines. 
 
8.MP.3. Construct viable arguments and critique the 
reasoning of others. 
8.MP.4. Model with mathematics. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 
8.MP.8. Look for and express regularity in repeated 
reasoning. 

understand that these transformations produce images of exactly the 
same size and shape as the pre-image and are known as basic rigid 
motions. 
 
Students need multiple opportunities to explore the transformation of 
figures so that they can appreciate that points stay the same distance 
apart and lines stay at the same angle after they have been rotated, 
reflected, and/or translated. 

Students construct viable arguments and critique the reasoning of 
others (MP.3) as they describe the effect of transformations. As 
students investigate those effects, they attend to structure (MP.7) by 
recognizing the common attributes and properties generated by the 
transformations.  
 
Examples: 

• Describe intuitively what kind of transformation will be 
required to move the figure on the left to each of the figures 
(1-3) on the right.  To help with this exercise, use a 
transparency to copy the figure on the left.  Note that you are 
supposed to begin by moving the left figure to each of the 
locations in (1), (2), and (3).   

     
Solution: 
Slide the original figure to the image (1) until they coincide.  
Slide the original figure to (2)m then flip it so they coincide.  
Slide the original figure to (3), then turn it until they coincide. 
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• Name the vector along which a translation of a plane would 

map point A to its image (T)A.   

 
Solution: 
Vector 𝑆𝑅�����⃗  

 
• Reflect the images across line L.  Label the reflected images. 

                             
What is the measure of the reflected angle A’B’C’? 
How does the length of segment IJ compare to its’ reflected 
image? 
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Solution: 

 
 
The measure of angle A’B’C’ is 66◦.  The length of the reflected 
segment of IJ is the same as the original segment, 5 units.  

 
• The picture below shows right triangles ABC and A’B’C’, where 

the right angles are at B and B’.  Given that AB=A’B’=1, and 
BC=B’C’=2, AB is not parallel to A’B’, is there a 180◦ rotation 
that would map ∆𝐴𝐵𝐶 onto ∆𝐴′𝐵′𝐶′ ?  Explain. 
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Solution: 
No, because a 180◦ rotation of a segment will map to a 
segment that is parallel to the given one.  It is given that AB is 
not parallel to A’B’, therefore, a rotation of 180◦ will not map 
∆𝐴𝐵𝐶  onto ∆𝐴′𝐵′𝐶′ . 

8 G 2 A. Understand congruence and similarity using 
physical models, transparencies, or geometry 
software 

Understand that a two-dimensional figure is congruent 
to another if the second can be obtained from the first 
by a sequence of rotations, reflections, and 
translations; given two congruent figures, describe a 
sequence that exhibits the congruence between them. 

8.MP.2. Reason abstractly and quantitatively. 
8.MP.4. Model with mathematics. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 

Explanation: 
This standard is the students’ introduction to congruency.  Congruent 
figures have the same shape and size.  Translations, reflections and 
rotations are examples of rigid transformations.  A rigid transformation 
is one in which the pre-image and the image both have exactly the 
same size and shape since the measures of the corresponding angles 
and corresponding line segments remain equal (are congruent). 
 
Students examine two figures to determine congruency by identifying 
the rigid transformation(s) that produced the figures.  Students 
recognize the symbol for congruency (≅) and write statements of 
congruency. 
 
Students construct viable arguments and critique the reasoning of 
others (MP.3) as they describe the effect of transformations. As 
students investigate those effects, they attend to structure (MP.7) by 
recognizing the common attributes and properties generated by the 
transformations.  
  
 
Examples: 
 

• Is Figure A congruent to Figure A’? Explain how you know. 

                              

Eureka Math: 
Module 2 Lessons 7-11 
 
Big Ideas: 
Sections:  2.1, 2.2, 2.3, 2.4 
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Solution:  These figures are congruent since A’ was produced 
by translating each vertex of Figure A 3 to the right and 1 
down. 

 
• Describe the sequence of transformations that results in the 

transformation of Figure A to Figure A’. 
 

                         
Solution:  Figure A’ was produced by a 90º clockwise rotation 
around the origin. 

 
• In the following picture, triangle ABC can be traced onto a 

transparency and mapped onto triangle A’B’C’.  Which basic 
rigid motion, or sequence of, would map one triangle onto the 
other? 
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Possible Solution:  
A counterclockwise rotation of d degrees around B, where d is 
the positive degree of ∠𝐶𝐵𝐶′ and a reflection across the line 
LBC.   
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8th Grade Math First Quarter 

Unit 2: Congruence and Similarity 
Topic B:  Angle Relationships and Triangles 

 
In Grade 7, students used facts about supplementary, complementary, vertical, and adjacent angles to find the measures of unknown angles (7.G.5). This module extends 
that knowledge to angle relationships that are formed when two parallel lines are cut by a transversal. In Topic B, on angle relationships related to parallel lines, students 
learn that pairs of angles are congruent because they are angles that have been translated along a transversal, rotated around a point, or reflected across a line.  Students 
use this knowledge of angle relationships to show why a triangle has a sum of interior angles equal to 180˚ and why the exterior angles of a triangle is the sum of the two 
remote interior angles of the triangle. 

Big Idea: • When parallel lines are cut by a transversal relationships between the angles are formed. 

Essential 
Questions: 

• What angle relationships are formed by parallel lines cut by a transversal? 
• How can you determine if two lines are parallel? 
• What relationships exist between angles of a triangle? 
• How are angle relationships used in real-world contexts? 

Vocabulary transversal, parallel lines, supplementary angles, complementary angles, vertical angles, adjacent angles, corresponding angles, alternate interior angles, 
alternate exterior angles, triangle, exterior angle of a triangle, remote interior angles of a triangle 

Grade 

Dom
ain 

Standard 

AZ College and Career Readiness Standards Explanations & Examples Resources 

8 G 5 A. Understand congruence and similarity using 
physical models, transparencies, or geometry 
software 

Use informal arguments to establish facts about the 
angle sum and exterior angle of triangles, about the 
angles created when parallel lines are cut by a 
transversal, and the angle-angle criterion for similarity 
of triangles. For example, arrange three copies of the 
same triangle so that the sum of the three angles 
appears to form a line, and give an argument in terms 
of transversals why this is so. 

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

Explanation: 
Students construct parallel lines and a transversal to examine the 
relationships between the created angles.  Students recognize vertical 
angles, adjacent angles and supplementary angles from 7th grade and 
build on these relationships to identify other pairs of congruent angles.  
Using these relationships, students use deductive reasoning to find the 
measure of missing angles. 
 
Students construct various triangles and find the measures of the 
interior and exterior angles.  Students make conjectures about the 
relationship between the measure of an exterior angle and the other 
two angles of a triangle. (the measure of an exterior angle of a triangle 
is equal to the sum of the measures of the other two interior angles) 
and the sum of the exterior angles (360º).  Using these relationships, 

Eureka Math: 
Module 2 Lessons 12-14 
 
Big Ideas: 
Sections:  3.1, 3.2, 3.3 
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8.MP.4. Model with mathematics. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 

students use deductive reasoning to find the measure of missing 
angles. 
 
Students can informally conclude that the sum of the angles in a 
triangle is 180º (the angle-sum theorem) by applying their 
understanding of lines and alternate interior angles. 
 
Examples: 
 

• You are building a bench for a picnic table.  The top of the 
bench will be parallel to the ground. 

                   
Explain your answer. 

 
Solution: 
Angle 1 and angle 2 are alternate interior angles, giving angle 
2 a measure of 148º.  Angle 2 and angle 3 are supplementary.  
Angle 3 will have a measure of 32º so  

                                      
 

•  
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Solution: 
∠1+ ∠2+ ∠3 = 180°  
∠5 ≅ ∠1   corresponding angles are congruent  
∠4 ≅ ∠2   alternate interior angles are congruent 
Therefore, ∠1 can be substituted for ∠5 and ∠4 can be 
substituted for ∠2, so    ∠3+ ∠4+ ∠5 = 180° 
 

• In the figure below line X is parallel to line 𝑌𝑍����.  Prove that the 
sum of the angles of a triangle is 180◦. 

 
 

Solution:    
Angle a is 35º because it alternates with the angle inside the 
triangle that measures 35º.  Angle c is 80º because it 
alternates with the angle inside the triangle that measures 
80º.  Because lines have a measure of 180º, and angles a + b + 
c form a straight line, then angle b must be 65 º  (180 – (35 + 
80) = 65).  Therefore, the sum of the angles of the triangle is 
35º + 65 º + 80 º. 

 
• What is the measure of angle 5 if the measure of angle 2 is 
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45º and the measure of angle 3 is 60º? 
 

                                         
 

Solution:   
Angles 2 and 4 are alternate interior angles, therefore the 
measure of angle 4 is also 45º.  The measure of angles 3, 4 and 
5 must add to 180º.  If angles 3 and 4 add to 105º the angle 5 
must be equal to 75º. 

 
• Find the measure of angle x.  Explain your reasoning. 

 
Solution: 
The measure of ∠𝑥 is 84°.  Since the sum of the remote 
interior angles equals the exterior angle of the triangle, then 
45° + 𝑥° = 129°.  Solving for x yields 84°. 
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8th Grade Math First Quarter 

Unit 2: Congruence and Similarity  
Topic C:  Understanding Similarity 

 
The experimental study of rotations, reflections, and translations in Topic A prepares students for the more complex work of understanding the effects of dilations on geometrical 
figures in their study of similarity in Topic C. They use similar triangles to solve unknown angles, side lengths and area problems. This topic builds on the previous two topics as 
students expand their understanding of transformations to include similarity transformations. This unit also connects with students’ prior work with scale drawings and proportional 
reasoning (7.G.A.1, 7.RP.A.2). These understandings are applied in Unit 3 as students 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 (8.EE.B.6).   

Big Idea: 

• Objects can be transformed in an infinite number of ways, and those transformations can be described and analyzed mathematically.  
• A two-dimensional figure is similar to another if the second can be obtained from the first by a sequence of transformations. 
• Two similar figures are related by a scale factor, which is the ratio of the lengths of corresponding sides. 
• A dilation is a transformation that changes the size of a figure but not the shape. 

Essential 
Questions: 

• What are transformations and what effect do they have on an object? 
• What does the scale factor of a dilation convey? 
• How can transformations be used to determine congruency or similarity? 
• When would we want to change the size of an object but not its shape? 

Vocabulary similarity, similar triangles, transformations, translation, rotation, center of rotation, angle of rotation, reflection, line of reflection, dilations, exterior angles, 
interior angles, scale factor 

Grade 

Dom
ain 

Standard 

AZ College and Career Readiness Standards Explanations & Examples Resources 

8 G 3 A. Understand congruence and similarity using 
physical models, transparencies, or geometry 
software 

Describe the effect of dilations, translations, rotations, 
and reflections on two-dimensional figures using 
coordinates. 

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

Explanation: 
Students identify resulting coordinates from translations, reflections, 
dilations and rotations (90º, 180º and 270º both clockwise and 
counterclockwise), recognizing the relationship between the 
coordinates and the transformation. 
 
In previous grades, students made scale drawings of geometric figures 
and solved problems involving angle measure, surface area, and 
volume. 
 
 

Eureka Math: 
Module 3 Lessons 1-7 
 
Big Ideas: 
Sections:  2.2, 2.3, 2.4, 2.7 
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8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 

Note:  Students are not expected to work formally with properties of 
dilations until high school. 
 
Translations 
Translations move the object so that every point of the object moves in 
the same direction as well as the same distance. In a translation, the 
translated object is congruent to its pre-image. Triangle ABC has been 
translated 7 units to the right and 3 units up. To get from A (1,5) to A’ 
(8,8), move A 7 units to the right (from x = 1 to x = 8) and 3 units up 
(from y = 5 to y = 8). Points B and C also move in the same direction (7 
units to the right and 3 units up), resulting in the same changes to each 
coordinate. 

                        
Reflections 
A reflection is the “flipping” of an object over a line, known as the “line 
of reflection”.  In the 8th grade, the line of reflection will be the x-axis 
and the y-axis.   Students recognize that when an object is reflected 
across the y-axis, the reflected x-coordinate is the opposite of the pre-
image x-coordinate (see figure below). 

                         
Likewise, a reflection across the x-axis would change a pre-image 
coordinate (3, -8) to the image coordinate of (3, 8).  Note that the 
reflected y-coordinate is opposite of the pre-image y-coordinate. 
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Rotations 
A rotation is a transformation performed by “spinning” the figure 
around a fixed point known as the center of rotation.  The figure may 
be rotated clockwise or counterclockwise up to 360º (in 8th grade, 
rotations will be around the origin and a multiple of 90º).  In a rotation, 
the rotated object is congruent to its pre-image. 
 
Consider when triangle DEF is 180˚ clockwise about the origin. The 
coordinate of triangle DEF are D(2,5), E(2,1), and F(8,1). When rotated 
180˚ about the origin, the new coordinates are D’(-2,-5), E’(-2,-1) and 
F’(-8,-1). In this case, each coordinate is the opposite of its pre-image 
(see figure below). 
 

                                
Dilations 
A dilation is a non-rigid transformation that moves each point along 
a ray which starts from a fixed center, and multiplies distances 
from this center by a common scale factor.  Dilations enlarge (scale 
factors greater than one) or reduce (scale factors less than one) the 
size of a figure by the scale factor. In 8th grade, dilations will be 
from the origin. The dilated figure is similar to its pre-image. 
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The coordinates of A are (2, 6); A’ (1, 3).  The coordinates of B are (6, 4) 
and B’ are (3, 2).  The coordinates of C are (4, 0) and C’ are (2, 0). Each 
of the image coordinates is ½ the value of the pre-image coordinates 
indicating a scale factor of ½. 
     
The scale factor would also be evident in the length of the line 
segments using the ratio:  

                                                
Students recognize the relationship between the coordinates of the 
pre-image, the image and the scale factor for a dilation from the origin. 
Using the coordinates, students are able to identify the scale factor 
(image/pre-image). 
 
Examples: 

• If the pre-image coordinates of a triangle are A(4, 5), B(3, 7), 
and C(5, 7) and the image coordinates are A(-4, 5), B(-3, 7), 
and C(-5, 7), what transformation occurred? 
 
Solution: 
The image was reflected over the y-axis.   
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8 G 4 A. Understand congruence and similarity using 
physical models, transparencies, or geometry 
software 

Understand that a two-dimensional figure is similar to 
another if the second can be obtained from the first by 
a sequence of rotations, reflections, translations, and 
dilations; given two similar two-dimensional figures, 
describe a sequence that exhibits the similarity 
between them. 
 
8.MP.2. Reason abstractly and quantitatively. 
8.MP.4. Model with mathematics. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 

Explanation: 
Similar figures and similarity are first introduced in the 8th grade. 
Students understand similar figures have congruent angles and sides 
that are proportional.  Similar figures are produced from dilations.  
Students describe the sequence that would produce similar figures, 
including the scale factors.  Students understand that a scale factor 
greater than one will produce an enlargement in the figure, while a 
scale factor less than one will produce a reduction in size. 
 
Students need to be able to identify that triangles are similar or 
congruent based on given information. 
 
Students attend to precision (MP.6) as they construct viable arguments 
and critique the reasoning of others (MP.3) while describing the effects 
of similarity transformations and the angle-angle criterion for similarity 
of triangles.  
 
Examples: 
 

• Is Figure A similar to Figure A’? Explain how you know. 

                                     
Solution:   
Dilated with a scale factor of ½ then reflected across the x-
axis, making Figures A and A’ similar. 

 
 

• Describe the sequence of transformations that results in the 

Eureka Math: 
Module 3 Lessons 8-12 
 
Big Ideas: 
Sections:  2.5, 2.6, 2.7 
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transformation of Figure A to Figure A’. 

                         
Solution:  
 90° clockwise rotation, translate 4 right and 2 up, dilation of 
½.  In this case, the scale factor of the dilation can be found by 
using the horizontal distances on the triangle (image = 2 units; 
pre-image = 4 units) 

 
8 G 5 A. Understand congruence and similarity using 

physical models, transparencies, or geometry 
software 

Use informal arguments to establish facts about the 
angle sum and exterior angle of triangles, about the 
angles created when parallel lines are cut by a 
transversal, and the angle-angle criterion for similarity 
of triangles. For example, arrange three copies of the 
same triangle so that the sum of the three angles 
appears to form a line, and give an argument in terms 
of transversals why this is so. 

8.MP.3. Construct viable arguments and critique the 
reasoning of others. 
8.MP.4. Model with mathematics. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 

Explanation: 
Students construct various triangles having line segments of different 
lengths but with two corresponding congruent angles.  Comparing 
ratios of sides will produce a constant scale factor, meaning the 
triangles are similar.  Students solve problems with similar triangles. 
 
 
Examples: 
 

• Are the triangles shown below similar?  Present an informal 
argument as to why they are or why they are not. 
 
 
 
 

Eureka Math: 
Module 3 Lessons 8-12 
 
Big Ideas: 
Sections:  3.4 
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Solution: 
Yes, ∆𝐴𝐵𝐶~∆𝐴′𝐵′𝐶′.  They are similar because they have two 
pairs of corresponding angles that are equal.  Namely, 
𝑚∠𝐵 = 𝑚∠𝐵′ = 103°, and 𝑚∠𝐴 = 𝑚∠𝐴′ = 31°. 
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