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Introduction 

 
The department of Catholic Schools in the Diocese of Tucson recommends that all schools utilize this curriculum as a guide for 
planning instruction and assessment for mathematics in light of Catholic Social Teachings*.  The Common Core standards set forth 
were prioritized and organized according to levels of instruction using the Arizona Department of Education template and Catholic 
principles as our guide.  The format was developed in collaboration with Dr. Tom Doyle using the Notre Dame ACE Collaborative for 
Academic Excellence in Curriculum, Instruction and Assessment framework which prioritizes and organizes standards into the 
following: 

• Team/Department Outcomes  
• Course Outcomes  
• Unit Concepts and Goals  

 
The Goals of the Math Curriculum are to: 

• Provide a framework that adheres to the Common Core Mathematics standards as outlined in the Arizona Department of 
Educational curriculum, while facilitating the planning, instruction and assessment at both team (K-2, 3-5, 6-8, 9-12) and 
classroom levels of instruction. 

• Promote vertical alignment of standards for continuity of instruction. 
• Promote critical thinking through differentiated instruction and by integrating performance assessments. 
• Promote the value of mathematics in real world application. 

 
The Vision of the Math Curriculum Committee is to: 

• Assist in the formation of the whole child; individuals who grow in their faith, and who, by developing a strong understanding of 
mathematics, enrich their own lives and are able to confidently contribute to their community. 

 
*The Catholic Social Teachings: 

1. Life and Dignity of the Human Person 
2. Call to Family, Community and Participation 
3. Rights and Responsibilities 
4. Option for the Poor and vulnerable 
5. The Dignity of Work and The Rights of Workers 
6. Solidarity 
7. Care for God’s Creation 

 
Resource to assist K-12 Catholic schools in infusing elements of Catholic identity into curriculum and instruction based on the Common 
Core State Standards:  http://catholicschoolstandards.org/common-core  

http://catholicschoolstandards.org/common-core
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Kindergarten 
 

Grade K Overview 
 

Counting and Cardinality (CC)  
• Know number names and the count sequence. 
• Count to tell the number of objects. 
• Compare numbers. 

 
Operations and Algebraic Thinking (OA) 

• Understand addition as putting together and adding to, and 
understand subtraction as taking apart and taking from. 

 
Number and Operations in Base Ten (NBT) 

• Work with numbers 11–19 to gain foundations for place value. 
 
Measurement and Data (MD) 

• Describe and compare measurable attributes. 
• Classify objects and count the number of objects in categories. 

 
Geometry (G) 

• Identify and describe shapes. 
• Analyze, compare, create, and compose shapes. 

 

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

 

In Kindergarten, instructional time should focus on two critical areas: (1) representing, relating, and operating on whole numbers, initially with sets of 
objects; (2) describing shapes and space. More learning time in Kindergarten should be devoted to number than to other topics. 
 
(1) Students use numbers, including written numerals, to represent quantities and to solve quantitative problems, such as counting objects in a set; 
counting out a given number of objects; comparing sets or numerals; and modeling simple joining and separating situations with sets of objects, or 
eventually with equations such as 5 + 2 = 7 and 7 – 2 = 5. (Kindergarten students should see addition and subtraction equations, and student 
writing of equations in kindergarten is encouraged, but it is not required.) Students choose, combine, and apply effective strategies for answering 
quantitative questions, including quickly recognizing the cardinalities of small sets of objects, counting and producing sets of given sizes, counting 
the number of objects in combined sets, or counting the number of objects that remain in a set after some are taken away. 
 
(2) Students describe their physical world using geometric ideas (e.g., shape, orientation, spatial relations) and vocabulary. They identify, name, 
and describe basic two-dimensional shapes, such as squares, triangles, circles, rectangles,  and  hexagons, presented in a variety of ways (e.g., 
with different sizes or orientations), as well as three-dimensional shapes such as cones, cylinders, and spheres. They use basic shapes and spatial 
reasoning to model objects in their environment and to construct more complex shapes. 
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Counting and Cardinality 
Know number names and the count sequence. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.CC.1. Count to 100 by 
ones and by tens. 

K.MP.7. Look for and make 
use of structure. 
 
K.MP.8. Look for and express 
regularity in repeated 
reasoning. 

The emphasis of this standard is on the counting sequence. 
 
When counting by ones, students need to understand that the next number in the sequence is 
one more. When counting by tens, the next number in the sequence is “ten more” (or one more 
group of ten). 
 
Instruction on the counting sequence should be scaffolded (e.g., 1-10, then 1-20, etc.). 
 
Counting should be reinforced throughout the day, not in isolation. 
Examples: 

• Count the number of chairs of the students who are absent. 
• Count the number of stairs, shoes, etc. 
• Counting groups of ten such as “fingers in the classroom” (ten fingers per student).  

 
When counting orally, students should recognize the patterns that exist from 1 to 100. They 
should also recognize the patterns that exist when counting by 10s.  

K.CC.2. Count forward 
beginning from a given 
number within the known 
sequence (instead of having 
to begin at 1). 
 

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

The emphasis of this standard is on the counting sequence to 100. Students should be able to 
count forward from any number, 1-99. 
 

 

K.CC.3. Write numbers from 
0 to 20. Represent a number 
of objects with a written 
numeral 0–20 (with 0 
representing a count of no 
objects). 
 
Connections: K.CC.4; 
K.NBT.1; K.MD.3; K.RI.3 

K.MP.2. Reason abstractly 
and quantitatively. 
 
K.MP.7. Look for and make 
use of structure. 
 
K.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students should be given multiple opportunities to count objects and recognize that a number 
represents a specific quantity. Once this is established, students begin to read and write 
numerals (numerals are the symbols for the quantities). The emphasis should first be on 
quantity and then connecting quantities to the written symbols. 

• A sample unit sequence might include: 
1. Counting up to 20 objects in many settings and situations over several weeks. 
2. Beginning to recognize, identify, and read the written numerals, and match the 

numerals to given sets of objects. 
3. Writing the numerals to represent counted objects. 

• Since the teen numbers are not written as they are said, teaching the teen numbers as 
one group of ten and extra ones is foundational to understanding both the concept and 
the symbol that represents each teen number. For example, when focusing on the 
number “14,” students should count out fourteen objects using one-to-one 
correspondence and then use those objects to make one group of ten and four extra 
ones. Students should connect the representation to the symbol “14.” 
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Counting and Cardinality 
Count to tell the number of objects. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.CC.4. Understand the 
relationship between 
numbers and quantities; 
connect counting to 
cardinality. 
a. When counting objects, 

say the number names in 
the standard order, pairing 
each object with one and 
only one number name 
and each number name 
with one and only one 
object. 

b. Understand that the last 
number name said tells 
the number of objects 
counted. The number of 
objects is the same 
regardless of their 
arrangement or the order 
in which they were 
counted. 

c. Understand that each 
successive number name 
refers to a quantity that is 
one larger. 

 
Connections: K.RI.3;  
ET00-S1C4-01;  
ET00-S2C1-01 

K.MP.2. Reason abstractly 
and quantitatively. 
 
K.MP.7. Look for and make 
use of structure. 
 
K.MP.8. Look for and express 
regularity in repeated re 
atoning. 

This standard focuses on one-to-one correspondence and how cardinality connects with 
quantity. 

• For example, when counting three bears, the student should use the counting 
sequence, “1-2-3,” to count the bears and recognize that “three” represents the group 
of bears, not just the third bear. A student may use an interactive whiteboard to count 
objects, cluster the objects, and state, “This is three”. 

 
In order to understand that each successive number name refers to a quantity that is one 
larger, students should have experience counting objects, placing one more object in the group 
at a time. 

• For example, using cubes, the student should count the existing group, and then place 
another cube in the set. Some students may need to re-count from one, but the goal is 
that they would count on from the existing number of cubes. S/he should continue 
placing one more cube at a time and identify the total number in order to see that the 
counting sequence results in a quantity that is one larger each time one more cube is 
placed in the group. 

• A student may use a clicker (electronic response system) to communicate his/her 
count to the teacher. 
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Counting and Cardinality 
Count to tell the number of objects. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.CC.5. Count to answer 
“how many?” questions about 
as many as 20 things 
arranged in a line, a 
rectangular array, or a circle, 
or as many as 10 things in a 
scattered configuration; given 
a number from 1–20, count 
out that many objects. 
 
Connections: K.RI.4; 
ET00-S1C4-01;  
ET00-S2C1-01 

K.MP.2. Reason abstractly 
and quantitatively. 
 
K.MP.7. Look for and make 
use of structure. 
 
K.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students should develop counting strategies to help them organize the counting process to 
avoid re-counting or skipping objects. 
 
Examples: 

• If items are placed in a circle, the student may mark or identify the starting object. 
• If items are in a scattered configuration, the student may move the objects into an 

organized pattern. 
• Some students may choose to use grouping strategies such as placing objects in twos, 

fives, or tens (note: this is not a kindergarten expectation). 
• Counting up to 20 objects should be reinforced when collecting data to create charts 

and graphs. 
• A student may use a clicker (electronic response system) to communicate his/her 

count to the teacher. 
Counting and Cardinality 
Compare numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.CC.6. Identify whether the 
number of objects in one 
group is greater than, less 
than, or equal to the number 
of objects in another group, 
e.g., by using matching and 
counting strategies. (Include 
groups with up to ten objects) 
 
Connections: K.RI.3 

K.MP.2. Reason abstractly 
and quantitatively. 
 
K.MP.7. Look for and make 
use of structure. 
 
K.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students should develop a strong sense of the relationship between quantities and numerals 
before they begin comparing numbers. 
 
Other strategies: 

• Matching: Students use one-to-one correspondence, repeatedly matching one object 
from one set with one object from the other set to determine which set has more 
objects. 

• Counting: Students count the objects in each set, and then identify which set has 
more, less, or an equal number of objects. 

• Observation: Students may use observation to compare two quantities (e.g., by looking 
at two sets of objects, they may be able to tell which set has more or less without 
counting).  

• Observations in comparing two quantities can be accomplished through daily routines 
of collecting and organizing data in displays. Students create object graphs and 
pictographs using data relevant to their lives (e.g., favorite ice cream, eye color, pets, 
etc.). Graphs may be constructed by groups of students as well as by individual 
students. 

• Benchmark Numbers: This would be the appropriate time to introduce the use of 0, 5 
and 10 as benchmark numbers to help students further develop their sense of quantity 
as well as their ability to compare numbers. 

o Students state whether the number of objects in a set is more, less, or equal to 
a set that has 0, 5, or 10 objects. 
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Counting and Cardinality 
Count to tell the number of objects. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.CC.7. Compare two 
numbers between 1 and 10 
presented as written 
numerals. 
 
Connections: K.RI.3 

K.MP.2. Reason abstractly 
and quantitatively. 

Given two numerals, students should determine which is greater or less than the other. 

 
 
 
Operations and Algebraic Thinking 
Understand addition as putting together and adding to, and understand subtraction as taking apart and taking from. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.0A.1. Represent addition 
and subtraction with objects, 
fingers, mental images, 
drawings, sounds (e.g., 
claps), acting out situations, 
verbal explanations, 
expressions, or equations. 
(Drawings need not show 
details, but should show the 
mathematics in the problems.  
This applies wherever 
drawings are mentioned in 
the Standards.) 
 
Connections: K.OA.2; K.W.2; 
K.SL.2; ET00-S1C4-01;  
ET00-S2C1-01  

K.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
K.MP.2. Reason abstractly 
and quantitatively. 
 
K.MP.4. Model with 
mathematics. 
 
K.MP.5. Use appropriate 
tools strategically. 

Using addition and subtraction in a word problem context allows students to develop their 
understanding of what it means to add and subtract. 
 
Students should use objects, fingers, mental images, drawing, sounds, acting out situations 
and verbal explanations in order to develop the concepts of addition and subtraction. Then, 
they should be introduced to writing expressions and equations using appropriate terminology 
and symbols which include “+,” “–,” and “=”. 

• Addition terminology: add, join, put together, plus, combine, total 
• Subtraction terminology: minus, take away, separate, difference, compare 

 
Students may use document cameras or interactive whiteboards to represent the concept of 
addition or subtraction. This gives them the opportunity to communicate their thinking. 
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Operations and Algebraic Thinking 
Understand addition as putting together and adding to, and understand subtraction as taking apart and taking from. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.0A.2. Solve addition and 
subtraction word problems, 
and add and subtract within 
10, e.g., by using objects or 
drawings to represent the 
problem. 
 
Connections: K.OA.1; K.RI.4; 
K.W.2; K.SL.2: 
ET00-S1C4-01; 
ET00-S2C1-01 
 

K.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
K.MP.2. Reason abstractly 
and quantitatively. 
 
K.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
K.MP.4. Model with 
mathematics. 
 
K.MP.5. Use appropriate 
tools strategically. 

Using a word problem context allows students to develop their understanding about what it 
means to add and subtract. Addition is putting together and adding to. Subtraction is taking 
apart and taking from. Kindergarteners develop the concept of addition/subtraction by modeling 
the actions in word problem using objects, fingers, mental images, drawings, sounds, acting 
out situations, and/or verbal explanations. Students may use different representations based 
on their experiences, preferences, etc. They may connect their conceptual representations of 
the situation using symbols, expressions, and/or equations. Students should experience the 
following addition and subtraction problem types (see Table 1). 
 

• Add To word problems, such as, “Mia had 3 apples. Her friend gave her 2 more. How 
many does she have now?” 

o A student’s “think aloud” of this problem might be, “I know that Mia has some 
apples and she’s getting some more. So she’s going to end up with more 
apples than she started with.” 

•   Take From problems such as: 
o José had 8 markers and he gave 2 away. How many does he have now? 

When modeled, a student would begin with 8 objects and remove two to get 
the result. 

•   Put Together/Take Apart problems with Total Unknown gives students opportunities to 
work with addition in another context such as: 

o There are 2 red apples on the counter and 3 green apples on the counter.   
How many apples are on the counter?  

•   Solving Put Together/Take Apart problems with Both Addends Unknown provides 
students with experiences with finding all the decompositions of a number and 
investigating the patterns involved. 

o There are 10 apples on the counter. Some are red and some are green. How 
many apples could be green? How many apples could be red? 

  
Students may use a document camera or interactive whiteboard to demonstrate addition or 
subtraction strategies. This gives them the opportunity to communicate and justify their 
thinking. 
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Operations and Algebraic Thinking 
Understand addition as putting together and adding to, and understand subtraction as taking apart and taking from. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.0A.3. Decompose numbers 
less than or equal to 10 into 
pairs in more than one way, 
e.g., by using objects or 
drawings, and record each 
decomposition by a drawing 
or equation (e.g., 5 = 2 + 3 
and 5 = 4 + 1). 
 
Connections:  K.RI.3; K.W.2 

K.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
K.MP.2. Reason abstractly 
and quantitatively. 
 
K.MP.4. Model with 
mathematics. 
 
K.MP.7. Look for and make 
use of structure. 
 
K.MP.8. Look for and express 
regularity in repeated 
reasoning. 

This standard focuses on number pairs which add to a specified total, 1-10. These number 
pairs may be examined either in or out of context. 
 
Students may use objects such as cubes, two-color counters, square tiles, etc. to show 
different number pairs for a given number. For example, for the number 5, students may split a 
set of 5 objects into 1 and 4, 2 and 3, etc. 
 
Students may also use drawings to show different number pairs for a given number. For 
example, students may draw 5 objects, showing how to decompose in several ways. 
 

 
 
Sample unit sequence: 

• A contextual problem (word problem) is presented to the students such as, “Mia goes 
to Nan’s house. Nan tells her she may have 5 pieces of fruit to take home. There are 
lots of apples and bananas. How many of each can she take?” 

• Students find related number pairs using objects (such as cubes or two-color 
counters), drawings, and/or equations. Students may use different representations 
based on their experiences, preferences, etc. 

• Students may write equations that equal 5 such as: 
o 5=4+1 
o     3+2=5 
o     2+3=4+1 

This is a good opportunity for students to systematically list all the possible number pairs for a 
given number. For example, all the number pairs for 5 could be listed as 0+5, 1+4, 2+3, 3+2, 
4+1, and 5+0. Students should describe the pattern that they see in the addends, e.g., each 
number is one less or one than the previous addend. 
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Operations and Algebraic Thinking 
Understand addition as putting together and adding to, and understand subtraction as taking apart and taking from. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.0A.4. For any number from 
1 to 9, find the number that 
makes 10 when added to the 
given number, e.g., by using 
objects or drawings, and 
record the answer with a 
drawing or equation. 
 
Connections: K.RI.3; K.W.2; 
ET00-S1C4-01 

K.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
K.MP.2. Reason abstractly 
and quantitatively. 
 
K.MP.4. Model with 
mathematics. 
 
K.MP.7. Look for and make 
use of structure. 
 
K.MP.8. Look for and express 
regularity in repeated 
reasoning. 

The number pairs that total ten are foundational for students’ ability to work fluently within 
base-ten numbers and operations. Different models, such as ten-frames, cubes, two-color 
counters, etc., assist students in visualizing these number pairs for ten. 
 
Example 1: 
Students place three objects on a ten frame and then determine how many more are needed 
to “make a ten.” 
Students may use electronic versions of ten frames to develop this skill. 
 

 
 
Example 2: 
The student snaps ten cubes together to make a “train.” 

• Student breaks the “train” into two parts. S/he counts how many are in each part and 
record the associated equation (10 = ___ + ___). 

• Student breaks the “train into two parts. S/he counts how many are in one part and 
determines how many are in the other part without directly counting that part. Then 
s/he records the associated equation (if the counted part has 4 cubes, the equation 
would be 10 = 4 + ___). 

• Student covers up part of the train, without counting the covered part. S/he counts the 
cubes that are showing and determines how many are covered up. Then s/he records 
the associated equation (if the counted part has 7 cubes, the equation would be 10 = 7 
+ ___). 

 
Example 3: 
The student tosses ten two-color counters on the table and records how many of each color 
are facing up. 
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Operations and Algebraic Thinking 
Understand addition as putting together and adding to, and understand subtraction as taking apart and taking from. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.0A.5. Fluently add and 
subtract within 5. 
 
Connections: ET00-S1C4-01; 
ET00-S2C1-01 

K.MP.2. Reason abstractly 
and quantitatively. 
 
K.MP.7. Look for and make 
use of structure. 
 
K.MP.8. Look for and express 
regularity in repeated 
reasoning. 

This standard focuses on students being able to add and subtract numbers within 5. Adding 
and subtracting fluently refers to knowledge of procedures, knowledge of when and how to use 
them appropriately, and skill in performing them flexibly, accurately, and efficiently. 
 
Strategies students may use to attain fluency include: 

• Counting on (e.g., for 3+2, students will state, “3,” and then count on two more, “4, 5,” 
and state the solution is “5”) 

• Counting back (e.g., for 4-3, students will state, “4,” and then count back three, “3, 2, 
1” and state the solution is “1”) 

• Counting up to subtract (e.g., for 5-3, students will say, “3,” and then count up until 
they get to 5, keeping track of how many they counted up, stating that the solution is 
“2”) 

• Using doubles (e.g., for 2+3, students may say, “I know that 2+2 is 4, and 1 more is 5”) 
• Using commutative property (e.g., students may say, “I know that 2+1=3, so 1+2=3”) 
• Using fact families (e.g., students may say, “I know that 2+3=5, so 5-3=2”) 

 
Students may use electronic versions of five frames to develop fluency of these facts. 
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Number and Operations in Base Ten 
Work with numbers 11–19 to gain foundations for place value. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.NBT.1. Compose and 
decompose numbers from 11 
to 19 into ten ones and some 
further ones, e.g., by using 
objects or drawings, and 
record each composition or 
decomposition by a drawing 
or equation (e.g., 18 = 10 + 
8); understand that these 
numbers are composed of 
ten ones and one, two, three, 
four, five, six, seven, eight, or 
nine ones. 
 
Connections: K.CC.3; K.RI.3; 
K.W.2 

K.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
K.MP.2. Reason abstractly 
and quantitatively. 
 
K.MP.4. Model with 
mathematics. 
 
K.MP.7. Look for and make 
use of structure. 
 
K.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Special attention needs to be paid to this set of numbers as they do not follow a consistent 
pattern in the verbal counting sequence. 

• Eleven and twelve are special number words. 
• “Teen” means one “ten” plus ones. 
• The verbal counting sequence for teen numbers is backwards – we say the ones digit 

before the tens digit. For example “27” reads tens to ones (twenty-seven), but 17 reads 
ones to tens (seven-teen). 

• In order for students to interpret the meaning of written teen numbers, they should 
read the number as well as describe the quantity. For example, for 15, the students 
should read “fifteen” and state that it is one group of ten and five ones and record that 
15 = 10 + 5. 

 
Teaching the teen numbers as one group of ten and extra ones is foundational to 
understanding both the concept and the symbol that represent each teen number. For 
example, when focusing on the number “14,” students should count out fourteen objects using 
one-to-one correspondence and then use those objects to make one group of ten ones and 
four additional ones. Students should connect the representation to the symbol “14.” Students 
should recognize the pattern that exists in the teen numbers; every teen number is written with 
a 1 (representing one ten) and ends with the digit that is first stated. 
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Measurement and Data 
Describe and compare measurable attributes. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.MD.1. Describe 
measurable attributes of 
objects, such as length or 
weight. Describe several 
measurable attributes of a 
single object. 
 
Connections:  K.RI.3; K.SL.2; 
SC00-S5C1-01;  
ET00-S1C2-02 

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

In order to describe attributes such as length and weight, students must have many 
opportunities to informally explore these attributes. 

• Students should compare objects verbally and then focus on specific attributes when 
making verbal comparisons for K.MD.2. They may identify measurable attributes such 
as length, width, height, and weight. For example, when describing a soda can, a 
student may talk about how tall, how wide, how heavy, or how much liquid can fit inside. 
These are all measurable attributes. Non-measurable attributes include: words on the 
object, colors, pictures, etc.  

 
An interactive whiteboard or document camera may be used to model objects with measurable 
attributes. 

K.MD.2. Directly compare two 
objects with a measurable 
attribute in common, to see 
which object has “more 
of”/“less of” the attribute, and 
describe the difference. For 
example, directly compare 
the heights of two children 
and describe one child as 
taller/shorter. 
 
Connections: K.RI.3; K.SL.2; 
ET00-S1C4-01;  
ET00-S2C1-01;  
SC00-S1C3-02;  
SC00-S5C1-02 

K.MP.6. Attend to precision. 
 
K.MP.7. Look for and make 
use of structure. 

When making direct comparisons for length, students must attend to the “starting point” of 
each object. For example, the ends need to be lined up at the same point, or students need to 
compensate when the starting points are not lined up (conservation of length includes 
understanding that if an object is moved, its length does not change; an important concept 
when comparing the lengths of two objects). 
 
Language plays an important role in this standard as students describe the similarities and 
differences of measurable attributes of objects (e.g., shorter than, taller than, lighter than, the 
same as, etc.). 
 
An interactive whiteboard or document camera may be used to compare objects with 
measurable attributes. 
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Measurement and Data 
Classify objects and count the number of objects in each category. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.MD.3. Classify objects into 
given categories; count the 
numbers of objects in each 
category and sort the 
categories by count. (Limit 
category counts to be less 
than or equal to 10). 
 
Connections: K.CC.3; 
K.CC.4; K.CC.5; K.CC.6; 
K.CC.7; K.G.1; K.RI.3; 
SC00-S1C3-01 

K.MP.2. Reason abstractly 
and quantitatively. 
 
K.MP.7. Look for and make 
use of structure. 

Possible objects to sort include buttons, shells, shapes, beans, etc. After sorting and counting, 
it is important for students to: 

• explain how they sorted the objects; 
• label each set with a category;  
• answer a variety of counting questions that ask, “How many …”; and 
• compare sorted groups using words such as, “most”, “least”, “alike” and “different”. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 16 

Geometry 
Identify and describe shapes (squares, circles, triangles, rectangles, hexagons, cubes, cones, cylinders, and spheres). 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.G.1. Describe objects in the 
environment using names of 
shapes, and describe the 
relative positions of these 
objects using terms such as 
above, below, beside, in front 
of, behind, and next to. 
 
Connections: K.MD.3; K.G.4; 
K.RI.3; K.RI.2; K.SL.2; 
ET00-S1C4-01; 
ET00-S2C1-01;  
ET00-S2C3-01;  
SC00-S5C1-01;  
SC00-S5C2-01  
 

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

Examples of environments in which students would be encouraged to identify shapes would 
include nature, buildings, and the classroom using positional words in their descriptions. 
Teachers should work with children and pose four mathematical questions: Which way? How 
far? Where? And what objects? To answer these questions, children develop a variety of 
important skills contributing to their spatial thinking. 
 
Examples: 

• Teacher holds up an object such as an ice cream cone, a number cube, ball, etc. and 
asks students to identify the shape. Teacher holds up a can of soup and asks,” What 
shape is this can?” Students respond “cylinder!” 

• Teacher places an object next to, behind, above, below, beside, or in front of another 
object and asks positional questions. Where is the water bottle? (water bottle is placed 
behind a book)  Students say “The water bottle is behind the book.” 

 
Students should have multiple opportunities to identify shapes; these may be displayed as 
photographs, or pictures using the document camera or interactive whiteboard. 

K.G.2. Correctly name 
shapes regardless of their 
orientations or overall size. 

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

Students should be exposed to many types of triangles in many different orientations in order 
to eliminate the misconception that a triangle is always right-side-up and equilateral. 
 
 
 
 
Students should also be exposed to many shapes in many different sizes. 
 
Examples: 

• Teacher makes pairs of paper shapes that are different sizes. Each student is given 
one shape and the objective is to find the partner who has the same shape. 

• Teacher brings in a variety of spheres (tennis ball, basketball, globe, ping pong ball, 
etc) to demonstrate that size doesn’t change the name of a shape.  

K.G.3. Identify shapes as 
two-dimensional (lying in a 
plane, “flat”) or three-
dimensional (“solid”). 

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

Student should be able to differentiate between two dimensional and three dimensional 
shapes. 

• Student names a picture of a shape as two dimensional because it is flat and can be 
measured in only two ways (length and width). 

• Student names an object as three dimensional because it is not flat (it is a solid 
object/shape) and can be measured in three different ways (length, width, 
height/depth). 
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Geometry 
Analyze, compare, create, and compose shapes. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
K.G.4. Analyze and compare 
two- and three-dimensional 
shapes, in different sizes and 
orientations, using informal 
language to describe their 
similarities, differences, parts 
(e.g., number of sides and 
vertices/“corners”) and other 
attributes (e.g., having sides 
of equal length). 
 
Connections: K.MD.3; K.G.1; 
K.G.2; K.G.3; K.RI.3; K.W.2; 
K.SL.2 

K.MP.6. Attend to precision. 
 
K.MP.7. Look for and make 
use of structure. 

Students analyze and compare two- and three-dimensional shapes by observations. Their 
visual thinking enables them to determine if things are alike or different based on the 
appearance of the shape. Students sort objects based on appearance. Even in early 
explorations of geometric properties, they are introduced to how categories of shapes are 
subsumed within other categories. For instance, they will recognize that a square is a special 
type of rectangle. 
 
Students should be exposed to triangles, rectangles, and hexagons whose sides are not all 
congruent. They first begin to describe these shapes using everyday language and then refine 
their vocabulary to include sides and vertices/corners. Opportunities to work with pictorial 
representations, concrete objects, as well as technology helps student develop their 
understanding and descriptive vocabulary for both two- and three- dimensional shapes. 

K.G.5. Model shapes in the 
world by building shapes from 
components (e.g., sticks and 
clay balls) and drawing 
shapes. 

K.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
K.MP.4. Model with 
mathematics. 
 
K.MP.7. Look for and make 
use of structure. 

Because two-dimensional shapes are flat and three-dimensional shapes are solid, students 
should draw two-dimensional shapes and build three-dimensional shapes. Shapes may be 
built using materials such as clay, toothpicks, marshmallows, gumdrops, straws, etc. 

K.G.6. Compose simple 
shapes to form larger shapes. 
For example, "Can you join 
these two triangles with full 
sides touching to make a 
rectangle?” 
 
Connections: K.RI.3;  
ET00-S1C4-01;  
ET00-S2C1-01 

K.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
K.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
K.MP.4. Model with 
mathematics. 
 
MP.7. Look for and make use 
of structure. 

Students use pattern blocks, tiles, or paper shapes and technology to make new two- and 
three-dimensional shapes. Their investigations allow them to determine what kinds of shapes 
they can join to create new shapes. They answer questions such as “What shapes can you 
use to make a square, rectangle, circle, triangle? …etc.” 
 
Students may use a document camera to display shapes they have composed from other 
shapes. They may also use an interactive whiteboard to copy shapes and compose new 
shapes. They should describe and name the new shape.  
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Standards for Mathematical Practice 
Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

  In Kindergarten, students begin to build the understanding that doing mathematics involves 
solving problems and discussing how they solved them. Students explain to themselves the 
meaning of a problem and look for ways to solve it. Younger students may use concrete objects 
or pictures to help them conceptualize and solve problems. They may check their thinking by 
asking themselves, “Does this make sense?” or they may try another strategy. 

K.MP.2. Reason abstractly 
and quantitatively. 

 Younger students begin to recognize that a number represents a specific quantity. Then, they 
connect the quantity to written symbols. Quantitative reasoning entails creating a representation 
of a problem while attending to the meanings of the quantities. 

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

 Younger students construct arguments using concrete referents, such as objects, pictures, 
drawings, and actions. They also begin to develop their mathematical communication skills as 
they participate in mathematical discussions involving questions like “How did you get that?” and 
“Why is that true?” They explain their thinking to others and respond to others’ thinking. 

K.MP.4. Model with 
mathematics. 

 In early grades, students experiment with representing problem situations in multiple ways 
including numbers, words (mathematical language), drawing pictures, using objects, acting out, 
making a chart or list, creating equations, etc. Students need opportunities to connect the 
different representations and explain the connections. They should be able to use all of these 
representations as needed. 

K.MP.5. Use appropriate 
tools strategically. 

 Younger students begin to consider the available tools (including estimation) when solving a 
mathematical problem and decide when certain tools might be helpful. For instance, 
kindergarteners may decide that it might be advantageous to use linking cubes to represent two 
quantities and then compare the two representations side-by-side. 

K.MP.6. Attend to 
precision. 

 As kindergarteners begin to develop their mathematical communication skills, they try to use 
clear and precise language in their discussions with others and in their own reasoning. 

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

 Younger students begin to discern a pattern or structure. For instance, students recognize the 
pattern that exists in the teen numbers; every teen number is written with a 1 (representing one 
ten) and ends with the digit that is first stated. They also recognize that 3 + 2 = 5 and 2 + 3 = 5. 

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

 In the early grades, students notice repetitive actions in counting and computation, etc. For 
example, they may notice that the next number in a counting sequence is one more. When 
counting by tens, the next number in the sequence is “ten more” (or one more group of ten). In 
addition, students continually check their work by asking themselves, “Does this make sense?”  
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Table 1. Common addition and subtraction situations.6 
 

 Result Unknown Change Unknown Start Unknown 

Add to 

Two bunnies sat on the grass. Three more 
bunnies hopped there. How many 
bunnies are on the grass now? 

2 + 3 = ? 

Two bunnies were sitting on the grass. 
Some more bunnies hopped there. 
Then there were five bunnies. How 

many bunnies hopped over to the first 
two? 

2 + ? = 5 
 

Some bunnies were sitting on the grass. 
Three more bunnies hopped there. Then 
there were five bunnies. How many 
bunnies were on the grass before? 

? + 3 = 5 

Take from 

Five apples were on the table. I ate two 
apples. How many apples are on the 
table now? 

5 – 2 = ? 

Five apples were on the table. I ate 
some apples. Then there were three 
apples. How many apples did I eat? 

5 – ? = 3 

Some apples were on the table. I ate two 
apples. Then there were three apples. 
How many apples were on the table 
before? 

? – 2 = 3 
 Total Unknown Addend Unknown Both Addends Unknown1 

Put Together / Take 
Apart2 

Three red apples and two green apples are 
on the table. How many apples are on 
the table? 

3 + 2 = ? 

Five apples are on the table. Three are 
red and the rest are green. How many 
apples are green? 

3 + ? = 5, 5 – 3 = ? 

Grandma has five flowers. How many can 
she put in her red vase and how many in 
her blue vase? 

5 = 0 + 5, 5 = 5 + 0 
5 = 1 + 4, 5 = 4 + 1 
5 = 2 + 3, 5 = 3 + 2 
 

 Difference Unknown Bigger Unknown Smaller Unknown 

Compare3 

(“How many more?” version): 
Lucy has two apples. Julie has five apples. 

How many more apples does Julie have 
than Lucy? 

 
(“How many fewer?” version): 
Lucy has two apples. Julie has five apples. 

How many fewer apples does Lucy have 
than Julie? 

2 + ? = 5, 5 – 2 = ? 

(Version with “more”): 
Julie has three more apples than Lucy. 

Lucy has two apples. How many 
apples does Julie have? 

 
(Version with “fewer”): 
Lucy has 3 fewer apples than Julie. 

Lucy has two apples. How many 
apples does Julie have? 

2 + 3 = ?, 3 + 2 = ? 

(Version with “more”): 
Julie has three more apples than Lucy. Julie 

has five apples. How many apples does 
Lucy have? 

 
(Version with “fewer”): 
Lucy has 3 fewer apples than Julie. Julie 

has five apples. How many apples does 
Lucy have? 

5 – 3 = ?, ? + 3 = 5 
 

\6Adapted from Box 2-4 of Mathematics Learning in Early Childhood, National Research Council (2009, pp. 32, 33). 
1These take apart situations can be used to show all the decompositions of a given number. The associated equations, which have the total on the left of the equal sign, help 

children understand that the = sign does not always mean makes or results in but always does mean is the same number as. 
2Either addend can be unknown, so there are three variations of these problem situations. Both Addends Unknown is a productive extension of this basic situation, especially for 

small numbers less than or equal to 10. 
3For the Bigger Unknown or Smaller Unknown situations, one version directs the correct operation (the version using more for the bigger unknown and using less for the smaller 

unknown). The other versions are more difficult. 
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Kindergarten Team/Department and Course Outcomes  

 
K-2 TEAM/DEPARTMENT OUTCOMES: 
 

1. Students will be able to add and subtract within 100. (OA) 
2. Students will be able to represent and solve problems involving addition and subtraction within 1000. (OA) 
3. Students will be able to name place value to 1000. (NBT) 
4. Students will be able to measure and estimate lengths in standard units. (MD) 
5. Students will be able to apply time and money to real life experiences. (MD) 
6. Students will be able to represent and interpret data. (MD) 
7. Students will be able to reason with shapes and their attributes. (G) 

 
KINDERGARTEN COURSE OUTCOMES: 
 

1. Students will be able to know number names and count and sequence to 100. (CC) 
2. Students will be able to compare numbered groups of up to ten objects. (CC) 
3. Students will be able to count and write numbers up to 20. (CC) 
4. Students will be able to work with numbers 11-19 to gain foundations for place value. (NBT) 
5. Students will be able to recognize, within 10, addition as putting together and adding to, and subtraction as taking apart and taking 

away. (OA) 
6. Students will be able to fluently add and subtract within 5. (OA) 
7. Students will be able to compare and construct simple 2 and 3-dimensional shapes. (G) 
8. Students will be able to describe and compare measurable attributes. (MD) 
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Kindergarten Unit Concepts and Goals  

(1)  (Reference Standards CC.1, 2, 3, 4, 5, 6, 7) 
• Unit Concept – Counting and Comparing Numbers 
• Unit Goal – Students will be able to count and compare numbers in up to 100.  

(2)  (Reference Standards NBT.1) 
• Unit Concept – Place Value 
• Unit Goal – Students will be able to identify the tens and ones place value between numbers 11 -19.  

(3)  (Reference Standards OA. 1, 2, 3, 4, 5) 
• Unit Concept – Adding and Subtracting Whole Numbers 
• Unit Goal – Students will be able to use strategies to add to and take away.  

(4)  (Reference Standards G. 1, 2, 3, 4, 5, 6) 
• Unit Concept – Shapes and Their Attributes 
• Unit Goal – Students will be able to identify shapes and describe their attributes.  

(5)  (Reference Standards MD. 1, 2, 3) 
• Unit Concept – Measurement Attributes and Data 
• Unit Goal – Students will be able to describe objects and their measurable attributes.  
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Grade 1 
 

Grade 1 Overview 
 

Operations and Algebraic Thinking (OA) 
• Represent and solve problems involving addition and subtraction. 
• Understand and apply properties of operations and the relationship 

between addition and subtraction. 
• Add and subtract within 20. 
• Work with addition and subtraction equations. 

 
Number and Operations in Base Ten (NBT) 

• Extend the counting sequence. 
• Understand place value. 
• Use place value understanding and properties of operations to add 

and subtract. 
 
Measurement and Data (MD) 

• Measure lengths indirectly and by iterating length units. 
• Tell and write time. 
• Represent and interpret data. 

 
Geometry (G) 

• Reason with shapes and their attributes. 
 

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

 

 
In Grade 1, instructional time should focus on four critical areas: (1) developing understanding of addition, subtraction, and strategies for addition 
and subtraction within 20; (2) developing understanding of whole number relationships and place value, including grouping in tens and ones; (3) 
developing understanding of linear measurement and measuring lengths as iterating length units; and (4) reasoning about attributes of, and 
composing and decomposing geometric shapes. 
 
(1) Students develop strategies for adding and subtracting whole numbers based on their prior work with small numbers. They use a variety of 
models, including discrete objects and length-based models (e.g., cubes connected to form lengths), to model add-to, take-from, put-together, take-
apart, and compare situations to develop meaning for the operations of addition and subtraction, and to develop strategies to solve arithmetic 
problems with these operations. Students understand connections between counting and addition and subtraction (e.g., adding two is the same as 
counting on two). They use properties of addition to add whole numbers and to create and use increasingly sophisticated strategies based on these 
properties (e.g., “making tens”) to solve addition and subtraction problems within 20. By comparing a variety of solution strategies, children build 
their understanding of the relationship between addition and subtraction. 
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(2) Students develop, discuss, and use efficient, accurate, and generalizable methods to add within 100 and subtract multiples of 10. They compare 
whole numbers (at least to 100) to develop understanding of and solve problems involving their relative sizes. They think of whole numbers between 
10 and 100 in terms of tens and ones (especially recognizing the numbers 11 to 19 as composed of a ten and some ones). Through activities that 
build number sense, they understand the order of the counting numbers and their relative magnitudes. 
 
(3) Students develop an understanding of the meaning and processes of measurement, including underlying concepts such as iterating (the mental 
activity of building up the length of an object with equal-sized units) and the transitivity principle for indirect measurement. (Students should apply 
the principle of transitivity of measurement to make indirect comparisons, but they need not use this technical term.) 
 
(4) Students compose and decompose plane or solid figures (e.g., put two triangles together to make a quadrilateral) and build understanding of 
part-whole relationships as well as the properties of the original and composite shapes. As they combine shapes, they recognize them from different 
perspectives and orientations, describe their geometric attributes, and determine how they are alike and different, to develop the background for 
measurement and for initial understandings of properties such as congruence and symmetry. 
 
Operations and Algebraic Thinking (OA) 
Represent and solve problems involving addition and subtraction. 
Standards  Explanations and Examples 
Students are expected to:   
1.OA.1. Use addition and subtraction within 20 
to solve word problems involving situations of 
adding to, taking from, putting together, taking 
apart, and comparing, with unknowns in all 
positions, e.g., by using objects, drawings, and 
equations with a symbol for the unknown 
number to represent the problem. (See Table 
1.) 
 
Connections: 1.OA.2; 1OA.3; 1OA.6; 1.RI.3; 
ET01-S1C4-01; ET01-S2C1-01 

1.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
1.MP.4. Model with 
mathematics. 
 
1.MP.5. Use appropriate tools 
strategically. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Contextual problems that are closely connected to students’ lives should be 
used to develop fluency with addition and subtraction. Table 1 describes the four 
different addition and subtraction situations and their relationship to the position 
of the unknown. Students use objects or drawings to represent the different 
situations. 

• Take From example: Abel has 9 balls. He gave 3 to Susan.  How many 
balls does Abel have now? 
 

 
 

• Compare example: Abel has 9 balls. Susan has 3 balls. How many more 
balls does Abel have than Susan?  A student will use 9 objects to 
represent Abel’s 9 balls and 3 objects to represent Susan’s 3 balls. Then 
they will compare the 2 sets of objects. 

 

Note that even though the modeling of the two problems above is different, the 
equation, 9 - 3 = ?, can represent both situations yet the compare example can 
also be represented by 3 + ? = 9 (How many more do I need to make 9?) 
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Operations and Algebraic Thinking (OA) 
Represent and solve problems involving addition and subtraction. 
Standards  Explanations and Examples 
Students are expected to:   

It is important to attend to the difficulty level of the problem situations in relation 
to the position of the unknown. 

• Result Unknown, Total Unknown, and Both Addends Unknown 
problems are the least complex for students.  

• The next level of difficulty includes Change Unknown, Addend 
Unknown, and Difference Unknown 

• The most difficult are Start Unknown and versions of Bigger and Smaller 
Unknown (compare problems). 
 

Students may use document cameras to display their combining or separating 
strategies. This gives them the opportunity to communicate and justify their 
thinking. 

1.OA.2. Solve word problems that call for 
addition of three whole numbers whose sum is 
less than or equal to 20, e.g., by using objects, 
drawings, and equations with a symbol for the 
unknown number to represent the problem. 
 
Connections: 1.OA.1; 1.OA.3; 1.OA.6; 1.RI.3; 
ET01-S1C4-01; ET01-S2C1-01 

1.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
1.MP.4. Model with 
mathematics. 
 
1.MP.5.  Use appropriate tools 
strategically. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

To further students’ understanding of the concept of addition, students create 
word problems with three addends. They can also increase their estimation skills 
by creating problems in which the sum is less than 5, 10 or 20. They use 
properties of operations and different strategies to find the sum of three whole 
numbers such as: 

• Counting on and counting on again (e.g., to add 3 + 2 + 4 a student 
writes 3 + 2 + 4 = ? and thinks, “3, 4, 5, that’s 2 more, 6, 7, 8, 9 that’s 4 
more so 3 + 2 + 4 = 9.” 

• Making tens (e.g., 4 + 8 + 6 = 4 + 6 + 8 = 10 + 8 = 18) 
• Using “plus 10, minus 1” to add 9 (e.g., 3 + 9 + 6 A student thinks, “9 is 

close to 10 so I am going to add 10 plus 3 plus 6 which gives me 19. 
Since I added 1 too many, I need to take 1 away so the answer is 18.) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 26 

Operations and Algebraic Thinking (OA) 
Represent and solve problems involving addition and subtraction. 
Standards  Explanations and Examples 
Students are expected to:   

• Decomposing numbers between 10 and 20 into 1 ten plus some ones to 
facilitate adding the ones 

 

            
 

• Using doubles 
 

 

              
 

• Using near doubles (e.g.,5 + 6 + 3 = 5 + 5 + 1 + 3 = 10 + 4 =14) 
 

Students may use document cameras to display their combining strategies. This 
gives them the opportunity to communicate and justify their thinking. 

 
Operations and Algebraic Thinking (OA) 
Understand and apply properties of operations and the relationship between addition and subtraction. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.OA.3. Apply properties of operations as 
strategies to add and subtract. Examples: If 8 + 
3 = 11 is known, then 3 + 8 = 11 is also known. 
(Commutative property of addition.)  To add 2 + 
6 + 4, the second two numbers can be added to 
make a ten, so 2 + 6 + 4 = 2 + 10 = 12. 
(Associative property of addition.) (Students 
need not use formal terms for these properties.) 
 
Connections: 1.OA.1; 1.OA.2; 1.OA.7; 1.RI.3; 
ET01-S2C1-01 

1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.7. Look for and make use 
of structure. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students should understand the important ideas of the following properties: 
• Identity property of addition (e.g., 6 = 6 + 0) 
• Identity property of subtraction (e.g., 9 – 0 = 9) 
• Commutative property of addition (e.g., 4 + 5 = 5 + 4) 
• Associative property of addition (e.g., 3 + 9 + 1 = 3 + 10 = 13) 

 
Students need several experiences investigating whether the commutative 
property works with subtraction. The intent is not for students to experiment with 
negative numbers but only to recognize that taking 5 from 8 is not the same as 
taking 8 from 5. Students should recognize that they will be working with 
numbers later on that will allow them to subtract larger numbers from smaller 
numbers. However, in first grade we do not work with negative numbers. 

Students will use different strategies to add the              
6 and 8. 
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Operations and Algebraic Thinking (OA) 
Understand and apply properties of operations and the relationship between addition and subtraction. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.OA.4. Understand subtraction as an 
unknown-addend problem. For example, 
subtract 10 – 8 by finding the number that 
makes 10 when added to 8. 
 
Connections: 1.OA.5; 1.NBT.4; 1.RI.3 

1.MP.2. Reason abstractly and 
quantitatively. 
 
 1.MP.7. Look for and make 
use of structure. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

When determining the answer to a subtraction problem, 12 - 5, students think, “If 
I have 5, how many more do I need to make 12?” Encouraging students to 
record this symbolically, 5 + ? = 12, will develop their understanding of the 
relationship between addition and subtraction.  Some strategies they may use 
are counting objects, creating drawings, counting up, using number lines or 10 
frames to determine an answer. 
 
 

 
Operations and Algebraic Thinking (OA) 
Add and subtract within 20. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.OA.5. Relate counting to addition and 
subtraction (e.g., by counting on 2 to add 2). 
 
Connections:  1.RI.3 

1.MP.7. Look for and make use 
of structure. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students’ multiple experiences with counting may hinder their understanding of 
counting on and counting back as connected to addition and subtraction. To help 
them make these connections when students count on 3 from 4, they should 
write this as 4 + 3 = 7. When students count back (3) from 7, they should 
connect this to 7 – 3 = 4. Students often have difficulty knowing where to begin 
their count when counting backward. 

1.OA.6. Add and subtract within 20, 
demonstrating fluency for addition and 
subtraction within 10. Use strategies such as 
counting on; making ten (e.g., 8 + 6 = 8 + 2 + 4 
= 10 + 4 = 14); decomposing a number leading 
to a ten (e.g., 13 – 4 = 13 – 3 – 1 = 10 – 1 = 9); 
using the relationship between addition and 
subtraction (e.g., knowing that 8 + 4 = 12, one 
knows 12 – 8 = 4); and creating equivalent but 
easier or known sums (e.g., adding 6 + 7 by 
creating the known equivalent 6 + 6 + 1 = 12 + 
1 = 13). 
 
Connections: 1.OA.1; 1.OA.2; 1.OA.3; 1.OA.4; 
1.OA.5; ET01-S1C2-02 

1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.7. Look for and make use 
of structure. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

This standard is strongly connected to all the standards in this domain. It 
focuses on students being able to fluently add and subtract numbers to 10 and 
having experiences adding and subtracting within 20. By studying patterns and 
relationships in addition facts and relating addition and subtraction, students 
build a foundation for fluency with addition and subtraction facts. Adding and 
subtracting fluently refers to knowledge of procedures, knowledge of when and 
how to use them appropriately, and skill in performing them flexibly, accurately, 
and efficiently. The use of objects, diagrams, or interactive whiteboards and 
various strategies will help students develop fluency. 
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Operations and Algebraic Thinking (OA) 
Work with addition and subtraction equations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.OA.7. Understand the meaning of the equal 
sign, and determine if equations involving 
addition and subtraction are true or false. For 
example, which of the following equations are 
true and which are false? 6 = 6, 7 = 8 – 1, 5 + 2 
= 2 + 5, 4 + 1 = 5 + 2. 
 
Connections: 1.NBT.3; 1.RI.3; 1.SL.1;  
ET01-S1C2-02; ET01-S2C1-01 

1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
1.MP.6. Attend to precision. 
 
1.MP.7. Look for and make use 
of structure. 

Interchanging the language of “equal to” and “the same as” as well as “not equal 
to” and “not the same as” will help students grasp the meaning of the equal sign. 
Students should understand that “equality” means “the same quantity as”. In 
order for students to avoid the common pitfall that the equal sign means “to do 
something” or that the equal sign means “the answer is,” they need to be able to: 

 

• Express their understanding of the meaning of the equal sign 
• Accept sentences other than a + b = c as true (a = a, c = a + b,                  

a = a + 0, a + b = b + a) 
• Know that the equal sign represents a relationship between two equal  
       quantities 
• Compare expressions without calculating  

 
These key skills are hierarchical in nature and need to be developed over time.  
Experiences determining if equations are true or false help student develop 
these skills. Initially, students develop an understanding of the meaning of 
equality using models. However, the goal is for students to reason at a more 
abstract level. At all times students should justify their answers, make 
conjectures (e.g., if you add a number and then subtract that same number, you 
always get zero), and make estimations. 
 
Once students have a solid foundation of the key skills listed above, they can 
begin to rewrite true/false statements using the symbols, < and >. 
Examples of true and false statements:   

• 7 = 8 – 1 
• 8 = 8 
• 1 + 1 + 3 =7  
• 4 + 3 = 3 + 4 
• 6 – 1 = 1 – 6 
• 12 + 2 – 2 = 12 
• 9 + 3 = 10 
• 5 + 3 = 10 – 2 
• 3 + 4 + 5 = 3 + 5 + 4 
• 3 + 4 + 5 = 7 + 5 
• 13 = 10 + 4 
• 10 + 9 + 1 = 19 

 
Students can use a clicker (electronic response system) or interactive 
whiteboard to display their responses to the equations. This gives them the  
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Operations and Algebraic Thinking (OA) 
Work with addition and subtraction equations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

opportunity to communicate and justify their thinking. 
1.OA.8. Determine the unknown whole number 
in an addition or subtraction equation relating 
three whole numbers. For example, determine 
the unknown number that makes the equation 
true in each of the equations: 8 + ? = 11,  
5 = � – 3, 6 + 6 = �.  
 
Connections: 1.OA.1; 1.OA.3; 1.OA.5; 1.OA.6; 
1.NBT.4; 1.RI.3; ET01-S1C2-02;  
ET01-S2C1-01 

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

Students need to understand the meaning of the equal sign and know that the 
quantity on one side of the equal sign must be the same quantity on the other 
side of the equal sign. They should be exposed to problems with the unknown in 
different positions. Having students create word problems for given equations 
will help them make sense of the equation and develop strategic thinking. 
 
Examples of possible student “think-throughs”: 

• 8 + ? = 11: “8 and some number is the same as 11. 8 and 2 is 10 and 1 
more makes 11. So the answer is 3.” 

• 5 = ð – 3: “This equation means I had some cookies and I ate 3 of them. 
Now I have 5. How many cookies did I have to start with?  Since I have 
5 left and I ate 3, I know I started with 8 because I count on from 5. . . 6, 
7, 8.” 

 
Students may use a document camera or interactive whiteboard to display their 
combining or separating strategies for solving the equations. This gives them the 
opportunity to communicate and justify their thinking. 

   
Number and Operations in Base Ten (NBT) 
Extend the counting sequence. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.NBT.1. Count to 120, starting at any number 
less than 120. In this range, read and write 
numerals and represent a number of objects 
with a written numeral. 
 
Connections: 1.NBT.2; 1.RT.3; 1.SL.1; 1.W.2 

1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.7. Look for and make use 
of structure. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students use objects, words, and/or symbols to express their understanding of 
numbers. They extend their counting beyond 100 to count up to 120 by counting 
by 1s. Some students may begin to count in groups of 10 (while other students 
may use groups of 2s or 5s to count). Counting in groups of 10 as well as 
grouping objects into 10 groups of 10 will develop students understanding of 
place value concepts.  
 

Students extend reading and writing numerals beyond 20 to 120. After counting 
objects, students write the numeral or use numeral cards to represent the 
number. Given a numeral, students read the numeral, identify the quantity that 
each digit represents using numeral cards, and count out the given number of 
objects.  
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Operations and Algebraic Thinking (OA) 
Work with addition and subtraction equations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
 
Students should experience counting from different starting points (e.g., start at 
83; count to 120). To extend students’ understanding of counting, they should be 
given opportunities to count backwards by ones and tens. They should also 
investigate patterns in the base 10 system.  

Number and Operations in Base Ten (NBT) 
Understand place value. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.NBT.2 Understand that the two digits of a two-
digit number represent amounts of tens and 
ones. Understand the following as special 
cases: 

a. 10 can be thought of as a bundle of ten 
ones — called a “ten.” 

b. The numbers from 11 to 19 are 
composed of a ten and one, two, three, 
four, five, six, seven, eight, or nine 
ones.  

c. The numbers 10, 20, 30, 40, 50, 60, 70, 
80, 90 refer to one, two, three, four, 
five, six, seven, eight, or nine tens (and 
0 ones). 

 
Connections: ET01-S1C2-02; ET01-S2C1-01 
 

1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.7. Look for and make use 
of structure. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Understanding the concept of 10 is fundamental to children’s mathematical 
development. Students need multiple opportunities counting 10 objects and 
“bundling” them into one group of ten. They count between 10 and 20 objects 
and make a bundle of 10 with or without some left over (this will help students 
who find it difficult to write teen numbers). Finally, students count any number of 
objects up to 99, making bundles of 10s with or without leftovers. 
 

As students are representing the various amounts, it is important that an 
emphasis is placed on the language associated with the quantity.  For example, 
53 should be expressed in multiple ways such as 53 ones or 5 groups of ten with 
3 ones leftover. When students read numbers, they read them in standard form 
as well as using place value concepts. For example, 53 should be read as “fifty-
three” as well as five tens, 3 ones. Reading 10, 20, 30, 40, 50 as “one ten, 2 
tens, 3 tens, etc.” helps students see the patterns in the number system.  
  

Students may use the document camera or interactive whiteboard to 
demonstrate their “bundling” of objects. This gives them the opportunity to 
communicate their thinking. 

1.NBT.3. Compare two two-digit numbers 
based on meanings of the tens and ones digits, 
recording the results of comparisons with the 
symbols >, =, and <.  
 

1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.6. Attend to precision. 
 

Students use models that represent two sets of numbers. To compare, students 
first attend to the number of tens, then, if necessary, to the number of ones. 
Students may also use pictures, number lines, and spoken or written words to 
compare two numbers. Comparative language includes but is not limited to more 
than, less than, greater than, most, greatest, least, same as, equal to and not 
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Operations and Algebraic Thinking (OA) 
Work with addition and subtraction equations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
Connections:  1.RI.3; 1.SL.1; 1.W.2 1.MP.7. Look for and make use 

of structure. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

equal to. 

 
 
Number and Operations in Base Ten (NBT) 
Use place value understanding and properties of operations to add and subtract. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.NBT.4. Add within 100, including adding a 
two-digit number and a one-digit number, and 
adding a two-digit number and a multiple of 10, 
using concrete models or drawings and 
strategies based on place value, properties of 
operations, and/or the relationship between 
addition and subtraction; relate the strategy to a 
written method and explain the reasoning used. 
Understand that in adding two-digit numbers, 
one adds tens and tens, ones and ones; and 
sometimes it is necessary to compose a ten.  
 
Connections: 1.OA.1; 1.OA.2; 1.OA.3; 1.OA.5; 
1.OA.6; 1.NBT.2; 1.NBT.5; 1. SL.1; 1.W.2 

1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
1.MP.4. Model with 
mathematics. 
 
1.MP.7. Look for and make use 
of structure. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students extend their number fact and place value strategies to add within 100. 
They represent a problem situation using any combination of words, numbers, 
pictures, physical objects, or symbols. It is important for students to understand 
if they are adding a number that has 10s to a number with 10s, they will have 
more tens than they started with; the same applies to the ones.  Also, students 
should be able to apply their place value skills to decompose numbers. For 
example, 17 + 12 can be thought of 1 ten and 7 ones plus 1 ten and 2 ones. 
Numeral cards may help students decompose the numbers into 10s and 1s. 
 

Students should be exposed to problems both in and out of context and 
presented in horizontal and vertical forms. As students are solving problems, it is 
important that they use language associated with proper place value (see 
example). They should always explain and justify their mathematical thinking 
both verbally and in a written format. Estimating the solution prior to finding the 
answer focuses students on the meaning of the operation and helps them attend 
to the actual quantities. This standard focuses on developing addition - the intent 
is not to introduce traditional algorithms or rules. 
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Number and Operations in Base Ten (NBT) 
Use place value understanding and properties of operations to add and subtract. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

Examples: 
• 43 + 36 

Student counts the 10s (10, 20, 30…70 or 1, 2, 3…7 tens) and then the  
1s. 
 

               
 
 
 

• 28 
           +34 
 

Student thinks: 2 tens plus 3 tens is 5 tens or 50. S/he counts the ones 
and notices there is another 10 plus 2 more. 50 and 10 is 60 plus 2 more 
or 62. 
 

               
 
 

• 45 + 18 
Student thinks: Four 10s and one 10 are 5 tens or 50. Then 5 and 8 is 5 
+ 5 + 3 (or 8 + 2 + 3) or 13.  50 and 13 is 6 tens plus 3 more or 63. 
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Number and Operations in Base Ten (NBT) 
Use place value understanding and properties of operations to add and subtract. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• 29 
           +14 
 

Student thinks: “29 is almost 30. I added one to 29 to get to 30. 30 and 
14 is 44. Since I added one to 29, I have to subtract one so the answer 
is 43.” 
 
 

 
1.NBT.5. Given a two-digit number, mentally 
find 10 more or 10 less than the number, 
without having to count; explain the reasoning 
used. 
 
Connections: 1.NBT.2; ET01-S1C2-02 

1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
1.MP.7. Look for and make use 
of structure. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

This standard requires students to understand and apply the concept of 10 
which leads to future place value concepts. It is critical for students to do this 
without counting. Prior use of models such as base ten blocks, number lines, 
and 100s charts helps facilitate this understanding. It also helps students see the 
pattern involved when adding or subtracting 10.  
Examples:  

• 10 more than 43 is 53 because 53 is one more 10 than 43 
• 10 less than 43 is 33 because 33 is one 10 less than 43 

 
Students may use interactive versions of models (base ten blocks,100s charts, 
number lines, etc) to develop prior understanding. 

1.NBT.6. Subtract multiples of 10 in the range 
10–90 from multiples of 10 in the range 10–90 
(positive or zero differences), using concrete 
models or drawings and strategies based on 
place value, properties of operations, and/or the 
relationship between addition and subtraction; 
relate the strategy to a written method and 
explain the reasoning used. 
 
Connections: 1.NBT.2; 1.NBT.5; 1.RI.3; 1.W.2; 
ET01-S1C2-02 

1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
1.MP.4. Model with 
mathematics. 
 
1.MP.5. Use appropriate tools 
strategically. 
 
1.MP.7. Look for and make use 
of structure. 
 
1.MP.8. Look for and express 
regularity in repeated 
reasoning. 

This standard is foundational for future work in subtraction with more complex 
numbers. Students should have multiple experiences representing numbers that 
are multiples of 10 (e.g. 90) with models or drawings. Then they subtract 
multiples of 10 (e.g. 20) using these representations or strategies based on 
place value. These opportunities develop fluency of addition and subtraction 
facts and reinforce counting up and back by 10s.  
 
Examples: 

• 70 - 30: Seven 10s take away three 10s is four 10s 
• 80 - 50: 80, 70 (one 10), 60 (two 10s), 50 (three 10s), 40 (four 10s), 30 

(five 10s) 
• 60 - 40: I know that 4 + 2 is 6 so four 10s + two 10s is six 10s so 60 - 40 

is 20 
 
Students may use interactive versions of models (base ten blocks,100s charts, 
number lines, etc.) to demonstrate and justify their thinking. 
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Number and Operations in Base Ten (NBT) 
Use place value understanding and properties of operations to add and subtract. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
 

 
Measurement and Data (MD) 
Measure lengths indirectly and by iterating length units. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.MD.1. Order three objects by length; compare 
the lengths of two objects indirectly by using a 
third object.  
 
Connections: 1.RI.3; SC01-S1C2-01;  
SC01-S1C3-01; SC01-S5C1-01;  
SC01-S1C2-03; ET01-S2C1-01; ET01-S1C2-02 

1.MP.6. Attend to precision. 
 
1.MP.7. Look for and make use 
of structure. 

In order for students to be able to compare objects, students need to understand 
that length is measured from one end point to another end point. They determine 
which of two objects is longer, by physically aligning the objects. Typical 
language of length includes taller, shorter, longer, and higher. When students 
use bigger or smaller as a comparison, they should explain what they mean by 
the word. Some objects may have more than one measurement of length, so 
students identify the length they are measuring. Both the length and the width of 
an object are measurements of length. 
 
Examples for ordering: 

• Order three students by their height 
• Order pencils, crayons, and/or markers by length 
• Build three towers (with cubes) and order them from shortest to tallest 
• Three students each draw one line, then order the lines from longest to 

shortest  
 
Example for comparing indirectly: 

• Two students each make a dough “snake.” Given a tower of cubes, each 
student compares his/her snake to the tower. Then students make 
statements such as, “My snake is longer than the cube tower and your 
snake is shorter than the cube tower. So, my snake is longer than your 
snake.” 

 
Students may use interactive whiteboard or document camera to demonstrate 
and justify comparisons. 

1.MD.2. Express the length of an object as a 
whole number of length units, by laying multiple 
copies of a shorter object (the length unit) end 
to end; understand that the length 
measurement of an object is the number of 

1.MP.5. Use appropriate tools 
strategically. 
 
1.MP.6. Attend to precision. 
 

Students use their counting skills while measuring with non-standard units. 
While this standard limits measurement to whole numbers of length, in a natural 
environment, not all objects will measure to an exact whole unit. When students 
determine that the length of a pencil is six to seven paperclips long, they can 
state that it is about six paperclips long. 



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 35 

Measurement and Data (MD) 
Measure lengths indirectly and by iterating length units. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
same-size length units that span it with no gaps 
or overlaps. Limit to contexts where the object 
being measured is spanned by a whole number 
of length units with no gaps or overlaps. 
 
Connections:  1.SL.1; 1.RI.3; ET01-S1C2-02 

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

Example: 
• Ask students to use multiple units of the same object to measure the 

length of a pencil.  
(How many paper clips will it take to measure how long the pencil is?) 
 
 

   
 

Students may use the document camera or interactive whiteboard to 
demonstrate their counting and measuring skills.  

 
 
Measurement and Data (MD) 
Tell and write time. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.MD.3. Tell and write time in hours and half-
hours using analog and digital clocks. 
 
Connections: 1 SL.1; 1LRI.3; ET01-S1C2-02; 
ET01-S2C1-01 

1.MP.5. Use appropriate tools 
strategically. 
 
1.MP.6. Attend to precision. 
 
1.MP.7. Look for and make use 
of structure. 

Ideas to support telling time:  
• within a day, the hour hand goes around a clock twice (the hand moves 

only in one direction) 
• when the hour hand points exactly to a number, the time is exactly on 

the hour 
• time on the hour is written in the same manner as it appears on a digital 

clock 
• the hour hand moves as time passes, so when it is half way between 

two numbers it is at the half hour  
• there are 60 minutes in one hour; so halfway between an hour, 30 

minutes have passed   
• half hour is written with “30” after the colon  
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Measurement and Data (MD) 
Tell and write time. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

                    “It is 4 o’clock”                                                                                               

                 
 
“It is halfway between 8 o’clock and 9 o’clock. It is 8:30.” 
 

         
      
The idea of 30 being “halfway” is difficult for students to grasp. Students can 
write the numbers from 0 - 60 counting by tens on a sentence strip. Fold the 
paper in half and determine that halfway between 0 and 60 is 30. A number line 
on an interactive whiteboard may also be used to demonstrate this. 
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Measurement and Data (MD) 
Represent and interpret data. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.MD.4. Organize, represent, and interpret data 
with up to three categories; ask and answer 
questions about the total number of data points, 
how many in each category, and how many 
more or less are in one category than in 
another. 
 
Connections: 1.RI.4; 1.SL.2; 1.SL.3; 1.W.2; 
ET01-S4C2-02; ET01-S2C1-01;  
SC01-S1C3-03; SC01-S1C3-04 

1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
1.MP.4. Model with 
mathematics. 
 
.MP.5. Use appropriate tools 
strategically. 
 
1.MP.6. Attend to precision. 

Students create object graphs and tally charts using data relevant to their lives 
(e.g., favorite ice cream, eye color, pets, etc.). Graphs may be constructed by 
groups of students as well as by individual students. 
 
Counting objects should be reinforced when collecting, representing, and 
interpreting data. Students describe the object graphs and tally charts they 
create. They should also ask and answer questions based on these charts or 
graphs that reinforce other mathematics concepts such as sorting and 
comparing. The data chosen or questions asked give students opportunities to 
reinforce their understanding of place value, identifying ten more and ten less, 
relating counting to addition and subtraction and using comparative language 
and symbols. 
 
Students may use an interactive whiteboard to place objects onto a graph. This 
gives them the opportunity to communicate and justify their thinking. 
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Geometry (G) 
Reason with shapes and their attributes. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.G.1. Distinguish between defining attributes 
(e.g., triangles are closed and three-sided) 
versus non-defining attributes (e.g., color, 
orientation, overall size); build and draw shapes 
to possess defining attributes. 
 
Connections: 1.RI.3; 1.SL.1; 1.SL.2;  
ET01-S2C1-01; SC01-S5C1-01 

1.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
1.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
1.MP.4. Model with 
mathematics. 
 
1.MP.7. Look for and make use 
of structure. 

Attributes refer to any characteristic of a shape. Students use attribute language 
to describe a given two-dimensional shape: number of sides, number of 
vertices/points, straight sides, closed. A child might describe a triangle as “right 
side up” or “red.” These attributes are not defining because they are not relevant 
to whether a shape is a triangle or not. Students should articulate ideas such as, 
“A triangle is a triangle because it has three straight sides and is closed.”  It is 
important that students are exposed to both regular and irregular shapes so that 
they can communicate defining attributes. Students should use attribute 
language to describe why these shapes are not triangles. 

 
Students should also use appropriate language to describe a given three-
dimensional shape: number of faces, number of vertices/points, number of 
edges. 
 
Example: A cylinder may be described as a solid that has two circular faces 
connected by a curved surface (which is not considered a face). Students may 
say, “It looks like a can.” 
 
Students should compare and contrast two-and three-dimensional figures using 
defining attributes. 
 
Examples: 

• List two things that are the same and two things that are different 
between a triangle and a cube. 

• Given a circle and a sphere, students identify the sphere as being three-
dimensional but both are round.  

• Given a trapezoid, find another two-dimensional shape that has two 
things that are the same. 

 
Students may use interactive whiteboards or computer environments to move 
shapes into different orientations and to enlarge or decrease the size of a shape 
still keeping the same shape. They can also move a point/vertex of a triangle 
and identify that the new shape is still a triangle. When they move one 
point/vertex of a rectangle they should recognize that the resulting shape is no 
longer a rectangle. 
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Geometry (G) 
Reason with shapes and their attributes. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
1.G.2. Compose two-dimensional shapes 
(rectangles, squares, trapezoids, triangles, half-
circles, and quarter-circles) or three-
dimensional shapes (cubes, right rectangular 
prisms, right circular cones, and right circular 
cylinders) to create a composite shape, and 
compose new shapes from the composite 
shape.  (Students do not need to learn formal 
names such as “right rectangular prism.”) 
 
Connections: 1.RI.3; 1.SL.1; ET01-S2C1-01 

1.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
1.MP.4. Model with 
mathematics. 
 
1.MP.7. Look for and make use 
of structure. 

The ability to describe, use and visualize the effect of composing and 
decomposing shapes is an important mathematical skill. It is not only relevant to 
geometry, but is related to children’s ability to compose and decompose 
numbers. Students may use pattern blocks, plastic shapes, tangrams, or 
computer environments to make new shapes. The teacher can provide students 
with cutouts of shapes and ask them to combine them to make a particular 
shape. 
 
Example: 

• What shapes can be made from four squares? 
 

                 
 
Students can make three-dimensional shapes with clay or dough, slice into two 
pieces (not necessarily congruent) and describe the two resulting shapes. For 
example, slicing a cylinder will result in two smaller cylinders. 

1.G.3. Partition circles and rectangles into two 
and four equal shares, describe the shares 
using the words halves, fourths, and quarters, 
and use the phrases half of, fourth of, and 
quarter of. Describe the whole as two of, or four 
of the shares. Understand for these examples 
that decomposing into more equal shares 
creates smaller shares.  
 
Connections: 1.RI.3; 1.RI.4; 1.SL.1; 1.SL.2; 
ET01-S2C1-01 

1.MP.2. Reason abstractly and 
quantitatively. 
 
1.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
1.MP.6. Attend to precision. 
 
1.MP.7. Look for and make use 
of structure. 
 
 

Students need experiences with different sized circles and rectangles to 
recognize that when they cut something into two equal pieces, each piece will 
equal one half of its original whole. Children should recognize that halves of two 
different wholes are not necessarily the same size. Also they should reason that 
decomposing equal shares into more equal shares results in smaller equal 
shares. 
 
 
Examples: 

• Student partitions a rectangular candy bar to share equally with one friend 
and thinks “I cut the rectangle into two equal parts. When I put the two 
parts back together, they equal the whole candy bar. One half of the 
candy bar is smaller than the whole candy bar.” 

 

              
 
 

• Student partitions an identical rectangular candy bar to share equally with 
3 friends and thinks “I cut the rectangle into four equal parts. Each piece 



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 40 

Geometry (G) 
Reason with shapes and their attributes. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

is one fourth of or one quarter of the whole candy bar. When I put the 
four parts back together, they equal the whole candy bar. I can compare 
the pieces (one half and one fourth) by placing them side-by-side. One 
fourth of the candy bar is smaller than one half of the candy bar. 
 

             
 

• Students partition a pizza to share equally with three friends. They 
recognize that they now have four equal pieces and each will receive a 
fourth or quarter of the whole pizza. 
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Standards for Mathematical Practice 
Standards  Explanations and Examples   
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

  In first grade, students realize that doing mathematics involves solving problems and discussing 
how they solved them. Students explain to themselves the meaning of a problem and look for 
ways to solve it. Younger students may use concrete objects or pictures to help them 
conceptualize and solve problems. They may check their thinking by asking themselves, “Does 
this make sense?” They are willing to try other approaches. 

1.MP.2. Reason abstractly 
and quantitatively. 

 Younger students recognize that a number represents a specific quantity. They connect the 
quantity to written symbols. Quantitative reasoning entails creating a representation of a problem 
while attending to the meanings of the quantities. 

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

 First graders construct arguments using concrete referents, such as objects, pictures, drawings, 
and actions. They also practice their mathematical communication skills as they participate in 
mathematical discussions involving questions like “How did you get that?” “Explain your 
thinking,” and “Why is that true?” They not only explain their own thinking, but listen to others’ 
explanations. They decide if the explanations make sense and ask questions. 

1.MP.4. Model with 
mathematics. 

 In early grades, students experiment with representing problem situations in multiple ways 
including numbers, words (mathematical language), drawing pictures, using objects, acting out, 
making a chart or list, creating equations, etc. Students need opportunities to connect the 
different representations and explain the connections. They should be able to use all of these 
representations as needed. 

1.MP.5. Use appropriate 
tools strategically. 

 In first grade, students begin to consider the available tools (including estimation) when solving a 
mathematical problem and decide when certain tools might be helpful. For instance, first graders 
decide it might be best to use colored chips to model an addition problem. 

1.MP.6. Attend to 
precision. 

 As young children begin to develop their mathematical communication skills, they try to use clear 
and precise language in their discussions with others and when they explain their own 
reasoning. 

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

 First graders begin to discern a pattern or structure. For instance, if students recognize 12 + 3 = 
15, then they also know 3 + 12 = 15. (Commutative property of addition.)  To add 4 + 6 + 4, the 
first two numbers can be added to make a ten, so 4 + 6 + 4 = 10 + 4 = 14. 

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

 In the early grades, students notice repetitive actions in counting and computation, etc.  When 
children have multiple opportunities to add and subtract “ten” and multiples of “ten” they notice 
the pattern and gain a better understanding of place value. Students continually check their work 
by asking themselves, “Does this make sense?”  
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Table 1. Common addition and subtraction situations.6 

 
 Result Unknown Change Unknown Start Unknown 

Add to 

Two bunnies sat on the grass. Three more 
bunnies hopped there. How many bunnies 
are on the grass now? 
2 + 3 = ? 

Two bunnies were sitting on the grass. 
Some more bunnies hopped there. 
Then there were five bunnies. How 
many bunnies hopped over to the first 
two? 
2 + ? = 5 
 

Some bunnies were sitting on the grass. 
Three more bunnies hopped there. Then 
there were five bunnies. How many bunnies 
were on the grass before? 
? + 3 = 5 

Take from 
Five apples were on the table. I ate two 
apples. How many apples are on the table 
now? 
5 – 2 = ? 

Five apples were on the table. I ate 
some apples. Then there were three 
apples. How many apples did I eat? 
5 – ? = 3 

Some apples were on the table. I ate two 
apples. Then there were three apples. How 
many apples were on the table before? 
? – 2 = 3 

 Total Unknown Addend Unknown Both Addends Unknown1 

Put Together / Take 
Apart2 

Three red apples and two green apples are 
on the table. How many apples are on the 
table? 
3 + 2 = ? 

Five apples are on the table. Three are 
red and the rest are green. How many 
apples are green? 
3 + ? = 5, 5 – 3 = ? 

Grandma has five flowers. How many can 
she put in her red vase and how many in 
her blue vase? 
5 = 0 + 5, 5 = 5 + 0 
5 = 1 + 4, 5 = 4 + 1 
5 = 2 + 3, 5 = 3 + 2 
 

 Difference Unknown Bigger Unknown Smaller Unknown 

Compare3 

(“How many more?” version): 
Lucy has two apples. Julie has five apples. 
How many more apples does Julie have 
than Lucy? 
 
(“How many fewer?” version): 
Lucy has two apples. Julie has five apples. 
How many fewer apples does Lucy have 
than Julie? 
2 + ? = 5, 5 – 2 = ? 

(Version with “more”): 
Julie has three more apples than Lucy. 
Lucy has two apples. How many apples 
does Julie have? 
 
(Version with “fewer”): 
Lucy has 3 fewer apples than Julie. 
Lucy has two apples. How many apples 
does Julie have? 
2 + 3 = ?, 3 + 2 = ? 

(Version with “more”): 
Julie has three more apples than Lucy. Julie 
has five apples. How many apples does 
Lucy have? 
 
(Version with “fewer”): 
Lucy has 3 fewer apples than Julie. Julie 
has five apples. How many apples does 
Lucy have? 
5 – 3 = ?, ? + 3 = 5 

 

6Adapted from Box 2-4 of Mathematics Learning in Early Childhood, National Research Council (2009, pp. 32, 33). 
1These take apart situations can be used to show all the decompositions of a given number. The associated equations, which have the total on the left of the equal sign, help 
children understand that the = sign does not always mean makes or results in but always does mean is the same number as. 
2Either addend can be unknown, so there are three variations of these problem situations. Both Addends Unknown is a productive extension of this basic situation, especially for 
small numbers less than or equal to 10. 
3For the Bigger Unknown or Smaller Unknown situations, one version directs the correct operation (the version using more for the bigger unknown and using less for the smaller 
unknown). The other versions are more difficult. 
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1st Grade Team/Department and Course Outcomes  

 
K-2 TEAM/DEPARTMENT OUTCOMES 
 

1. Students will be able to add and subtract within 100. (OA) 
2. Students will be able to represent and solve problems involving addition and subtraction within 1000. (OA) 
3. Students will be able to name place value to 1000. (NBT) 
4. Students will be able to measure and estimate lengths in standard units. (MD) 
5. Students will be able to apply time and money to real life experiences. (MD) 
6. Students will be able to represent and interpret data. (MD) 
7. Students will be able to reason with shapes and their attributes. (G) 

 
1ST GRADE COURSE OUTCOMES: 
 

1. Students will be able to extend the counting sequence, reading and writing numbers to 120. (NBT) 
2. Students will be able to use place value recognition and properties of operations to add and subtract within 100. (NBT) 
3. Students will be able to solve addition and subtraction equations within 20. (OA) 
4. Students will be able to apply properties of operations and the relationship between addition and subtraction. (OA) 
5. Students will be able to fluently add and subtract within 20. (OA) 
6. Students will be able to reason with two- and three-dimensional shapes and their attributes. (G) 
7. Students will be able to measure and compare lengths using non-standard and standard units. (MD) 
8. Students will be able to tell and write time to the hour and half-hour. (MD) 
9. Students will be able to represent and interpret data with up to three categories. (MD). 
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1st Grade Unit Concepts and Goals  
(1)  (Reference Standards NBT.1) 

• Unit Concept – Count, Read and Write Numbers 
• Unit Goal – Students will be able to count, read and write whole numbers up to 120. 

(2)  (Reference Standards NBT. 2, NBT.3, NBT. 4) 
• Unit Concept – Place Value 
• Unit Goal – Students will be able to identify that the two digits number represent amount of tens and ones. (extended 

lesson: compare two digits) number) 

(3)  (Reference Standards OA. 1, OA.2, OA. 3, OA. 4, OA.5, OA.6, OA.7, OA.8) 
• Unit Concept – Adding and Subtracting Whole Numbers 
• Unit Goal – Students will be able to use strategies to solve addition and subtraction facts and word problems within 20.  

(4)  (Reference Standards G. 1, G.2, G.3) 
• Unit Concept – Shapes and Their Attributes 
• Unit Goal – Students will be able to distinguish between defining attributes of two and three dimensional shapes. 

(5)  (Reference Standards MD. 1, MD.2, MD.3, MD.4) 
• Unit Concept – Measurement  Attributes and Data 
• Unit Goal – Students will be able to measure length, time, and interpret data on a graph. 
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Grade 2 
 

Grade 2 Overview 
 

Operations and Algebraic Thinking (OA) 
• Represent and solve problems involving addition and subtraction. 
• Add and subtract within 20. 
• Work with equal groups of objects to gain foundations for 

multiplication. 
 
Number and Operations in Base Ten (NBT) 

• Understand place value. 
• Use place value understanding and properties of operations to 

add and subtract. 
 
Measurement and Data (MD) 

• Measure and estimate lengths in standard units. 
• Relate addition and subtraction to length. 
• Work with time and money. 
• Represent and interpret data. 

 
Geometry (G) 

• Reason with shapes and their attributes. 
 

Mathematical Practices (MP) 
9. Make sense of problems and persevere in solving them. 
10. Reason abstractly and quantitatively. 
11. Construct viable arguments and critique the reasoning of others. 
12. Model with mathematics. 
13. Use appropriate tools strategically. 
14. Attend to precision. 
15. Look for and make use of structure. 
16. Look for and express regularity in repeated reasoning. 

 

 
In Grade 2, instructional time should focus on four critical areas: (1) extending understanding of base-ten notation; (2) building fluency with addition 
and subtraction; (3) using standard units of measure; and (4) describing and analyzing shapes. 
 
(1) Students extend their understanding of the base-ten system. This includes ideas of counting in fives, tens, and multiples of hundreds, tens, and 
ones, as well as number relationships involving these units, including comparing. Students understand multi-digit numbers (up to 1000) written in 
base-ten notation, recognizing that the digits in each place represent amounts of thousands, hundreds, tens, or ones (e.g., 853 is 8 hundreds + 5 
tens + 3 ones). 
 
(2) Students use their understanding of addition to develop fluency with addition and subtraction within 100. They solve problems within 1000 by 
applying their understanding of models for addition and subtraction, and they develop, discuss, and use efficient, accurate, and generalizable 
methods to compute sums and differences of whole numbers in base-ten notation, using their understanding of place value and the properties of 
operations. They select and accurately apply methods that are appropriate for the context and the numbers involved to mentally calculate sums and 
differences for numbers with only tens or only hundreds. 
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(3) Students recognize the need for standard units of measure (centimeter and inch) and they use rulers and other measurement tools with the 
understanding that linear measure involves an iteration of units. They recognize that the smaller the unit, the more iterations they need to cover a 
given length. 
 
(4) Students describe and analyze shapes by examining their sides and angles. Students investigate, describe, and reason about decomposing and 
combining shapes to make other shapes. Through building, drawing, and analyzing two- and three-dimensional shapes, students develop a 
foundation for understanding area, volume, congruence, similarity, and symmetry in later grades. 
 
Operations and Algebraic Thinking (OA) 
Represent and solve problems involving addition and subtraction. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.OA.1. Use addition and subtraction within 100 
to solve one- and two-step word problems 
involving situations of adding to, taking from, 
putting together, taking apart, and comparing, 
with unknowns in all positions, e.g., by using 
drawings and equations with a symbol for the 
unknown number to represent the problem. 
(See Table 1.) 
 
Connections: 2.NBT.5; 2.RI.3; 2.RI.4; 2.SL.2; 
ET02-S2C1-01 

2.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
2.MP.4. Model with 
mathematics. 
 
2.MP.5. Use appropriate tools 
strategically. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Word problems that are connected to students’ lives can be used to develop 
fluency with addition and subtraction. Table 1 describes the four different 
addition and subtraction situations and their relationship to the position of the 
unknown.  
 

Examples: 
• Take From example: David had 63 stickers. He gave 37 to Susan. How 

many stickers does David have now?  63 – 37 =  
• Add To example: David had $37. His grandpa gave him some money for 

his birthday. Now he has $63.  How much money did David’s grandpa 
give him?  $37 +        = $63   

• Compare example: David has 63 stickers. Susan has 37 stickers. How 
many more stickers does David have than Susan?  63 – 37 =  

o Even though the modeling of the two problems above is 
different, the equation, 63 - 37 = ?, can represent both situations 
(How many more do I  need to make 63?) 

• Take From (Start Unknown) David had some stickers. He gave 37 to 
Susan.  Now he has 26 stickers. How many stickers did David have 
before?        - 37 = 26  

 

It is important to attend to the difficulty level of the problem situations in relation 
to the position of the unknown. 

• Result Unknown, Total Unknown, and Both Addends Unknown 
problems are the least complex for students.  

• The next level of difficulty includes Change Unknown, Addend 
Unknown, and Difference Unknown 

• The most difficult are Start Unknown and versions of Bigger and Smaller 
Unknown (compare problems). 
 

Second graders should work on ALL problem types regardless of the level of 
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Operations and Algebraic Thinking (OA) 
Represent and solve problems involving addition and subtraction. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

difficulty. Mastery is expected in second grade. Students can use interactive 
whiteboard or document camera to demonstrate and justify their thinking. 
 
This standard focuses on developing an algebraic representation of a word 
problem through addition and subtraction --the intent is not to introduce 
traditional algorithms or rules. 

 
Operations and Algebraic Thinking (OA) 
Add and subtract within 20. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.OA.2. Fluently add and subtract within 20 
using mental strategies. By end of Grade 2, 
know from memory all sums of two one-digit 
numbers. (See standard 1.OA.6 for a list of 
mental strategies.) 
 
Connections: 2.NBT.5; 2.NBT.9; ET02-S2C1-01 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.7. Look for and make use 
of structure. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

This standard is strongly connected to all the standards in this domain. It 
focuses on students being able to fluently add and subtract numbers to 20. 
Adding and subtracting fluently refers to knowledge of procedures, knowledge of 
when and how to use them appropriately, and skill in performing them flexibly, 
accurately, and efficiently.  
 

Mental strategies help students make sense of number relationships as they are 
adding and subtracting within 20. The ability to calculate mentally with efficiency 
is very important for all students. Mental strategies may include the following: 

• Counting on 
• Making tens (9 + 7 = 10 + 6) 
• Decomposing a number leading to a ten ( 14 – 6 = 14 – 4 – 2 = 10 – 2 = 

8) 
• Fact families  (8 + 5 = 13 is the same as 13 - 8 = 5) 
• Doubles 
• Doubles plus one (7 + 8 = 7 + 7 + 1) 

 

However, the use of objects, diagrams, or interactive whiteboards, and various 
strategies will help students develop fluency. 
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Operations and Algebraic Thinking (OA) 
Work with equal groups of objects to gain foundations for multiplication. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.OA.3. Determine whether a group of objects 
(up to 20) has an odd or even number of 
members, e.g., by pairing objects or counting 
them by 2s; write an equation to express an 
even number as a sum of two equal addends. 
 
Connections: 2.OA.4; 2.RI.3; 2.RI.4;  
ET02-S1C1-01; ET02-S2C1-01 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.3, Construct viable 
arguments and critique the 
reasoning of others. 
 
2.MP.7. Look for and make use 
of structure. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students explore odd and even numbers in a variety of ways including the 
following: students may investigate if a number is odd or even by determining if 
the number of objects can be divided into two equal sets, arranged into pairs or 
counted by twos. After the above experiences, students may derive that they 
only need to look at the digit in the ones place to determine if a number is odd or 
even since any number of tens will always split into two even groups.  
 
Example: 
 
Students need opportunities writing equations representing sums of two equal 
addends, such as: 2 + 2 = 4, 3 + 3 = 6, 5 + 5 = 10,  6 + 6 = 12, or 8 + 8 =16. This 
understanding will lay the foundation for multiplication and is closely connected 
to 2.OA.4. 
 
The use of objects and/or interactive whiteboards will help students develop and 
demonstrate various strategies to determine even and odd numbers. 
 

2.OA.4. Use addition to find the total number of 
objects arranged in rectangular arrays with up 
to 5 rows and up to 5 columns; write an 
equation to express the total as a sum of equal 
addends. 
 
Connections: 2.OA.3, 2.RI.3; ET02-S1C2-01;               
ET02-S1C2-02; ET02-S2C1-01 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.3, Construct viable 
arguments and critique the 
reasoning of others. 
 
2.MP.7. Look for and make use 
of structure. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students may arrange any set of objects into a rectangular array. Objects can be 
cubes, buttons, counters, etc. Objects do not have to be square to make an 
array. Geoboards can also be used to demonstrate rectangular arrays. Students 
then write equations that represent the total as the sum of equal addends as 
shown below. 
 
         
 
 
            4 + 4 + 4 = 12              5 + 5 + 5 + 5 = 20 
 
Interactive whiteboards and document cameras may be used to help students 
visualize and create arrays. 
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Number and Operations in Base Ten (NBT) 
Understand place value. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.NBT.1. Understand that the three digits of a 
three-digit number represent amounts of 
hundreds, tens, and ones; e.g., 706 equals 7 
hundreds, 0 tens, and 6 ones. Understand the 
following as special cases: 

a. 100 can be thought of as a bundle of ten 
tens—called a “hundred.” 

b. The numbers 100, 200, 300, 400, 500, 
600, 700, 800, 900 refer to one, two, 
three, four, five, six, seven, eight, or 
nine hundreds (and 0 tens and 0 ones). 
 

Connections: 2.NBT.5; 2.RI.3; 2.RI.4; 2.SL.3; 
ET02-S1C2-01; ET02-S1C2-01; ET02-S2C1-01 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.7. Look for and make use 
of structure. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Understanding that 10 ones make one ten and that 10 tens make one hundred is 
fundamental to students’ mathematical development. Students need multiple 
opportunities counting and “bundling” groups of tens in first grade. In second 
grade, students build on their understanding by making bundles of 100s with or 
without leftovers using base ten blocks, cubes in towers of 10, ten frames, etc. 
This emphasis on bundling hundreds will support students’ discovery of place 
value patterns.  
 

As students are representing the various amounts, it is important that emphasis 
is placed on the language associated with the quantity. For example, 243 can be 
expressed in multiple ways such as 2 groups of hundred, 4 groups of ten and 3 
ones, as well as 24 tens and 3 ones. When students read numbers, they should 
read in standard form as well as using place value concepts. For example, 243 
should be read as “two hundred forty-three” as well as two hundreds, 4 tens, 3 
ones.  
 
A document camera or interactive whiteboard can also be used to demonstrate 
“bundling” of objects. This gives students the opportunity to communicate their 
thinking. 

2.NBT.2. Count within 1000; skip-count by 5s, 
10s, and 100s. 
 
Connections: 2.NBT.8; ET02-S1C3-01 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.7. Look for and make use 
of structure. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students need many opportunities counting, up to 1000, from different starting 
points. They should also have many experiences skip counting by 5s, 10s, and 
100s to develop the concept of place value.   
 

Examples: 
• The use of the 100s chart may be helpful for students to identify the 

counting patterns. 
• The use of money (nickels, dimes, dollars) or base ten blocks may be 

helpful visual cues. 
• The use of an interactive whiteboard may also be used to develop 

counting skills. 
 
The ultimate goal for second graders is to be able to count in multiple ways with 
no visual support. 
 
 

2.NBT.3. Read and write numbers to 1000 
using base-ten numerals, number names, and 
expanded form. 
 
Connections: 2.SL.2; 2.RI.3 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.7. Look for and make use 
of structure. 

Students need many opportunities reading and writing numerals in multiple 
ways. 
 
Examples: 

• Base-ten numerals 637                      (standard form) 
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Number and Operations in Base Ten (NBT) 
Understand place value. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

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

• Number names  six hundred thirty seven      (written form) 
• Expanded form              600 + 30 + 7                    (expanded notation) 

 

When students say the expanded form, it may sound like this: “6 hundreds plus 
3 tens plus 7 ones” OR 600 plus 30 plus 7.” 

2.NBT.4. Compare two three-digit numbers 
based on meanings of the hundreds, tens, and 
ones digits, using >, =, and < symbols to record 
the results of comparisons. 
 
Connections: 2.NBT.03; 2.RI.3; ET02-S1C2-02 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.6. Attend to precision. 
 
2.MP.7. Look for and make use 
of structure. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students may use models, number lines, base ten blocks, interactive 
whiteboards, document cameras, written words, and/or spoken words that 
represent two three-digit numbers. To compare, students apply their 
understanding of place value. They first attend to the numeral in the hundreds 
place, then the numeral in tens place, then, if necessary, to the numeral in the 
ones place.  
 
Comparative language includes but is not limited to: more than, less than, 
greater than, most, greatest, least, same as, equal to and not equal to. Students 
use the appropriate symbols to record the comparisons. 
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Number and Operations in Base Ten (NBT) 
Use place value understanding and properties of operations to add and subtract. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.NBT.5. Fluently add and subtract within 100 
using strategies based on place value, 
properties of operations, and/or the relationship 
between addition and subtraction.  
 
Connections: 2.OA.2; 2.NBT.1; 2.NBT.3; 2.RI.3; 
2.W.2; 2.SL.3 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.7. Look for and make use 
of structure. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Adding and subtracting fluently refers to knowledge of procedures, knowledge of 
when and how to use them appropriately, and skill in performing them flexibly, 
accurately, and efficiently. Students should have experiences solving problems 
written both horizontally and vertically. They need to communicate their thinking 
and be able to justify their strategies both verbally and with paper and pencil. 
 

Addition strategies based on place value for 48 + 37 may include:  
• Adding by place value: 40 + 30 = 70 and 8 + 7 = 15 and 70 + 15 = 85. 
• Incremental adding (breaking one number into tens and ones); 48 + 10 

= 58, 58 + 10 = 68, 68 + 10 = 78, 78 + 7 = 85 
• Compensation (making a friendly number):  48 + 2 = 50, 37 – 2 = 35, 50 

+ 35 = 85  
 

Subtraction strategies based on place value for 81 - 37 may include: 
• Adding up (from smaller number to larger number):  37 + 3 = 40, 40 + 40 

= 80, 80 + 1 = 81, and 3 + 40 + 1 = 44. 
• Incremental subtracting: 81 -10 = 71, 71 – 10 = 61, 61 – 10 = 51, 51 – 7 = 

44 
• Subtracting by place value:  81 – 30 = 51, 51 – 7 = 44 

 

Properties that students should know and use are: 
• Commutative property of addition (Example:  3 + 5 = 5 + 3) 
• Associative property of addition (Example: (2 + 7) + 3 = 2 + (7+3) ) 
• Identity property of 0  (Example: 8 + 0 = 8) 

 

Students in second grade need to communicate their understanding of why 
some properties work for some operations and not for others.  

• Commutative Property: In first grade, students investigated whether the 
commutative property works with subtraction. The intent was for 
students to recognize that taking 5 from 8 is not the same as taking 8 
from 5. Students should also understand that they will be working with 
numbers in later grades that will allow them to subtract larger numbers 
from smaller numbers. This exploration of the commutative property 
continues in second grade. 
 

• Associative Property: Recognizing that the associative property does not 
work for subtraction is difficult for students to consider at this grade level 
as it is challenging to determine all the possibilities. 

2.NBT.6. Add up to four two-digit numbers 
using strategies based on place value and 

2.MP.2. Reason abstractly and 
quantitatively. 

Students demonstrate addition strategies with up to four two-digit numbers either 
with or without regrouping. Problems may be written in a story problem format to 
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Number and Operations in Base Ten (NBT) 
Use place value understanding and properties of operations to add and subtract. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
properties of operations. 
 
Connections: 2.NBT.5; 2.RI.3; 2.W.2; 2.SL.2; 
ET02-S2C1-01 

 
2.MP.7. Look for and make use 
of structure. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

help develop a stronger understanding of larger numbers and their values. 
Interactive whiteboards and document cameras may also be used to model and 
justify student thinking. 

2.NBT.7. Add and subtract within 1000, using 
concrete models or drawings and strategies 
based on place value, properties of operations, 
and/or the relationship between addition and 
subtraction; relate the strategy to a written 
method. Understand that in adding or 
subtracting three-digit numbers, one adds or 
subtracts hundreds and hundreds, tens and 
tens, ones and ones; and sometimes it is 
necessary to compose or decompose tens or 
hundreds. 
 
Connections: 2.NBT.5; 2.NBT.6; 2.RI.3; 2.SL.3; 
2.W.2; ET02-S1C2-01; ET02-S2C1-01  

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.4. Model with 
mathematics. 
 
2.MP.5. Use appropriate tools 
strategically. 
 
2.MP.7. Look for and make use 
of structure. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

There is a strong connection between this standard and place value 
understanding with addition and subtraction of smaller numbers. Students may 
use concrete models or drawings to support their addition or subtraction of larger 
numbers. Strategies are similar to those stated in 2.NBT.5, as students extend 
their learning to include greater place values moving from tens to hundreds to 
thousands. Interactive whiteboards and document cameras may also be used to 
model and justify student thinking. 
 
 

2.NBT.8. Mentally add 10 or 100 to a given 
number 100–900, and mentally subtract 10 or 
100 from a given number 100–900. 
 
Connections: 2.RI.3; 2.SL.1;  2.SL.2;  2.SL.3; 
ET02-S2C1-01 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.7. Look for and make use 
of structure. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students need many opportunities to practice mental math by adding and 
subtracting multiples of 10 and 100 up to 900 using different starting points. 
They can practice this by counting and thinking aloud, finding missing numbers 
in a sequence, and finding missing numbers on a number line or hundreds 
chart. Explorations should include looking for relevant patterns. 
 

Mental math strategies may include: 
• counting on;  300, 400, 500, etc. 

• counting back;  550, 450, 350, etc. 

 

Examples: 
• 100 more than 653 is _____ (753) 
• 10 less than 87 is ______ (77) 
• “Start at 248. Count up by 10s until I tell you to stop.” 

 

An interactive whiteboard or document camera may be used to help students 
develop these mental math skills. 
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Number and Operations in Base Ten (NBT) 
Use place value understanding and properties of operations to add and subtract. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.NBT.9. Explain why addition and subtraction 
strategies work, using place value and the 
properties of operations. (Explanations may be 
supported by drawings or objects.) 
 
Connections: 2.NBT.1; 2.RI.3; 2.RI.4; 2.W.2; 
2.SL.2;  2.SL.3; ET02-S2C1-01 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
2.MP.4. Model with 
mathematics. 
2.MP.5. Use appropriate tools 
strategically. 
 
2.MP.7. Look for and make use 
of  structure. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students need multiple opportunities explaining their addition and subtraction 
thinking. Operations embedded within a meaningful context promote 
development of reasoning and justification.  
 

Example:  
Mason read 473 pages in June. He read 227 pages in July. How many pages 
did Mason read altogether? 

• Karla’s explanation: 473 + 227 = _____.  I added the ones together (3 + 
7) and got 10. Then I added the tens together (70 + 20) and got 90. I 
knew that 400 + 200 was 600. So I added 10 + 90 for 100 and added 
100 + 600 and found out that Mason had read 700 pages altogether. 

• Debbie’s explanation: 473 + 227 = ______.  I started by adding 200 to 
473 and got 673. Then I added 20 to 673 and I got 693 and finally I 
added 7 to 693 and I knew that Mason had read 700 pages altogether. 

• Becky’s explanation: I used base ten blocks on a base ten mat to help me 
solve this problem. I added 3 ones (units) plus 7 ones and got 10 ones 
which made one ten. I moved the 1 ten to the tens place. I then added 7 
tens rods plus 2 tens rods plus 1 tens rod and got 10 tens or 100. I 
moved the 1 hundred to the hundreds place. Then I added 4 hundreds 
plus 2 hundreds plus 1 hundred and got 7 hundreds or 700.  So Mason 
read 700 books. 
 

Students should be able to connect different representations and explain the 
connections. Representations can include numbers, words (including 
mathematical language), pictures, number lines, and/or physical objects. 
Students should be able to use any/all of these representations as needed. 
 
An interactive whiteboard or document camera can be used to help students 
develop and explain their thinking. 
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Measurement and Data (MD) 
Measure and estimate lengths in standard units. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.MD.1. Measure the length of an object by 
selecting and using appropriate tools such as 
rulers, yardsticks, meter sticks, and measuring 
tapes.  
 
Connections: 2.SL.3; SC02-S1C2-03 

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

Students in second grade will build upon what they learned in first grade from 
measuring length with non-standard units to the new skill of measuring length in 
metric and U.S. Customary with standard units of measure. They should have 
many experiences measuring the length of objects with rulers, yardsticks, meter 
sticks, and tape measures. They will need to be taught how to actually use a 
ruler appropriately to measure the length of an object especially as to where to 
begin the measuring. Do you start at the end of the ruler or at the zero? 
 

2.MD.2. Measure the length of an object twice, 
using length units of different lengths for the two 
measurements; describe how the two 
measurements relate to the size of the unit 
chosen.  
 
Connections: 2.MD.1;  2.MD.3;  2.MD.4;  2.RI.3; 
2.RI.4;  2.W.2;  2.SL.3;  SC02-S1C2-03;  
ET02-S2C1-02 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
2.MP.5. Use appropriate tools 
strategically. 
 
2.MP.6. Attend to precision. 
 
2.MP.7. Look for and make use 
of structure. 

Students need multiple opportunities to measure using different units of 
measure. They should not be limited to measuring within the same standard 
unit. Students should have access to tools, both U.S.Customary and metric. The 
more students work with a specific unit of measure, the better they become at 
choosing the appropriate tool when measuring. 
 
Students measure the length of the same object using different tools (ruler with 
inches, ruler with centimeters, a yardstick, or meter stick). This will help students 
learn which tool is more appropriate for measuring a given object. They describe 
the relationship between the size of the measurement unit and the number of 
units needed to measure something. For instance, a student might say, “The 
longer the unit, the fewer I need.” Multiple opportunities to explore provide the 
foundation for relating metric units to customary units, as well as relating within 
customary (inches to feet to yards) and within metric (centimeters to meters). 
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Measurement and Data (MD) 
Measure and estimate lengths in standard units. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.MD.3. Estimate lengths using units of inches, 
feet, centimeters, and meters. 
 
Connections: 2.MD.1; 2.W.2; 2.SL.3 
 

2.MP.5. Use appropriate tools 
strategically. 
  
2.MP.6. Attend to precision. 
 
 

Estimation helps develop familiarity with the specific unit of measure being used. 
To measure the length of a shoe, knowledge of an inch or a centimeter is 
important so that one can approximate the length in inches or centimeters. 
Students should begin practicing estimation with items which are familiar to them 
(length of desk, pencil, favorite book, etc.).    
 

Some useful benchmarks for measurement are: 
• First joint to the tip of a thumb is about an inch 
• Length from your elbow to your wrist is about a foot  
• If your arm is held out perpendicular to your body, the length from your 

nose to the tip of your fingers is about a yard   
 

 
2.MD.4. Measure to determine how much 
longer one object is than another, expressing 
the length difference in terms of a standard 
length unit. 
 
Connections: 2.MD.1; 2.RI.3; 2.RI.4; 2.W.2; 
2.SL.3; ET02-S2C1-01; SC02-S1C1-03 

2.MP.5. Use appropriate tools 
strategically. 
  
2.MP.6. Attend to precision. 
 

Second graders should be familiar enough with inches, feet, yards, centimeters, 
and meters to be able to compare the differences in lengths of two objects. They 
can make direct comparisons by measuring the difference in length between two 
objects by laying them side by side and selecting an appropriate standard length 
unit of measure. Students should use comparative phrases such as “It is longer 
by 2 inches” or “It is shorter by 5 centimeters” to describe the difference between 
two objects. An interactive whiteboard or document camera may be used to help 
students develop and demonstrate their thinking. 
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Measurement and Data (MD) 
Relate addition and subtraction to length. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.MD.5. Use addition and subtraction within 100 
to solve word problems involving lengths that 
are given in the same units, e.g., by using 
drawings (such as drawings of rulers) and 
equations with a symbol for the unknown 
number to represent the problem. 
 
Connections: 2.OA.1; 2.NBT.5; 2.RI.3; 2.W.2; 
2.SL.2; 2.SL.3; ET02-S1C2-02 

2.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.4. Model with 
mathematics. 
 
2.MP.5. Use appropriate tools 
strategically. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students need experience working with addition and subtraction to solve word 
problems which include measures of length. It is important that word problems 
stay within the same unit of measure. Counting on and/or counting back on a 
number line will help tie this concept to previous knowledge. Some 
representations students can use include drawings, rulers, pictures, and/or 
physical objects. An interactive whiteboard or document camera may be used to 
help students develop and demonstrate their thinking. 
 
Equations include: 

• 20 + 35 = c 
• c -  20 = 35 
• c – 35 = 20   
• 20 +  b = 55 
• 35 + a = 55 
• 55 = a + 35  
• 55 =  20 + b 

 
Example: 

• A word problem for 5 – n = 2 could be: Mary is making a dress. She has 5 
yards of fabric. She uses some of the fabric and has 2 yards left. How 
many yards did Mary use?  

 
There is a strong connection between this standard and demonstrating fluency 
of addition and subtraction facts. Addition facts through 10 + 10 and the related 
subtraction facts should be included.  

2.MD.6. Represent whole numbers as lengths 
from 0 on a number line diagram with equally 
spaced points corresponding to the numbers 0, 
1, 2, …, and represent whole-number sums and 
differences within 100 on a number line 
diagram.  
 
Connections: 2.NBT.2; 2.OA.1; 2.MD.5; 2.RI.3; 
2.SL.3;  ET02-S1C2-02 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.4. Model with 
mathematics. 
 
2.MP.5. Use appropriate tools 
strategically. 

Students represent their thinking when adding and subtracting within 100 by 
using a number line. An interactive whiteboard or document camera can be used 
to help students demonstrate their thinking. 
 
Example: 10 – 6 = 4 
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Measurement and Data (MD) 
Work with time and money. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.MD.7. Tell and write time from analog and 
digital clocks to the nearest five minutes, using 
a.m. and p.m.  
 
Connections: 2.NBT.2; 2.RI.3; 2.W.2; 2.SL.2; 
ET02-S1C2-01; ET02-S1C2-02 

2.MP.5. Use appropriate tools 
strategically. 
 
2.MP.6. Attend to precision. 
 

In first grade, students learned to tell time to the nearest hour and half-hour. 
Students build on this understanding in second grade by skip-counting by 5 to 
recognize 5-minute intervals on the clock. They need exposure to both digital 
and analog clocks. It is important that they can recognize time in both formats 
and communicate their understanding of time using both numbers and language. 
Common time phrases include the following: quarter till ___, quarter after ___, 
ten till ___, ten after ___, and half past ___.  
 
Students should understand that there are 2 cycles of 12 hours in a day - a.m. 
and p.m. Recording their daily actions in a journal would be helpful for making 
real-world connections and understanding the difference between these two 
cycles. An interactive whiteboard or document camera may be used to help 
students demonstrate their thinking. 

2.MD.8. Solve word problems involving dollar 
bills, quarters, dimes, nickels, and pennies, 
using $ and ¢ symbols appropriately. Example: 
If you have 2 dimes and 3 pennies, how many 
cents do you have?  
 
Connections: 2.NBT.1; 2.NBT.5; 2.RI.3; 2.RI.4; 
2.W.2; 2.SL.2; ET02-S1C2-01; ET02-S1C2-02 

2.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.4. Model with 
mathematics. 
 
2.MP.5.  Use appropriate tools 
strategically. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 
 

Since money is not specifically addressed in kindergarten, first grade, or third 
grade, students should have multiple opportunities to identify, count, recognize, 
and use coins and bills in and out of context. They should also experience 
making equivalent amounts using both coins and bills. “Dollar bills” should 
include denominations up to one hundred ($1.00, $5.00, $10.00, $20.00, 
$100.00). 
 
Students should solve story problems connecting the different representations. 
These representations may include objects, pictures, charts, tables, words, 
and/or numbers. Students should communicate their mathematical thinking and 
justify their answers. An interactive whiteboard or document camera may be 
used to help students demonstrate and justify their thinking. 
 
Example: 

• Sandra went to the store and received $ 0.76 in change. What are three 
different sets of coins she could have received? 
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Measurement and Data (MD) 
Represent and interpret data. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.MD.9. Generate measurement data by 
measuring lengths of several objects to the 
nearest whole unit, or by making repeated 
measurements of the same object. Show the 
measurements by making a line plot, where the 
horizontal scale is marked off in whole-number 
units. 
 
Connections: 2.RI.3; 2.RI.4; 2.W.2;  
SC02-S1C2-04; SC02-S1C3-01;  
ET02-S2C1-01 

2.MP.4. Model with 
mathematics. 
 
2.MP.5. Use appropriate tools 
strategically. 
 
2.MP.6. Attend to precision.  
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 
 

This standard emphasizes representing data using a line plot. Students will use 
the measurement skills learned in earlier standards to measure objects. Line 
plots are first introduced in this grade level. A line plot can be thought of as 
plotting data on a number line. An interactive whiteboard may be used to create 
and/or model line plots. 
 

 
2.MD.10. Draw a picture graph and a bar graph 
(with single-unit scale) to represent a data set 
with up to four categories. Solve simple put-
together, take-apart, and compare problems 
using information presented in a bar graph.  
(See Table 1.) 
 
Connections: 2.RI.3; 2.RI.4; 2.W.2; 2.SL.2; 
2.SL.3; SC02-S1C2-04; SC02-S1C3-01; 
SC02-S1C3-03; ET02-S2C1-01 

2.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.4. Model with 
mathematics. 
 
2.MP.5. Use appropriate tools 
strategically. 
 
2.MP.6. Attend to precision. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 
 

Students should draw both picture and bar graphs representing data that can be 
sorted up to four categories using single unit scales (e.g., scales should count by 
ones). The data should be used to solve put together, take-apart, and compare 
problems as listed in Table 1. 
 
In second grade, picture graphs (pictographs) include symbols that represent 
single units. Pictographs should include a title, categories, category label, key, 
and data. 
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Measurement and Data (MD) 
Represent and interpret data. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

Second graders should draw both horizontal and vertical bar graphs. Bar graphs 
include a title, scale, scale label, categories, category label, and data.  
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Geometry (G) 
Reason with shapes and their attributes. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.G.1. Recognize and draw shapes having 
specified attributes, such as a given number of 
angles or a given number of equal faces. 
Identify triangles, quadrilaterals, pentagons, 
hexagons, and cubes. (Sizes are compared 
directly or visually, not compared by 
measuring.) 
 
Connections: 2.RI.3; 2.RI.4; 2.W.2; 2.SL.2; 
2.SL.3; SC02-S5C1-01; ET02-S2C1-01 

2.MP.4. Model with 
mathematics. 
 
2.MP.7. Look for and make use 
of structure. 

Students identify, describe, and draw triangles, quadrilaterals, pentagons, and 
hexagons. Pentagons, triangles, and hexagons should appear as both regular 
(equal sides and equal angles) and irregular. Students recognize all four sided 
shapes as quadrilaterals. Students use the vocabulary word “angle” in place of 
“corner” but they do not need to name angle types. Interactive whiteboards and 
document cameras may be used to help identify shapes and their attributes. 
Shapes should be presented in a variety of orientations and configurations. 
 

 
 

2.G.2. Partition a rectangle into rows and 
columns of same-size squares and count to find 
the total number of them.  
 
Connections: 2.OA.4; 2.SL.2; 2.RI.3;  
ET02-S1C2-02 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.6. Attend to precision. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 
 

This standard is a precursor to learning about the area of a rectangle and using 
arrays for multiplication. An interactive whiteboard or manipulatives such as 
square tiles, cubes, or other square shaped objects can be used to help 
students partition rectangles.  
 
Rows are horizontal and columns are vertical. 
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Geometry (G) 
Reason with shapes and their attributes. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
2.G.3. Partition circles and rectangles into two, 
three, or four equal shares, describe the shares 
using the words halves, thirds, half of, a third of, 
etc., and describe the whole as two halves, 
three thirds, four fourths. Recognize that equal 
shares of identical wholes need not have the 
same shape.  
 
Connections: 2.RI.3; 2.RI.4; 2.W.2; 2.SL.2; 
2.SL.3; ET02-S1C2-02 

2.MP.2. Reason abstractly and 
quantitatively. 
 
2.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
2.MP.6. Attend to precision. 
 
2.MP.8. Look for and express 
regularity in repeated 
reasoning. 
 

This standard introduces fractions in an area model. Students need experiences 
with different sizes, circles, and rectangles. For example, students should 
recognize that when they cut a circle into three equal pieces, each piece will 
equal one third of its original whole. In this case, students should describe the 
whole as three thirds. If a circle is cut into four equal pieces, each piece will 
equal one fourth of its original whole and the whole is described as four fourths.  
 

             
 
 
Students should see circles and rectangles partitioned in multiple ways so they 
learn to recognize that equal shares can be different shapes within the same 
whole. An interactive whiteboard may be used to show partitions of shapes. 
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Standards for Mathematical Practice (MP) 
Standards  Explanations and Examples   
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

  In second grade, students realize that doing mathematics involves solving problems and 
discussing how they solved them. Students explain to themselves the meaning of a problem and 
look for ways to solve it. They may use concrete objects or pictures to help them conceptualize 
and solve problems. They may check their thinking by asking themselves, “Does this make 
sense?” They make conjectures about the solution and plan out a problem-solving approach. 

2.MP.2. Reason abstractly 
and quantitatively. 

 Younger students recognize that a number represents a specific quantity. They connect the 
quantity to written symbols. Quantitative reasoning entails creating a representation of a problem 
while attending to the meanings of the quantities. Second graders begin to know and use 
different properties of operations and relate addition and subtraction to length. 

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

 Second graders may construct arguments using concrete referents, such as objects, pictures, 
drawings, and actions. They practice their mathematical communication skills as they participate 
in mathematical discussions involving questions like “How did you get that?”, “Explain your 
thinking,” and “Why is that true?” They not only explain their own thinking, but listen to others’ 
explanations. They decide if the explanations make sense and ask appropriate questions. 

2.MP.4. Model with 
mathematics. 

 In early grades, students experiment with representing problem situations in multiple ways 
including numbers, words (mathematical language), drawing pictures, using objects, acting out, 
making a chart or list, creating equations, etc. Students need opportunities to connect the 
different representations and explain the connections. They should be able to use all of these 
representations as needed. 

2.MP.5. Use appropriate 
tools strategically. 

 In second grade, students consider the available tools (including estimation) when solving a 
mathematical problem and decide when certain tools might be better suited. For instance, 
second graders may decide to solve a problem by drawing a picture rather than writing an 
equation. 

2.MP.6. Attend to 
precision. 

 As children begin to develop their mathematical communication skills, they try to use clear and 
precise language in their discussions with others and when they explain their own reasoning. 

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

 Second graders look for patterns. For instance, they adopt mental math strategies based on 
patterns (making ten, fact families, doubles).  

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

 Students notice repetitive actions in counting and computation, etc. When children have multiple 
opportunities to add and subtract, they look for shortcuts, such as rounding up and then 
adjusting the answer to compensate for the rounding. Students continually check their work by 
asking themselves, “Does this make sense?”  
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Table 1. Common addition and subtraction situations.6 

 
 Result Unknown Change Unknown Start Unknown 

Add to 

Two bunnies sat on the grass. Three more 
bunnies hopped there. How many bunnies 
are on the grass now? 
2 + 3 = ? 

Two bunnies were sitting on the grass. 
Some more bunnies hopped there. 
Then there were five bunnies. How 
many bunnies hopped over to the first 
two? 
2 + ? = 5 

Some bunnies were sitting on the grass. 
Three more bunnies hopped there. Then 
there were five bunnies. How many bunnies 
were on the grass before? 
? + 3 = 5 

Take from 
Five apples were on the table. I ate two 
apples. How many apples are on the table 
now? 
5 – 2 = ? 

Five apples were on the table. I ate 
some apples. Then there were three 
apples. How many apples did I eat? 
5 – ? = 3 

Some apples were on the table. I ate two 
apples. Then there were three apples. How 
many apples were on the table before? 
? – 2 = 3 

 Total Unknown Addend Unknown Both Addends Unknown1 

Put Together / Take 
Apart2 

Three red apples and two green apples are 
on the table. How many apples are on the 
table? 
3 + 2 = ? 

Five apples are on the table. Three are 
red and the rest are green. How many 
apples are green? 
3 + ? = 5, 5 – 3 = ? 

Grandma has five flowers. How many can 
she put in her red vase and how many in 
her blue vase? 
5 = 0 + 5, 5 = 5 + 0 
5 = 1 + 4, 5 = 4 + 1 
5 = 2 + 3, 5 = 3 + 2 

 Difference Unknown Bigger Unknown Smaller Unknown 

Compare3 

(“How many more?” version): 
Lucy has two apples. Julie has five apples. 
How many more apples does Julie have 
than Lucy? 
 
(“How many fewer?” version): 
Lucy has two apples. Julie has five apples. 
How many fewer apples does Lucy have 
than Julie? 
2 + ? = 5, 5 – 2 = ? 

(Version with “more”): 
Julie has three more apples than Lucy. 
Lucy has two apples. How many apples 
does Julie have? 
 
(Version with “fewer”): 
Lucy has 3 fewer apples than Julie. 
Lucy has two apples. How many apples 
does Julie have? 
2 + 3 = ?, 3 + 2 = ? 

(Version with “more”): 
Julie has three more apples than Lucy. Julie 
has five apples. How many apples does 
Lucy have? 
 
(Version with “fewer”): 
Lucy has 3 fewer apples than Julie. Julie 
has five apples. How many apples does 
Lucy have? 
5 – 3 = ?, ? + 3 = 5 

 

6Adapted from Box 2-4 of Mathematics Learning in Early Childhood, National Research Council (2009, pp. 32, 33). 
1These take apart situations can be used to show all the decompositions of a given number. The associated equations, which have the total on the left of the equal sign, help 
children understand that the = sign does not always mean makes or results in but always does mean is the same number as. 
2Either addend can be unknown, so there are three variations of these problem situations. Both Addends Unknown is a productive extension of this basic situation, especially for 
small numbers less than or equal to 10. 
3For the Bigger Unknown or Smaller Unknown situations, one version directs the correct operation (the version using more for the bigger unknown and using less for the smaller 
unknown). The other versions are more difficult. 
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2nd Grade Team/Department and Course Outcomes  
 
K-2 TEAM/DEPARTMENT OUTCOMES: 
 

1. Students will be able to add and subtract within 100. (OA) 
2. Students will be able to represent and solve problems involving addition and subtraction within 1000. (OA) 
3. Students will be able to name place value to 1000. (NBT) 
4. Students will be able to measure and estimate lengths in standard units. (MD) 
5. Students will be able to apply time and money to real life experiences. (MD) 
6. Students will be able to represent and interpret data. (MD) 
7. Students will be able to reason with shapes and their attributes. (G) 

 
2ND GRADE COURSE OUTCOMES: 

 
1. Students will be able to use place value recognition and properties of operations to add and subtract within 1000. (NBT) 
2. Students will be able to extend the counting sequence, reading and writing numbers to 1000. (NBT) 
3. Students will be able to work with equal groups of up to 20 objects to gain foundations for multiplication. (OA) 
4. Students will be able to solve 1-and 2-step addition and subtraction problems within 100. (OA) 
5. Students will be able to fluently add and subtract within 100. (OA) 
6. Students will be able to reason with shapes and their attributes, including dividing into equal parts (halves, thirds, fourths). (G) 
7. Students will be able to solve money problems using dollar bills, quarters, dimes, nickels, and pennies. (MD) 
8. Students will be able to create and interpret data with up to four categories. (MD) 
9. Students will be able to compare standard units (up to 100) of length of objects. (MD). 
10. Students will be able to tell time to the nearest 5 min., using a.m. and p.m. (MD) 
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2nd Grade Unit Concepts and Goals  
(1)  (Reference Standards NBT.1, NBT.2, NBT.3, NBT.4, NBT.5, NBT.6, NBT.7, NBT.8, NBT.9) 

• Unit Concept – Number Sense and Place Value 
• Unit Goal – Students will be able use place value to demonstrate the understanding of properties of operations to add 

and subtract whole numbers.   

(2)  (Reference Standards OA. 1, OA.2, OA.3, OA.4) 
• Unit Concept – Adding and Subtracting Whole Numbers 
• Unit Goal – Students will be able to use strategies to fluently solve addition and subtraction facts and word problems 

within 20.  (use multiple strategies to gain foundation for multiplication) 

(3)  (Reference Standards G.1, G.2, G.3) 
• Unit Concept – Reason with Shapes and Their Attributes 
• Unit Goal – Students will be able to divide various shapes up to 4 equal parts.  

 (4)  (Reference Standards MD.8) 
• Unit Concept – Money  
• Unit Goal – Students will be able to solve money problems using dollars, quarters, dimes, nickels, and pennies.  

(5)  (Reference Standards MD.1, MD.2, MD.3, MD.4, MD.5, MD.6, MD.7, MD.9, MD.10) 
• Unit Concept – Measurement Attributes and Data 
• Unit Goal – Students will be able to measure and compare length, time, and data on a graph. (relative to basic addition 

and subtraction computation; i.e. 5-n = 2) 
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Grade 3 
 

Grade 3 Overview 
 

Operations and Algebraic Thinking (OA) 
• Represent and solve problems involving multiplication and 

division. 
• Understand properties of multiplication and the relationship 

between multiplication and division. 
• Multiply and divide within 100. 
• Solve problems involving the four operations, and identify and 

explain patterns in arithmetic. 
 
Number and Operations in Base Ten (NBT) 

• Use place value understanding and properties of operations to 
perform multi-digit arithmetic. 

 
Number and Operations—Fractions (NF) 

• Develop understanding of fractions as numbers. 
 
Measurement and Data (MD) 

• Solve problems involving measurement and estimation of 
intervals of time, liquid volumes, and masses of objects. 

• Represent and interpret data. 
• Geometric measurement: understand concepts of area and relate 

area to multiplication and to addition. 
• Geometric measurement: recognize perimeter as an attribute of 

plane figures and distinguish between linear and area measures. 
 
Geometry (G) 

• Reason with shapes and their attributes. 
 

Mathematical Practices (MP) 
17. Make sense of problems and persevere in solving them. 
18. Reason abstractly and quantitatively. 
19. Construct viable arguments and critique the reasoning of others. 
20. Model with mathematics. 
21. Use appropriate tools strategically. 
22. Attend to precision. 
23. Look for and make use of structure. 
24. Look for and express regularity in repeated reasoning. 
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In Grade 3, instructional time should focus on four critical areas: (1) developing understanding of multiplication and division and strategies for 
multiplication and division within 100; (2) developing understanding of fractions, especially unit fractions (fractions with numerator 1); (3) developing 
understanding of the structure of rectangular arrays and of area; and (4) describing and analyzing two-dimensional shapes.  
 
(1) Students develop an understanding of the meanings of multiplication and division of whole numbers through activities and problems involving 
equal-sized groups, arrays, and area models; multiplication is finding an unknown product, and division is finding an unknown factor in these 
situations. For equal-sized group situations, division can require finding the unknown number of groups or the unknown group size.  Students use 
properties of operations to calculate products of whole numbers, using increasingly sophisticated strategies based on these properties to solve 
multiplication and division problems involving single-digit factors. By comparing a variety of solution strategies, students learn the relationship 
between multiplication and division. 
 
(2) Students develop an understanding of fractions, beginning with unit fractions. Students view fractions in general as being built out of unit 
fractions, and they use fractions along with visual fraction models to represent parts of a whole. Students understand that the size of a fractional 
part is relative to the size of the whole. For example, 1/2 of the paint in a small bucket could be less paint than 1/3 of the paint in a larger bucket, but 
1/3 of a ribbon is longer than 1/5 of the same ribbon because when the ribbon is divided into 3 equal parts, the parts are longer than when the 
ribbon is divided into 5 equal parts. Students are able to use fractions to represent numbers equal to, less than, and greater than one. They solve 
problems that involve comparing fractions by using visual fraction models and strategies based on noticing equal numerators or denominators. 
 
(3) Students recognize area as an attribute of two-dimensional regions. They measure the area of a shape by finding the total number of same-size 
units of area required to cover the shape without gaps or overlaps, a square with sides of unit length being the standard unit for measuring area. 
Students understand that rectangular arrays can be decomposed into identical rows or into identical columns. By decomposing rectangles into 
rectangular arrays of squares, students connect area to multiplication, and justify using multiplication to determine the area of a rectangle. 
 
(4) Students describe, analyze, and compare properties of two-dimensional shapes. They compare and classify shapes by their sides and angles, 
and connect these with definitions of shapes. Students also relate their fraction work to geometry by expressing the area of part of a shape as a unit 
fraction of the whole. 
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Operations and Algebraic Thinking (OA) 
Represent and solve problems involving multiplication and division. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.OA.1. Interpret products of whole numbers, 
e.g., interpret 5 × 7 as the total number of 
objects in 5 groups of 7 objects each. For 
example, describe a context in which a total 
number of objects can be expressed as 5 × 7. 
 
Connections: 3.0A.3; 3.SL.1; ET03-S1C4-01 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.4. Model with 
mathematics. 
 
 
3.MP.7. Look for and make use 
of structure.  

Students recognize multiplication as a means to determine the total number of 
objects when there are a specific number of groups with the same number of 
objects in each group. Multiplication requires students to think in terms of groups 
of things rather than individual things. Students learn that the multiplication 
symbol ‘x’ means “groups of” and problems such as 5 x 7 refer to 5 groups of 7.   
 
To further develop this understanding, students interpret a problem situation 
requiring multiplication using pictures, objects, words, numbers, and equations. 
Then, given a multiplication expression (e.g., 5 x 6) students interpret the 
expression using a multiplication context. (See Table 2) They should begin to use 
the terms, factor and product, as they describe multiplication.  
 
Students may use interactive whiteboards to create digital models. 

3.OA.2. Interpret whole-number quotients of 
whole numbers, e.g., interpret 56 ÷ 8 as the 
number of objects in each share when 56 
objects are partitioned equally into 8 shares, or 
as a number of shares when 56 objects are 
partitioned into equal shares of 8 objects each. 
For example, describe a context in which a 
number of shares or a number of groups can be 
expressed as 56 ÷ 8. 
 
Connections: 3.OA.3; 3.SL.1; ET03-S1C4-01 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.4. Model with 
mathematics. 
 
3.MP.7. Look for and make use 
of structure.  

Students recognize the operation of division in two different types of situations. 
One situation requires determining how many groups and the other situation 
requires sharing (determining how many in each group). Students should be 
exposed to appropriate terminology (quotient, dividend, divisor, and factor).  
 
To develop this understanding, students interpret a problem situation requiring 
division using pictures, objects, words, numbers, and equations. Given a division 
expression (e.g., 24 ÷ 6) students interpret the expression in contexts that require 
both interpretations of division. (See Table 2) 
 
Students may use interactive whiteboards to create digital models. 
 

3.OA.3. Use multiplication and division within 
100 to solve word problems in situations 
involving equal groups, arrays, and 
measurement quantities, e.g., by using 
drawings and equations with a symbol for the 
unknown number to represent the problem. 
(See Table 2.) 
 
Connections: 3.RI.7; ET03-S1C1-01 
 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.4. Model with 
mathematics. 
 
3.MP.7. Look for and make use 
of structure.  
 

Students use a variety of representations for creating and solving one-step word 
problems, i.e., numbers, words, pictures, physical objects, or equations. They 
use multiplication and division of whole numbers up to 10 x10. Students explain 
their thinking, show their work by using at least one representation, and verify 
that their answer is reasonable. 
 
Word problems may be represented in multiple ways: 

• Equations: 3 x 4 = ?, 4 x 3 = ?, 12 ÷ 4 = ? and 12 ÷ 3 = ?   
• Array: 
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Operations and Algebraic Thinking (OA) 
Represent and solve problems involving multiplication and division. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• Equal groups 
 

 
 
 
 
 

• Repeated addition: 4 + 4 + 4  or repeated subtraction  
• Three equal jumps forward from 0 on the number line to 12 or three equal 

jumps backwards from 12 to 0 
 

          
 
Examples of division problems: 

• Determining the number of objects in each share (partitive division, 
where the size of the groups is unknown):  

o The bag has 92 hair clips, and Laura and her three friends want 
to share them equally. How many hair clips will each person 
receive? 

 
 

         
 

• Determining the number of shares (measurement division, where the 
number of groups is unknown) 
Max the monkey loves bananas. Molly, his trainer, has 24 bananas. If 
she gives Max 4 bananas each day, how many days will the bananas 
last?   
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Operations and Algebraic Thinking (OA) 
Represent and solve problems involving multiplication and division. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 

Starting Day 1 Day 2 Day 3 Day 4 Day 5  Day 6 
24 24-4= 

20 
20-4= 

16 
16-4= 

12 
12-4= 

8 
8-4= 

4 
4-4= 

0 
 
Solution: The bananas will last for 6 days. 
 
Students may use interactive whiteboards to show work and justify their thinking. 

3.OA.4. Determine the unknown whole number 
in a multiplication or division equation relating 
three whole numbers. For example, determine 
the unknown number that makes the equation 
true in each of the equations 8 × ? = 48, 5 = � ÷ 
3, 6 × 6 = ?. 
 
Connections: 3.AO.3; 3.RI.3; 3.SL.1;  
ET03-S1C4-01 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.2. Reason abstractly and 
quantitatively. 
 
3.MP.6. Attend to precision. 
 
3.MP.7. Look for and make use 
of structure. 

This standard is strongly connected to 3.AO.3 when students solve problems 
and determine unknowns in equations. Students should also experience creating 
story problems for given equations. When crafting story problems, they should 
carefully consider the question(s) to be asked and answered to write an 
appropriate equation. Students may approach the same story problem differently 
and write either a multiplication equation or division equation. 
 
Students apply their understanding of the meaning of the equal sign as ”the 
same as” to interpret an equation with an unknown. When given 4 x  ? = 40, they 
might think: 

• 4 groups of some number is the same as 40 
• 4 times some number is the same as 40 
• I know that 4 groups of 10 is 40 so the unknown number is 10 
• The missing factor is 10 because 4 times 10 equals 40. 

 
Equations in the form of a x b = c and c = a x b should be used interchangeably, 
with the unknown in different positions. 
 
Examples: 

• Solve the equations below: 
 24 = ? x 6 
 9÷72 =∆  
• Rachel has 3 bags. There are 4 marbles in each bag. How many 

marbles does Rachel have altogether?   3 x 4 = m 
 
Students may use interactive whiteboards to create digital models to explain and 
justify their thinking. 
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Operations and Algebraic Thinking (OA) 
Understand properties of multiplication and the relationship between multiplication and division. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.OA.5. Apply properties of operations as 
strategies to multiply and divide. (Students need 
not use formal terms for these properties.) 
Examples: If 6 × 4 = 24 is known, then 4 × 6 = 
24 is also known. (Commutative property of 
multiplication.) 3 × 5 × 2 can be found by 3 × 5 
= 15, then 15 × 2 = 30, or by 5 × 2 = 10, then 3 
× 10 = 30. (Associative property of 
multiplication.) Knowing that 8 × 5 = 40 and 8 × 
2 = 16, one can find 8 × 7 as 8 × (5 + 2) = (8 × 
5) + (8 × 2) = 40 + 16 = 56. (Distributive 
property.) 
 
Connections: 3.OA.1; 3.OA.3; 3.RI 4; 3.RI.7; 
3.W.2; ET03-S1C4-01 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.4. Model with 
mathematics. 
 
3.MP.7. Look for and make use 
of structure. 
 
3.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students represent expressions using various objects, pictures, words and 
symbols in order to develop their understanding of properties. They multiply by 1 
and 0 and divide by 1. They change the order of numbers to determine that the 
order of numbers does not make a difference in multiplication (but does make a 
difference in division). Given three factors, they investigate changing the order of 
how they multiply the numbers to determine that changing the order does not 
change the product. They also decompose numbers to build fluency with 
multiplication. 
 
Models help build understanding of the commutative property:  
 
Example: 3 x 6 = 6 x 3 
In the following diagram it may not be obvious that 3 groups of 6 is the same as 
6 groups of 3. A student may need to count to verify this. 

  is the same quantity as   
 
Example: 4 x 3 = 3 x 4  
An array explicitly demonstrates the concept of the commutative property. 
  
 
 
 
        4 rows of 3 or 4 x 3                     3 rows of 4 or 3 x 4 
 
Students are introduced to the distributive property of multiplication over addition 
as a strategy for using products they know to solve products they don’t know. 
For example, if students are asked to find the product of 7 x 8, they might 
decompose 7 into 5 and 2 and then multiply 5 x 8 and 2 x 8 to arrive at 40 + 16 
or 56. Students should learn that they can decompose either of the factors. It is 
important to note that the students may record their thinking in different ways.  
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Operations and Algebraic Thinking (OA) 
Understand properties of multiplication and the relationship between multiplication and division. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

                                               
 
 

To further develop understanding of properties related to multiplication and 
division, students use different representations and their understanding of the 
relationship between multiplication and division to determine if the following 
types of equations are true or false.  

• 0 x 7 = 7 x 0 = 0 (Zero Property of Multiplication) 
• 1 x 9 = 9 x 1 = 9 (Multiplicative Identity Property of 1) 
• 3 x 6 = 6 x 3  (Commutative Property) 
• 8 ÷ 2 = 2 ÷ 8 (Students are only to determine that these are not equal) 
• 2 x 3 x 5 = 6 x 5 
• 10 x 2 < 5 x 2 x 2 
• 2 x 3 x 5 = 10 x 3 
• 0 x 6 > 3 x 0 x 2 

3.OA.6. Understand division as an unknown-
factor problem. For example, find 32 ÷ 8 by 
finding the number that makes 32 when 
multiplied by 8. 
 
Connections: 3.OA.4; 3.RI.3 
 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.7. Look for and make use 
of structure. 

Multiplication and division are inverse operations and that understanding can be 
used to find the unknown. Fact family triangles demonstrate the inverse 
operations of multiplication and division by showing the two factors and how 
those factors relate to the product and/or quotient.  
 
Examples:  

• 3 x 5 = 15     5 x 3 = 15 
• 15 ÷ 3 = 5    15 ÷ 5 = 3 

 
 
 
 
 
Students use their understanding of the meaning of the equal sign as “the same 
as” to interpret an equation with an unknown. When given 32 ÷       = 4, students 
may think: 

• 4 groups of some number is the same as 32 
• 4 times some number is the same as 32 

5 x 8 = 40 
2 x 8 = 16  
            56              

7 x 4 = 28 
7 x 4 = 28  
            56              

3 5 

15 

X or  ÷ 
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Operations and Algebraic Thinking (OA) 
Understand properties of multiplication and the relationship between multiplication and division. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• I know that 4 groups of 8 is 32 so the unknown number is 8 
• The missing factor is 8 because 4 times 8 is 32. 

 
Equations in the form of a ÷ b = c and c = a ÷ b need to be used 
interchangeably, with the unknown in different positions. 
 

 
 
Operations and Algebraic Thinking (OA) 
Multiply and divide within 100 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.OA.7. Fluently multiply and divide within 100, 
using strategies such as the relationship 
between multiplication and division (e.g., 
knowing that 8 × 5 = 40, one knows 40 ÷ 5 = 8) 
or properties of operations. By the end of Grade 
3, know from memory all products of two one-
digit numbers. 
 
Connections: 3.OA.3; 3.OA.5 
 

3.MP.2. Reason abstractly and 
quantitatively. 
 
3.MP.7. Look for and make use 
of structure. 
 
3.MP.8. Look for and express 
regularity in repeated 
reasoning. 

By studying patterns and relationships in multiplication facts and relating 
multiplication and division, students build a foundation for fluency with 
multiplication and division facts. Students demonstrate fluency with multiplication 
facts through 10 and the related division facts. Multiplying and dividing fluently 
refers to knowledge of procedures, knowledge of when and how to use them 
appropriately, and skill in performing them flexibly, accurately, and efficiently. 
 
Strategies students may use to attain fluency include: 

• Multiplication by zeros and ones 
• Doubles (2s facts), Doubling twice (4s), Doubling three times (8s) 
• Tens facts (relating to place value, 5 x 10 is 5 tens or 50) 
• Five facts (half of tens) 
• Skip counting (counting groups of __ and knowing how many groups 

have been counted) 
• Square numbers (ex: 3 x 3) 
• Nines (10 groups less one group, e.g., 9 x 3 is 10 groups of 3 minus one 

group of 3) 
• Decomposing into known facts (6 x 7 is 6 x 6 plus one more group of 6) 
• Turn-around facts (Commutative Property) 
• Fact families (Ex: 6 x 4 = 24; 24 ÷ 6 = 4; 24 ÷ 4 = 6; 4 x 6 = 24) 
• Missing factors 

 
General Note: Students should have exposure to multiplication and division 
problems presented in both vertical and horizontal forms. 
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Operations and Algebraic Thinking (OA) 
Solve problems involving the four operations, and identify and explain patterns in arithmetic. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.OA.8. Solve two-step word problems using 
the four operations. Represent these problems 
using equations with a letter standing for the 
unknown quantity. Assess the reasonableness 
of answers using mental computation and 
estimation strategies including rounding. (This 
standard is limited to problems posed with 
whole numbers and having whole-number 
answers; students should know how to perform 
operations in the conventional order when there 
are no parentheses to specify a particular order 
(Order of Operations). 
 
Connections: 3.OA.4; 3.OA.5; 3.OA.6; 3.OA.7; 
3.RI.7 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.2. Reason abstractly and 
quantitatively. 
 
3.MP.4. Model with 
mathematics. 
 
3.MP.5. Use appropriate tools 
strategically. 

Students should be exposed to multiple problem-solving strategies (using any 
combination of words, numbers, diagrams, physical objects or symbols) and be 
able to choose which ones to use. 
 
Examples: 

• Jerry earned 231 points at school last week. This week he earned 79 
points. If he uses 60 points to earn free time on a computer, how many 
points will he have left? 

               
 

A student may use the number line above to describe his/her thinking, 
“231 + 9 = 240 so now I need to add 70 more.  240, 250 (10 more), 260 
(20 more), 270, 280, 290, 300, 310 (70 more).  Now I need to count 
back 60. 310, 300 (back 10), 290 (back 20), 280, 270, 260, 250 (back 
60).”  
 

A student writes the equation, 231 + 79 – 60 = m and uses rounding 
(230 + 80 – 60) to estimate. 
 
A student writes the equation, 231 + 79 – 60 = m and calculates 79-60 = 
19 and then calculates 231 + 19 = m. 

 
• The soccer club is going on a trip to the water park. The cost of 

attending the trip is $63. Included in that price is $13 for lunch and 
the cost of 2 wristbands, one for the morning and one for the 
afternoon. Write an equation representing the cost of the field trip 
and determine the price of one wristband. 

 

 
 

 
The above diagram helps the student write the equation, w + w + 13 = 
63. Using the diagram, a student might think, “I know that the two 

w w 13 

63 
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Operations and Algebraic Thinking (OA) 
Solve problems involving the four operations, and identify and explain patterns in arithmetic. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

wristbands cost $50 ($63-$13) so one wristband costs $25.” To check 
for reasonableness, a student might use front end estimation and say 
60-10 = 50 and 50 ÷ 2 = 25.  

 
When students solve word problems, they use various estimation skills which 
include identifying when estimation is appropriate, determining the level of 
accuracy needed, selecting the appropriate method of estimation, and verifying 
solutions or determining the reasonableness of solutions.  
 
Estimation strategies include, but are not limited to: 

• using benchmark numbers that are easy to compute  
• front-end estimation with adjusting (using the highest place value and 

estimating from the front end making adjustments to the estimate by 
taking into account the remaining amounts) 

• rounding and adjusting (students round down or round up and then 
adjust their estimate depending on how much the rounding changed 
the original values)  
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Operations and Algebraic Thinking (OA) 
Solve problems involving the four operations, and identify and explain patterns in arithmetic. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.OA.9. Identify arithmetic patterns (including 
patterns in the addition table or multiplication 
table), and explain them using properties of 
operations. For example, observe that 4 times a 
number is always even, and explain why 4 
times a number can be decomposed into two 
equal addends. 
 
Connections: 3.SL.1; ET03-S1.C3.01 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.2. Reason abstractly and 
quantitatively. 
 
3.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
3.MP.6. Attend to precision. 
 
3.MP.7. Look for and make use 
of structure. 

Students need ample opportunities to observe and identify important numerical 
patterns related to operations. They should build on their previous experiences 
with properties related to addition and subtraction. Students investigate addition 
and multiplication tables in search of patterns and explain why these patterns 
make sense mathematically. For example:  

• Any sum of two even numbers is even.  
• Any sum of two odd numbers is even. 
• Any sum of an even number and an odd number is odd. 
• The multiples of 4, 6, 8, and 10 are all even because they can all be 

decomposed into two equal groups. 
• The doubles (2 addends the same) in an addition table fall on a 

diagonal while the doubles (multiples of 2) in a multiplication table 
fall on horizontal and vertical lines. 

• The multiples of any number fall on a horizontal and a vertical line due 
to the commutative property. 

• All the multiples of 5 end in a 0 or 5 while all the multiples of 10 end 
with 0. Every other multiple of 5 is a multiple of 10. 

 
Students also investigate a hundreds chart in search of addition and subtraction 
patterns. They record and organize all the different possible sums of a number 
and explain why the pattern makes sense. 
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Number and Operations in Base Ten (NBT) 
Use place value understanding and properties of operations to perform multi-digit arithmetic. (A range of algorithms may be used.) 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.NBT.1. Use place value understanding to 
round whole numbers to the nearest 10 or 100. 
 
Connections: 3.OA.5; 3.SL.1; ET03-S1C4.01  

3.MP.5. Use appropriate tools 
strategically. 
 
3.MP.7. Look for and make use 
of structure. 
 
3.MP.8. Look for and express 
regularity in repeated 
reasoning.  

Students learn when and why to round numbers. They identify possible answers 
and halfway points. Then they narrow where the given number falls between the 
possible answers and halfway points. They also understand that by convention if 
a number is exactly at the halfway point of the two possible answers, the number 
is rounded up.  
 

Example:  Round 178 to the nearest 10.   
 

 
3.NBT.2. Fluently add and subtract within 1000 
using strategies and algorithms based on place 
value, properties of operations, and/or the 
relationship between addition and subtraction. 
 
Connections: ET03-S1C1-01 

3.MP.2. Reason abstractly and 
quantitatively. 
 
3.MP.7. Look for and make use 
of structure. 
 
3.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Problems should include both vertical and horizontal forms, including 
opportunities for students to apply the commutative and associative properties. 
Adding and subtracting fluently refers to knowledge of procedures, knowledge of 
when and how to use them appropriately, and skill in performing them flexibly, 
accurately, and efficiently. Students explain their thinking and show their work by 
using strategies and algorithms, and verify that their answer is reasonable. An 
interactive whiteboard or document camera may be used to show and share 
student thinking. 
 
Example: 

• Mary read 573 pages during her summer reading challenge. She was only 
required to read 399 pages. How many extra pages did Mary read 
beyond the challenge requirements? 

 
Students may use several approaches to solve the problem including the 
traditional algorithm. Examples of other methods students may use are listed 
below: 

• 399 + 1 = 400, 400 + 100 = 500, 500 + 73 = 573, therefore 1+ 100 + 73 = 
174 pages  (Adding up strategy) 

Step 1: The answer is either 170 or 
180. 

 
Step 2: The halfway point is 175. 

 
Step 3: 178 is between 175 and 180. 

 
Step 4: Therefore, the rounded 

number is 180. 
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Number and Operations in Base Ten (NBT) 
Use place value understanding and properties of operations to perform multi-digit arithmetic. (A range of algorithms may be used.) 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• 400 + 100 is 500; 500 + 73 is 573; 100 + 73 is 173 plus 1 (for 399, to 400) 
is 174 (Compensating strategy) 

• Take away 73 from 573 to get to 500, take away 100 to get to 400, and 
take away 1 to get to 399. Then 73 +100 + 1 = 174  (Subtracting to 
count down strategy) 

• 399 + 1 is 400, 500 (that’s 100 more). 510, 520, 530, 540, 550, 560, 570, 
(that’s 70 more), 571, 572, 573 (that’s 3 more) so the total is  

             1 + 100 + 70 + 3 = 174 (Adding by tens or hundreds strategy) 
3.NBT.3. Multiply one-digit whole numbers by 
multiples of 10 in the range 10–90 (e.g., 9 × 80, 
5 × 60) using strategies based on place value 
and properties of operations. 
 
Connections:; 3.NBT.1; 3NBT.5 (commutative 
property); 3.SL.1;  ET03-S1C1-01  

3.MP.2. Reason abstractly and 
quantitatively. 
 
3.MP.7. Look for and make use 
of structure. 
 
3.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students use base ten blocks, diagrams, or hundreds charts to multiply one-digit 
numbers by multiples of 10 from 10-90. They apply their understanding of 
multiplication and the meaning of the multiples of 10. For example, 30 is 3 tens 
and 70 is 7 tens. They can interpret 2 x 40 as 2 groups of 4 tens or 8 groups of 
ten. They understand that 5 x 60 is 5 groups of 6 tens or 30 tens and know that 
30 tens is 300. After developing this understanding they begin to recognize the 
patterns in multiplying by multiples of 10. 
 
Students may use manipulatives, drawings, document camera, or interactive 
whiteboard to demonstrate their understanding. 
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Number and Operations—Fractions (NF) (Grade 3 expectations in this domain are limited to fractions with denominators 2, 3, 4, 6, and 8.) 
Develop understanding of fractions as numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.NF.1. Understand a fraction 1/b as the 
quantity formed by 1 part when a whole is 
partitioned into b equal parts; understand a 
fraction a/b as the quantity formed by a parts 
of size 1/b. 
 
Connections: ET03-S1C2-02; ET03-S1C4-02 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.4. Model with 
mathematics 
 
3.MP.7. Look for and make 
use of structure. 

Some important concepts related to developing understanding of fractions 
include: 

• Understand fractional parts must be equal-sized 
Example               Non-example 

                     
                 These are thirds     These are NOT thirds 
 

• The number of equal parts tell how many make a whole 
• As the number of equal pieces in the whole increases, the size of 

the fractional pieces decreases 
• The size of the fractional part is relative to the whole 

o The number of children in one-half of a classroom is 
different than the number of children in one-half of a 
school. (the whole in each set is different therefore the 
half in each set will be different) 

• When a whole is cut into equal parts, the denominator represents 
the number of equal parts 

• The numerator of a fraction is the count of the number of equal parts  
o ¾ means that there are 3 one-fourths  
o Students can count one fourth, two fourths, three fourths 

 
Students express fractions as fair sharing, parts of a whole, and parts of a set. 
They use various contexts (candy bars, fruit, and cakes) and a variety of 
models (circles, squares, rectangles, fraction bars, and number lines) to 
develop understanding of fractions and represent fractions. Students need 
many opportunities to solve word problems that require fair sharing.  
 
To develop understanding of fair shares, students first participate in situations 
where the number of objects is greater than the number of children and then 
progress into situations where the number of objects is less than the number 
of children. 
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Number and Operations—Fractions (NF) (Grade 3 expectations in this domain are limited to fractions with denominators 2, 3, 4, 6, and 8.) 
Develop understanding of fractions as numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

Examples:  
• Four children share six brownies so that each child receives a fair 

share. How many brownies will each child receive?  
• Six children share four brownies so that each child receives a fair 

share. What portion of each brownie will each child receive? 
• What fraction of the rectangle is shaded? How might you draw the 

rectangle in another way but with the same fraction shaded? 
 
 
 
 

 

What fraction of the set is black? 
 
 

 
 

 
 

 
 
 
 
 
 
 
 

 

  Solution:  
2
4

 or  
1
2

 
 

Solution:  
2
6

 
 

 Solution:  
1
3
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Number and Operations—Fractions (NF) (Grade 3 expectations in this domain are limited to fractions with denominators 2, 3, 4, 6, and 8.) 
Develop understanding of fractions as numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.NF.2. Understand a fraction as a number on 
the number line; represent fractions on a 
number line diagram. 
a. Represent a fraction 1/b on a number line 

diagram by defining the interval from 0 to 
1 as the whole and partitioning it into b 
equal parts. Recognize that each part 
has size 1/b and that the endpoint of the 
part based at 0 locates the number 1/b 
on the number line. 

b. Represent a fraction a/b on a number line 
diagram by marking off a lengths 1/b 
from 0. Recognize that the resulting 
interval has size a/b and that its endpoint 
locates the number a/b on the number 
line. 

 
Connections: 3.RI.7; 3.SL.1; ET03-S1C4-01 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.4. Model with 
mathematics 
 
3.MP.7. Look for and make 
use of structure. 

Students transfer their understanding of parts of a whole to partition a number 
line into equal parts. There are two new concepts addressed in this standard 
which students should have time to develop. 
 

1. On a number line from 0 to 1, students can partition (divide) it into 
equal parts and recognize that each segmented part represents the 
same length. 

 

                  
 

2. Students label each fractional part based on how far it is from zero to 
the endpoint.  

 

                    
 
An interactive whiteboard may be used to help students develop these 
concepts. 
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Number and Operations—Fractions (NF) (Grade 3 expectations in this domain are limited to fractions with denominators 2, 3, 4, 6, and 8.) 
Develop understanding of fractions as numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.NF.3. Explain equivalence of fractions in 
special cases, and compare fractions by 
reasoning about their size. 
a. Understand two fractions as equivalent 

(equal) if they are the same size, or the 
same point on a number line. 

b. Recognize and generate simple equivalent 
fractions, e.g., 1/2 = 2/4, 4/6 = 2/3). 
Explain why the fractions are equivalent, 
e.g., by using a visual fraction model. 

c. Express whole numbers as fractions, and 
recognize fractions that are equivalent to 
whole numbers. Examples: Express 3 in 
the form 3 = 3/1; recognize that 6/1 = 6; 
locate 4/4 and 1 at the same point of a 
number line diagram. 

d. Compare two fractions with the same 
numerator or the same denominator by 
reasoning about their size. Recognize that 
comparisons are valid only when the two 
fractions refer to the same whole. Record 
the results of comparisons with the 
symbols >, =, or <, and justify the 
conclusions, e.g., by using a visual 
fraction model. 

 
Connections: 3.NF.1; 3NF.2; 3.RI.3; 3.SL.1; 
3.SL.3;  ET03-S1C4-01 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.2. Reason abstractly 
and quantitatively. 
 
3.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
3.MP.4. Model with 
mathematics. 
 
3.MP.6. Attend to precision. 
 
3.MP.7. Look for and make 
use of structure. 
 
3.MP.8. Look for and express 
regularity in repeated 
reasoning. 

An important concept when comparing fractions is to look at the size of the 

parts and the number of the parts. For example, 
1
8  is smaller than 

1
2 because 

when 1 whole is cut into 8 pieces, the pieces are much smaller than when 1 
whole is cut into 2 pieces. 

 
Students recognize when examining fractions with common denominators, the 
wholes have been divided into the same number of equal parts. So the 
fraction with the larger numerator has the larger number of equal parts. 

     6
2

     6
5

 
 
To compare fractions that have the same numerator but different 
denominators, students understand that each fraction has the same number 
of equal parts but the size of the parts are different. They can infer that the 
same number of smaller pieces is less than the same number of bigger 
pieces. 

     8
3

     4
3

 

 

< 

< 
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Measurement and Data (MD) 
Solve problems involving measurement and estimation of intervals of time, liquid volumes, and masses of objects. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.MD.1. Tell and write time to the nearest 
minute and measure time intervals in minutes. 
Solve word problems involving addition and 
subtraction of time intervals in minutes, e.g., by 
representing the problem on a number line 
diagram. 
 
Connections: 3.RI.3; 3.RI.7; ET03-S1C4-01 

3.MP.1. Make sense of 
problems and persevere in 
solving them.  
 
3.MP.4. Model with 
mathematics. 
 
3.MP.6. Attend to precision. 

Students in second grade learned to tell time to the nearest five minutes. In third 
grade, they extend telling time and measure elapsed time both in and out of 
context using clocks and number lines.  
 
Students may use an interactive whiteboard to demonstrate understanding and 
justify their thinking. 
 

3.MD.2. Measure and estimate liquid volumes 
and masses of objects using standard units of 
grams (g), kilograms (kg), and liters (l). 
(Excludes compound units such as cm3 and 
finding the geometric volume of a container.) 
Add, subtract, multiply, or divide to solve one-
step word problems involving masses or 
volumes that are given in the same units, e.g., 
by using drawings (such as a beaker with a 
measurement scale) to represent the problem.  
Excludes multiplicative comparison problems 
(problems involving notions of “times as much”; 
see Table 2). 
 
Connections: SC03-S1C2-04; 3.RI.3; 3.RI.4; 
3.SL.3;  

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.2. Reason abstractly and 
quantitatively, 
 
3.MP.4. Model with 
mathematics. 
 
3.MP.5. Use appropriate tools 
strategically. 
 
3.MP.6. Attend to precision. 

Students need multiple opportunities weighing classroom objects and filling 
containers to help them develop a basic understanding of the size and weight of 
a liter, a gram, and a kilogram. Milliliters may also be used to show amounts that 
are less than a liter. 
 
Example: 
Students identify 5 things that weigh about one gram. They record their findings 
with words and pictures. (Students can repeat this for 5 grams and 10 grams.) 
This activity helps develop gram benchmarks. One large paperclip weighs about 
one gram. A box of large paperclips (100 clips) weighs about 100 grams so 10 
boxes would weigh one kilogram. 
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Measurement and Data (MD) 
Represent and interpret data. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.MD.3. Draw a scaled picture graph and a 
scaled bar graph to represent a data set with 
several categories. Solve one- and two-step 
“how many more” and “how many less” 
problems using information presented in scaled 
bar graphs. For example, draw a bar graph in 
which each square in the bar graph might 
represent 5 pets. 
 
Connections: 3.OA.1; 3.SL.2; ET03-S1C3-01 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.4. Model with 
mathematics. 
 
3.MP.6. Attend to precision. 
 
3.MP.7. Look for and make use 
of pattern. 

Students should have opportunities reading and solving problems using scaled 
graphs before being asked to draw one. The following graphs all use five as the 
scale interval, but students should experience different intervals to further 
develop their understanding of scale graphs and number facts.  
 

• Pictographs: Scaled pictographs include symbols that represent 
multiple units. Below is an example of a pictograph with symbols 
that represent multiple units. Graphs should include a title, 
categories, category label, key, and data.  

       
 

      How many more books did Juan read than Nancy? 
 

• Single Bar Graphs: Students use both horizontal and vertical bar graphs. 
Bar graphs include a title, scale, scale label, categories, category label, 
and data.  

 

            
3.MD.4. Generate measurement data by 
measuring lengths using rulers marked with 
halves and fourths of an inch. Show the data by 
making a line plot, where the horizontal scale is 
marked off in appropriate units— whole 
numbers, halves, or quarters. 
 
Connections: 3.NF.2; 3.SL.2; ET03-S1C4-01 
 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.4. Model with 
mathematics.  
 
 
3.MP.6. Attend to precision. 

Students in second grade measured length in whole units using both metric and 
U.S. customary systems. It’s important to review with students how to read and 
use a standard ruler including details about halves and quarter marks on the 
ruler. Students should connect their understanding of fractions to measuring to 
one-half and one-quarter inch. Third graders need many opportunities 
measuring the length of various objects in their environment. 
 
Some important ideas related to measuring with a ruler are: 

• The starting point of where one places a ruler to begin measuring  
• Measuring is approximate. Items that students measure will not always 

measure exactly ¼, ½ or one whole inch. Students will need to decide 
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Measurement and Data (MD) 
Represent and interpret data. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

on an appropriate estimate length.  
• Making paper rulers and folding to find the half and quarter marks will 

help students develop a stronger understanding of measuring length 
 
Students generate data by measuring and create a line plot to display their 
findings. An example of a line plot is shown below: 
 

 
 

 
 
Measurement and Data (MD) 
Geometric measurement: understand concepts of area and relate area to multiplication and to addition. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.MD.5. Recognize area as an attribute of plane 
figures and understand concepts of area 
measurement. 
a. A square with side length 1 unit, called “a 

unit square,” is said to have “one square 
unit” of area, and can be used to measure 
area. 

b. A plane figure which can be covered without 
gaps or overlaps by n unit squares is said 
to have an area of n square units. 
 

Connections: 3.RI.4; 3.RI.7; ET03-S1C1-01 
 

3.MP.2. Reason abstractly and 
quantitatively. 
 
3.MP.4. Model with 
mathematics. 
 
3.MP.5. Use appropriate tools 
strategically. 
 
3.MP.6. Attend to precision. 

Students develop understanding of using square units to measure area by: 
• Using different sized square units 
• Filling in an area with the same sized square units and counting the 

number of square units  
• An interactive whiteboard would allow students to see that square units 

can be used to cover a plane figure. 
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Measurement and Data (MD) 
Geometric measurement: understand concepts of area and relate area to multiplication and to addition. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.MD.6. Measure areas by counting unit 
squares (square cm, square m, square in, 
square ft, and improvised units). 
 
Connections: ET03-S1C1-01 

3.MP.5. Use appropriate tools 
strategically. 
 
 3.MP.6. Attend to precision. 

Using different sized graph paper, students can explore the areas measured in 
square centimeters and square inches. An interactive whiteboard may also be 
used to display and count the unit squares (area) of a figure. 

3.MD.7. Relate area to the operations of 
multiplication and addition. 
a. Find the area of a rectangle with whole-

number side lengths by tiling it, and show 
that the area is the same as would be 
found by multiplying the side lengths. 

b. Multiply side lengths to find areas of 
rectangles with whole-number side lengths 
in the context of solving real world and 
mathematical problems, and represent 
whole-number products as rectangular 
areas in mathematical reasoning. 

c. Use tiling to show in a concrete case that the 
area of a rectangle with whole-number 
side lengths a and b + c is the sum of a × b 
and a × c. Use area models to represent 
the distributive property in mathematical 
reasoning. 

d. Recognize area as additive. Find areas of 
rectilinear figures by decomposing them 
into non-overlapping rectangles and 
adding the areas of the non-overlapping 
parts, applying this technique to solve real 
world problems. 
 

Connections: 3.OA.5; 3.OA.7; 3.RI.3; 3.RI.4; 
3.RI.7; 3.SL.1;  ET03-S1C4-01 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.2. Reason abstractly and 
quantitatively.  
 
3.MP.4. Model with 
mathematics.  
 
3.MP.5. Use appropriate tools 
strategically. 
 
3.MP.6. Attend to precision. 

Students tile areas of rectangles, determine the area, record the length and 
width of the rectangle, investigate the patterns in the numbers, and discover that 
the area is the length times the width. 
 
Example: 
Joe and John made a poster that was 4’ by 3’. Mary and Amir made a poster 
that was 4’ by 2’. They placed their posters on the wall side-by-side so that that 
there was no space between them. How much area will the two posters cover? 
 

Students use pictures, words, and numbers to explain their understanding of the 
distributive property in this context.  
 

    
           
 
 
 
 
 
 
 
 
 
 
 



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 89 

Measurement and Data (MD) 
Geometric measurement: understand concepts of area and relate area to multiplication and to addition. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

Example: 
Students can decompose a rectilinear figure into different rectangles. They find 
the area of the figure by adding the areas of each of the rectangles together. 
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Measurement and Data (MD) 
Geometric measurement: recognize perimeter as an attribute of plane figures and distinguish between linear and area measures. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.MD.8. Solve real world and mathematical 
problems involving perimeters of polygons, 
including finding the perimeter given the side 
lengths, finding an unknown side length, and 
exhibiting rectangles with the same perimeter 
and different areas or with the same area and 
different perimeters. 
 
Connections: 3.RI.3; 3.RI.4; 3.RI.7;  
ET03-S1C3-01; ET03-S1C2-01; ET03-S1C2-02 

3.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
3.MP.4. Model with 
mathematics. 
 
 3.MP.7. Look for and make 
use of structure. 

Students develop an understanding of the concept of perimeter by walking 
around the perimeter of a room, using rubber bands to represent the perimeter 
of a plane figure on a geoboard, or tracing around a shape on an interactive 
whiteboard. They find the perimeter of objects; use addition to find perimeters; 
and recognize the patterns that exist when finding the sum of the lengths and 
widths of rectangles.  
 

Students use geoboards, tiles, and graph paper to find all the possible 
rectangles that have a given perimeter (e.g., find the rectangles with a perimeter 
of 14 cm.) They record all the possibilities using dot or graph paper, compile the 
possibilities into an organized list or a table, and determine whether they have all 
the possible rectangles. 
 

Given a perimeter and a length or width, students use objects or pictures to find 
the missing length or width. They justify and communicate their solutions using 
words, diagrams, pictures, numbers, and an interactive whiteboard. 
 

Students use geoboards, tiles, graph paper, or technology to find all the possible 
rectangles with a given area (e.g. find the rectangles that have an area of 12 
square units.)  They record all the possibilities using dot or graph paper, compile 
the possibilities into an organized list or a table, and determine whether they 
have all the possible rectangles.  Students then investigate the perimeter of the 
rectangles with an area of 12. 
 

Area  Length Width Perimeter 
12 sq. in. 1 in. 12 in. 26 in. 
12 sq. in. 2 in. 6 in. 16 in. 
12 sq. in 3 in. 4 in. 14 in. 
12 sq. in 4 in. 3 in. 14 in. 
12 sq. in 6 in. 2 in. 16 in. 
12 sq. in 12 in. 1 in. 26 in. 

 
The patterns in the chart allow the students to identify the factors of 12, connect 
the results to the commutative property, and discuss the differences in perimeter 
within the same area. This chart can also be used to investigate rectangles with 
the same perimeter. It is important to include squares in the investigation. 
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Geometry (G) 
Reason with shapes and their attributes. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
3.G.1. Understand that shapes in different 
categories (e.g., rhombuses, rectangles, and 
others) may share attributes (e.g., having four 
sides), and that the shared attributes can define 
a larger category (e.g., quadrilaterals). 
Recognize rhombuses, rectangles, and squares 
as examples of quadrilaterals, and draw 
examples of quadrilaterals that do not belong to 
any of these subcategories. 
 
Connections: 3.RI.3; 3.RI.4; ET03-S2C2-01 

3.MP.5. Use appropriate tools 
strategically. 
 
3.MP.6. Attend to precision. 
 
3.MP.7. Look for and make use 
of structure. 

In second grade, students identify and draw triangles, quadrilaterals, pentagons, 
and hexagons. Third graders build on this experience and further investigate 
quadrilaterals (technology may be used during this exploration). Students 
recognize shapes that are and are not quadrilaterals by examining the properties 
of the geometric figures. They conceptualize that a quadrilateral must be a 
closed figure with four straight sides and begin to notice characteristics of the 
angles and the relationship between opposite sides. Students should be 
encouraged to provide details and use proper vocabulary when describing the 
properties of quadrilaterals. They sort geometric figures (see examples below) 
and identify squares, rectangles, and rhombuses as quadrilaterals. 
 

       
3.G.2. Partition shapes into parts with equal 
areas. Express the area of each part as a unit 
fraction of the whole. For example, partition a 
shape into 4 parts with equal area, and describe 
the area of each part as 1/4 of the area of the 
shape. 
 
Connections: 3.MD.7; 3.NF.1; 3.RI.7;  
ET03-S1C1-01 

3.MP.2. Reason abstractly and 
quantitatively. 
 
3.MP. 4. Model with 
mathematics. 
 
3.MP.5. Use appropriate tools 
strategically. 

Given a shape, students partition it into equal parts, recognizing that these parts 
all have the same area. They identify the fractional name of each part and are 
able to partition a shape into parts with equal areas in several different ways.  
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Standards for Mathematical Practice 
Standards  Explanations and Examples   
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

  In third grade, students know that doing mathematics involves solving problems and discussing 
how they solved them. Students explain to themselves the meaning of a problem and look for 
ways to solve it. Third graders may use concrete objects or pictures to help them conceptualize 
and solve problems. They may check their thinking by asking themselves, “Does this make 
sense?” They listen to the strategies of others and will try different approaches. They often will 
use another method to check their answers. 

3.MP.2. Reason abstractly 
and quantitatively. 

 Third graders should recognize that a number represents a specific quantity. They connect the 
quantity to written symbols and create a logical representation of the problem at hand, 
considering both the appropriate units involved and the meaning of quantities.  

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

 In third grade, students may construct arguments using concrete referents, such as objects, 
pictures, and drawings. They refine their mathematical communication skills as they participate 
in mathematical discussions involving questions like “How did you get that?” and “Why is that 
true?” They explain their thinking to others and respond to others’ thinking.  

3.MP.4. Model with 
mathematics. 

 Students experiment with representing problem situations in multiple ways including numbers, 
words (mathematical language), drawing pictures, using objects, acting out, making a chart, list, 
or graph, creating equations, etc. Students need opportunities to connect the different 
representations and explain the connections. They should be able to use all of these 
representations as needed. Third graders should evaluate their results in the context of the 
situation and reflect on whether the results make sense. 

3.MP.5. Use appropriate 
tools strategically. 

 Third graders consider the available tools (including estimation) when solving a mathematical 
problem and decide when certain tools might be helpful. For instance, they may use graph paper 
to find all the possible rectangles that have a given perimeter. They compile the possibilities into 
an organized list or a table, and determine whether they have all the possible rectangles. 

3.MP.6. Attend to 
precision. 

 As third graders develop their mathematical communication skills, they try to use clear and 
precise language in their discussions with others and in their own reasoning. They are careful 
about specifying units of measure and state the meaning of the symbols they choose. For 
instance, when figuring out the area of a rectangle they record their answers in square units. 

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

 In third grade, students look closely to discover a pattern or structure. For instance, students use 
properties of operations as strategies to multiply and divide (commutative and distributive 
properties). 
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Standards for Mathematical Practice 
Standards  Explanations and Examples   
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

 Students in third grade should notice repetitive actions in computation and look for more shortcut 
methods.  For example, students may use the distributive property as a strategy for using 
products they know to solve products that they don’t know. For example, if students are asked to 
find the product of 7 x 8, they might decompose 7 into 5 and 2 and then multiply 5 x 8 and 2 x 8 
to arrive at 40 + 16 or 56. In addition, third graders continually evaluate their work by asking 
themselves, “Does this make sense?”  
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Table 2. Common multiplication and division situations.7 
 
 Unknown Product Group Size Unknown 

(“How many in each group?” Division) 
Number of Groups Unknown 
(“How many groups?” Division) 

 3 x 6 = ? 3 x ? = 18, and 18 ÷ 3 = ? ? x 6 = 18, and 18 ÷ 6 = ? 

Equal 
Groups 

 

There are 3 bags with 6 plums in each 
bag. How many plums are there in all? 
 
 
Measurement example. 
You need 3 lengths of string, each 6 
inches long. How much string will you 
need altogether? 

If 18 plums are shared equally into 3 bags, 
then how many plums will be in each bag? 
 
Measurement example.  
You have 18 inches of string, which you will 
cut into 3 equal pieces. How long will each 
piece of string be? 

If 18 plums are to be packed 6 to a bag, 
then how many bags are needed? 
 
Measurement example.  
You have 18 inches of string, which you will 
cut into pieces that are 6 inches long. How 
many pieces of string will you have? 

Arrays,4 
Area5 

There are 3 rows of apples with 6 apples 
in each row. How many apples are 
there? 
 
Area example. 
What is the area of a 3 cm by 6 cm 
rectangle? 

If 18 apples are arranged into 3 equal rows, 
how many apples will be in each row? 
 
Area example. 
A rectangle has area 18 square 
centimeters. If one side is 3 cm long, how 
long is a side next to it? 

If 18 apples are arranged into equal rows of 
6 apples, how many rows will there be? 
 
Area example. 
A rectangle has area 18 square centimeters. 
If one side is 6 cm long, how long is a side 
next to it? 

Compare 

A blue hat costs $6. A red hat costs 3 
times as much as the blue hat. How 
much does the red hat cost? 
 
Measurement example. 
A rubber band is 6 cm long. How long 
will the rubber band be when it is 
stretched to be 3 times as long? 

A red hat costs $18 and that is 3 times as 
much as a blue hat costs. How much does 
a blue hat cost? 
 
Measurement example. 
A rubber band is stretched to be 18 cm long 
and that is 3 times as long as it was at first. 
How long was the rubber band at first? 

A red hat costs $18 and a blue hat costs $6. 
How many times as much does the red hat 
cost as the blue hat? 
 
Measurement example. 
A rubber band was 6 cm long at first. Now it 
is stretched to be 18 cm long. How many 
times as long is the rubber band now as it 
was at first?  

General General a x b = ? a x ? = p, and p ÷ a = ? ? x b = p, and p ÷ b = ? 
 

7The first examples in each cell are examples of discrete things. These are easier for students and should be given before the measurement examples. 
4The language in the array examples shows the easiest form of array problems. A harder form is to use the terms rows and columns: The apples in the grocery window are in 3 rows 
and 6 columns. How many apples are in there? Both forms are valuable. 
5Area involves arrays of squares that have been pushed together so that there are no gaps or overlaps, so array problems include these especially important measurement 
situations. 
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3rd Grade Team/Department and Course Outcomes  
 

3-5 GRADE TEAM/DEPT OUTCOMES: 

1. Students will be able to generate and analyze patterns and relationships. (OA) 
2. Students will be able to demonstrate understanding of the place value system by solving multi-digit whole number and decimal (to the 

hundredths) operations. (NBT) 
3. Students will be able to add, subtract, multiply, and divide fractions. (NF) 
4. Students will be able to solve problems by converting like measurement units within a given measurement system. (MD) 
5. Students will be able to represent and interpret data. (MD) 
6. Students will be able to apply understanding of area, perimeter, angles, and volume by solving problems using correct operations. (MD) 
7. Students will be able to classify two-dimensional figures into categories based on their properties. (G) 

3RD GRADE COURSE OUTCOMES: 

1. Students will be able to use place value recognition and properties to fluently add and subtract within 1000. (NBT) 
2. Students will be able to fluently multiply and divide within 100. (OA) 
3. Students will be able to demonstrate understanding of the relationship between multiplication and division by solving problems (within 100) 

involving those operations. (OA) 
4. Students will be able to problem-solve and reason with shapes and their attributes. (G) 
5. Students will be able to demonstrate understanding of concept of area and its relationship to multiplication and division while distinguishing 

that from perimeter as a linear measurement of a plane figure. (MD) 
6. Students will be able to tell and write time to the nearest minute. (MD) 
7. Students will be able to demonstrate how to represent and interpret data using scaled picture and bar graphs. (MD) 
8. Students will be able to demonstrate understanding of fractions as equal parts of a whole, and as represented on a number line. (NF) 
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3rd Grade Unit Concepts and Goals  
(1)  (Reference Standards OA.8, OA.9, MD.5, MD.6, NBT.2, MP.1) 

• Unit Concept – Multi-Digit and Multi-Step addition and subtraction 
• Unit Goal – Students will be able to demonstrate fluency and accuracy in adding and subtracting through 1,000. 

(2)  (Reference Standards NBT.1, NBT.3) 
• Unit Concept – Place Value 
• Unit Goal – Students will be able to apply place value understanding to round and estimate whole numbers to nearest 

10 or 100. 
(3)  (Reference Standards OA.1-2, OA.5-7, OA.9, NBT.3) 

• Unit Concept – Fluency in Multiplication and Division 
• Unit Goal – Students will be able to demonstrate fluency and accuracy in multiplication and division facts within 100.   

(4)  (Reference Standards OA.3-8, MD.5-7) 
• Unit Concept – Relationship between multiplication and division 
• Unit Goal – Students will be able to demonstrate understanding of the relationship between multiplication and division 

by solving 1 and 2 step word problems. 
(5)  (Reference Standards G.1-2, MD.5-8) 

• Unit Concept – Geometry 
• Unit Goal – Students will be able to reason using attributes of geometric shapes and solve area and perimeter problems. 

(6)  (Reference Standards MD.1-MD.4) 
• Unit Concept – Measurement  
• Unit Goal – Students will be able to solve problems involving measurement of time, volume, mass, and measurement 

and represent data using graphs.  
(7)  (Reference Standards NF.1-3, G.2) 

• Unit Concept – Fractions  
• Unit Goal – Students will be able to identify and compare benchmark fractions using fraction and number line models. 
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Grade 4 
 

Grade 4 Overview 
 

Operations and Algebraic Thinking (OA) 
• Use the four operations with whole numbers to solve problems. 
• Gain familiarity with factors and multiples. 
• Generate and analyze patterns. 

 
Number and Operations in Base Ten (NBT) 

• Generalize place value understanding for multidigit whole 
numbers. 

• Use place value understanding and properties of operations to 
perform multi-digit arithmetic. 

 
Number and Operations—Fractions (NF) 

• Extend understanding of fraction equivalence and ordering. 
• Build fractions from unit fractions by applying and extending 

previous understandings of operations on whole numbers. 
• Understand decimal notation for fractions, and compare decimal 

fractions. 
 
Measurement and Data (MD) 

• Solve problems involving measurement and conversion of 
measurements from a larger unit to a smaller unit. 

• Represent and interpret data. 
• Geometric measurement: understand concepts of angle and 

measure angles. 
 
Geometry (G) 

• Draw and identify lines and angles, and classify shapes by 
properties of their lines and angles. 

 

Mathematical Practices (MP) 
25. Make sense of problems and persevere in solving them. 
26. Reason abstractly and quantitatively. 
27. Construct viable arguments and critique the reasoning of others. 
28. Model with mathematics. 
29. Use appropriate tools strategically. 
30. Attend to precision. 
31. Look for and make use of structure. 
32. Look for and express regularity in repeated reasoning. 
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In Grade 4, instructional time should focus on three critical areas: (1) developing understanding and fluency with multi-digit multiplication, and 
developing understanding of dividing to find quotients involving multi-digit dividends; (2) developing an understanding of fraction equivalence, 
addition and subtraction of fractions with like denominators, and multiplication of fractions by whole numbers; (3) understanding that geometric 
figures can be analyzed and classified based on their properties, such as having parallel sides, perpendicular sides, particular angle measures, and 
symmetry. 
 
(1) Students generalize their understanding of place value to 1,000,000, understanding the relative sizes of numbers in each place. They apply their 
understanding of models for multiplication (equal-sized groups, arrays, area models), place value, and properties of operations, in particular the 
distributive property, as they develop, discuss, and use efficient, accurate, and generalizable methods to compute products of multi-digit whole 
numbers. Depending on the numbers and the context, they select and accurately apply appropriate methods to estimate or mentally calculate 
products. They develop fluency with efficient procedures for multiplying whole numbers; understand and explain why the procedures work based on 
place value and properties of operations; and use them to solve problems. Students apply their understanding of models for division, place value, 
properties of operations, and the relationship of division to multiplication as they develop, discuss, and use efficient, accurate, and generalizable 
procedures to find quotients involving multi-digit dividends. They select and accurately apply appropriate methods to estimate and mentally 
calculate quotients, and interpret remainders based upon the context. 
 
(2) Students develop understanding of fraction equivalence and operations with fractions. They recognize that two different fractions can be equal 
(e.g., 15/9 = 5/3), and they develop methods for generating and recognizing equivalent fractions. Students extend previous understandings about 
how fractions are built from unit fractions, composing fractions from unit fractions, decomposing fractions into unit fractions, and using the meaning 
of fractions and the meaning of multiplication to multiply a fraction by a whole number. 
 
(3) Students describe, analyze, compare, and classify two-dimensional shapes. Through building, drawing, and analyzing two-dimensional shapes, 
students deepen their understanding of properties of two-dimensional objects and the use of them to solve problems involving symmetry. 
 
Operations and Algebraic Thinking (OA) 
Use the four operations with whole numbers to solve problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.OA.1. Interpret a multiplication equation as a 
comparison, e.g., interpret 35 = 5 × 7 as a 
statement that 35 is 5 times as many as 7 and 7 
times as many as 5. Represent verbal 
statements of multiplicative comparisons as 
multiplication equations. 
 
Connections: 4.OA.3; 4.SL.1d; ET04-S1C2-01; 
ET04-S1C2-02 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.4. Model with 
mathematics. 

A multiplicative comparison is a situation in which one quantity is multiplied by a 
specified number to get another quantity (e.g., “a is n times as much as b”). 
Students should be able to identify and verbalize which quantity is being 
multiplied and which number tells how many times. 

4.OA.2. Multiply or divide to solve word 
problems involving multiplicative comparison, 
e.g., by using drawings and equations with a 

4.MP.2. Reason abstractly and 
quantitatively. 
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Operations and Algebraic Thinking (OA) 
Use the four operations with whole numbers to solve problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
symbol for the unknown number to represent 
the problem, distinguishing multiplicative 
comparison from additive comparison. (see 
Table 2) 
 
Connections: 4.RI.7; ET04-S1C2-01;  
ET04-S1C2-02 

4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.7. Look for and make use 
of structure. 

Students need many opportunities to solve contextual problems. Table 2 
includes the following multiplication problem:  
 

“A blue hat costs $6. A red hat costs 3 times as much as the blue hat.  
How much does the red hat cost?”  
 

In solving this problem, the student should identify $6 as the quantity that is 
being multiplied by 3. The student should write the problem using a symbol to 
represent the unknown.  
($6 x 3 =         )  

 

 
Table 2 includes the following division problem: 
 

A red hat costs $18 and a blue hat costs $6. How many times as much 
does the red hat cost as the blue hat?   

 
In solving this problem, the student should identify $18 as the quantity being 
divided into shares of $6.  
 
The student should write the problem using a symbol to represent the unknown. 
($18 ÷ $6 =       )  
 

 
When distinguishing multiplicative comparison from additive comparison, 
students should note that  

• additive comparisons focus on the difference between two quantities 
(e.g., Deb has 3 apples and Karen has 5 apples. How many more 
apples does Karen have?). A simple way to remember this is, “How 
many more?” 



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 101 

Operations and Algebraic Thinking (OA) 
Use the four operations with whole numbers to solve problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• multiplicative comparisons focus on comparing two quantities by 
showing that one quantity is a specified number of times larger or 
smaller than the other (e.g., Deb ran 3 miles. Karen ran 5 times as many 
miles as Deb. How many miles did Karen run?). A simple way to 
remember this is “How many times as much?” or “How many times as 
many?” 

4.OA.3. Solve multistep word problems posed 
with whole numbers and having whole-number 
answers using the four operations, including 
problems in which remainders must be 
interpreted. Represent these problems using 
equations with a letter standing for the unknown 
quantity. Assess the reasonableness of 
answers using mental computation and 
estimation strategies including rounding. 
 
Connections: 4.NBT.3; 4.NBT.4; 4.NBT.5; 
4.NBT.6; ET04-S1C2-02 

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

4.MP.2. Reason abstractly and 
quantitatively. 
 

4.MP.4. Model with 
mathematics. 
 

4.MP.5. Use appropriate tools 
strategically. 
 

4.MP.6. Attend to precision. 
 

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

Students need many opportunities solving multistep story problems using all four 
operations.  
 
An interactive whiteboard, document camera, drawings, words, numbers, and/or 
objects may be used to help solve story problems. 
 
Example: 

Chris bought clothes for school. She bought 3 shirts for $12 each and a 
skirt for $15. How much money did Chris spend on her new school 
clothes? 
   3 x $12 + $15 = a 

 
In division problems, the remainder is the whole number left over when as large 
a multiple of the divisor as possible has been subtracted. 
 

Example: 
Kim is making candy bags. There will be 5 pieces of candy in each bag. 
She had 53 pieces of candy. She ate 14 pieces of candy. How many 
candy bags can Kim make now?  
(7 bags with 4 leftover)  
 

Kim has 28 cookies. She wants to share them equally between herself 
and 3 friends. How many cookies will each person get? 
(7 cookies each) 28 ÷ 4 = a 
 

There are 29 students in one class and 28 students in another class 
going on a field trip. Each car can hold 5 students. How many cars are 
needed to get all the students to the field trip?  
(12 cars, one possible explanation is 11 cars holding 5 students and the 
12th holding the remaining 2 students) 29 + 28 = 11 x 5 + 2 

 

Estimation skills include identifying when estimation is appropriate, determining 
the level of accuracy needed, selecting the appropriate method of estimation, 
and verifying solutions or determining the reasonableness of situations using 
various estimation strategies.                                                                      
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Operations and Algebraic Thinking (OA) 
Use the four operations with whole numbers to solve problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

Estimation strategies include, but are not limited to: 
• front-end estimation with adjusting (using the highest place value and 

estimating from the front end, making adjustments to the estimate by 
taking into account the remaining amounts), 

• clustering around an average (when the values are close together an 
average value is selected and multiplied by the number of values to 
determine an estimate), 

• rounding and adjusting (students round down or round up and then 
adjust their estimate depending on how much the rounding affected the 
original values),  

• using friendly or compatible numbers such as factors (students seek to 
fit numbers together - e.g., rounding to factors and grouping numbers 
together that have round sums like 100 or 1000),  

• using benchmark numbers that are easy to compute (students select 
close whole numbers for fractions or decimals to determine an 
estimate). 

AZ.4.OA.3.1 Solve a variety of problems based 
on the multiplication principle of counting. 
a. Represent a variety of counting problems 

using arrays, charts, and systematic lists, 
e.g., tree diagram. 

b. Analyze relationships among 
representations and make connections to 
the multiplication principle of counting. 

 
Connections: 4.RI.3; 4.RI.7; ET04-S1C2-01 

4.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.7. Look for and make use 
of structure. 
 
4.MP.8. Look for and express 
regularity in repeated 

As students solve counting problems, they should begin to organize their initial 
random enumeration of possibilities into a systematic way of counting and 
organizing the possibilities in a chart (array), systematic list, or tree diagram. 
They note the similarities and differences among the representations and 
connect them to the multiplication principle of counting. 
 

Examples: 
• List all the different two-topping pizzas that a customer can order from a 

pizza shop that only offers four toppings: pepperoni, sausage, 
mushrooms, and onion.  
o A Systematic List 

    Mushroom-Onion                         Mushroom-Pepperoni 
    Mushroom-Sausage                    Onion-Pepperoni 
    Onion-Sausage                            Pepperoni-Sausage 

  
o A Chart (Array) 
 

 1 2 3 4 5 6 7 8 
Pepperoni x   x x    
Sausage x x    x   
Mushroom  x x x     
Onion   x  x x   
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Operations and Algebraic Thinking (OA) 
Use the four operations with whole numbers to solve problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

reasoning. • At Manuel’s party, each guest must choose a meal, a drink, and a 
cupcake. There are two choices for a meal – hamburger or spaghetti; 
three choices for a drink – milk, tea, or soda; and three choices for a 
cupcake -- chocolate, lemon, or vanilla. Draw a tree diagram to show all 
possible selections for the guests. What are some conclusions that can 
be drawn from the tree diagram? 

 

 
 
 
Sample conclusions:  

o There are 18 different dinner choices that include a meal, a drink, 
and a cupcake. 

o Nine dinner choices are possible for the guest that wants spaghetti 
for her meal. 

o A guest cannot choose a meal, no drink, and two cupcakes 
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Operations and Algebraic Thinking (OA) 
Use the four operations with whole numbers to solve problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
• Use multiple representations to show the number of meals possible if 

each meal consists of one main dish and one drink. The menu is shown 
below. Analyze the various representations and describe how the 
representations illustrate the multiplication principle of counting. 

 

 
 

 
 

 
 

                        
 
 

Both of the representations above illustrate a 3 • 3 relationship, which connects 
to the multiplication principle. Students explain where the multiplication principle 
appears in each representation. In this example, there are 3 • 3 = 9 possible 
meals. 
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Operations and Algebraic Thinking (OA) 
Gain familiarity with factors and multiples. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.OA.4. Find all factor pairs for a whole number 
in the range 1–100. Recognize that a whole 
number is a multiple of each of its factors. 
Determine whether a given whole number in the 
range 1–100 is a multiple of a given one-digit 
number. Determine whether a given whole 
number in the range 1–100 is prime or 
composite. 
 
 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.7. Look for and make use 
of structure. 

Students should understand the process of finding factor pairs so they can do 
this for any number 1 -100,  
Example: 
Factor pairs for 96: 1 and 96, 2 and 48, 3 and 32, 4 and 24, 6 and 16, 8 and 12. 
 

Multiples can be thought of as the result of skip counting by each of the factors. 
When skip counting, students should be able to identify the number of factors 
counted e.g., 5, 10, 15, 20 (there are 4 fives in 20). 
 
Example: 
 Factors of 24: 1, 2, 3, 4, 6, 8,12, 24 
                 Multiples  : 1,2,3,4,5…24 
     2,4,6,8,10,12,14,16,18,20,22,24 
     3,6,9,12,15,18,21,24 
     4,8,12,16,20,24 
     8,16,24 
     12,24 
     24 
 
To determine if a number between1-100 is a multiple of a given one-digit 
number, some helpful hints include the following: 

• all even numbers are multiples of 2 
• all even numbers that can be halved twice (with a whole number result) 

are multiples of 4 
• all numbers ending in 0 or 5 are multiples of 5 

 
Prime vs. Composite: 
A prime number is a number greater than 1 that has only 2 factors, 1 and itself. 
Composite numbers have more than 2 factors. 
 
Students investigate whether numbers are prime or composite by 

• building rectangles (arrays) with the given area and finding which 
numbers have more than two rectangles (e.g. 7 can be made into only 
2 rectangles, 1 x 7 and 7 x 1, therefore it is a prime number) 

• finding factors of the number 
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Operations and Algebraic Thinking (OA) 
Generate and analyze patterns. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.OA.5. Generate a number or shape pattern 
that follows a given rule. Identify apparent 
features of the pattern that were not explicit in 
the rule itself. For example, given the rule “Add 
3” and the starting number 1, generate terms in 
the resulting sequence and observe that the 
terms appear to alternate between odd and 
even numbers. Explain informally why the 
numbers will continue to alternate in this way. 
 
Connections: 4.OA.4; 4.RI.3; 4.RI.7; 4.W.2b; 
4.W.2d; ET04-S1C1-01; ET04-S1C3-01 
 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.7. Look for and make use 
of structure. 

Patterns involving numbers or symbols either repeat or grow. Students need 
multiple opportunities creating and extending number and shape patterns. 
Numerical patterns allow students to reinforce facts and develop fluency with 
operations.  
 
Patterns and rules are related. A pattern is a sequence that repeats the same 
process over and over. A rule dictates what that process will look like. Students 
investigate different patterns to find rules, identify features in the patterns, and 
justify the reason for those features. 
 
Examples: 

Pattern Rule Feature(s) 
3, 8, 13, 18, 23, 
28, …  

Start with 3, 
add 5  

The numbers alternately end with a 3 or 
8  

5, 10, 15, 20 … 
 

Start with 5, 
add 5 

The numbers are multiples of 5 and end 
with either 0 or 5. The numbers that end 
with 5 are products of 5 and an odd 
number.  
The numbers that end in 0 are products 
of 5 and an even number. 

 
After students have identified rules and features from patterns, they need to 
generate a numerical or shape pattern from a given rule. 
 
Example: 
 

Rule: Starting at 1, create a pattern that starts at 1 and multiplies each number 
by 3. Stop when you have 6 numbers. 
 
Students write 1, 3, 9, 27, 81, 243. Students notice that all the numbers are odd 
and that the sums of the digits of the 2 digit numbers are each 9. Some students 
might investigate this beyond 6 numbers. Another feature to investigate is the 
patterns in the differences of the numbers (3 - 1 = 2, 9 - 3 = 6, 27 - 9 = 18, etc.) 
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Number and Operations in Base Ten (NBT) (Grade 4 expectations in this domain are limited to whole numbers less than or equal to 1,000,000.) 
Generalize place value understanding for multi-digit whole numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.NBT.1. Recognize that in a multi-digit whole 
number, a digit in one place represents ten 
times what it represents in the place to its right. 
For example, recognize that 700 ÷ 70 = 10 by 
applying concepts of place value and division. 

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

Students should be familiar with and use place value as they work with numbers. 
Some activities that will help students develop understanding of this standard 
are: 

• Investigate the product of 10 and any number, then justify why the 
number now has a 0 at the end. (7 x 10 = 70 because 70 represents 7 
tens and no ones, 10 x 35 = 350 because the 3 in 350 represents 3 
hundreds, which is 10 times as much as 3 tens, and the 5 represents 5 
tens, which is 10 times as much as 5 ones.) While students can easily 
see the pattern of adding a 0 at the end of a number when multiplying by 
10, they need to be able to justify why this works. 

• Investigate the pattern, 6, 60, 600, 6,000, 60,000, 600,000 by dividing 
each number by the previous number.  

4.NBT.2. Read and write multi-digit whole 
numbers using base-ten numerals, number 
names, and expanded form. Compare two 
multi-digit numbers based on meanings of the 
digits in each place, using >, =, and < symbols 
to record the results of comparisons. 
 
Connections: 4.NBT.1 

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

The expanded form of 275 is 200 + 70 + 5. Students use place value to compare 
numbers. For example, in comparing 34,570 and 34,192, a student might say, 
both numbers have the same value of 10,000s and the same value of 1000s 
however, the value in the 100s place is different so that is where I would 
compare the two numbers. 
 
 

4.NBT.3. Use place value understanding to 
round multi-digit whole numbers to any place. 
 
Connections: 4.NBT.3; 4.RI.3 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.6. Attend to precision. 

When students are asked to round large numbers, they first need to identify 
which digit is in the appropriate place.  
 
Example: Round 76,398 to the nearest 1000. 

• Step 1: Since I need to round to the nearest 1000, then the answer is 
either 76,000 or 77,000. 

• Step 2: I know that the halfway point between these two numbers is 
76,500. 

• Step 3: I see that 76,398 is between 76,000 and 76,500. 
• Step 4: Therefore, the rounded number would be 76,000. 
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Number and Operations in Base Ten (NBT) (Grade 4 expectations in this domain are limited to whole numbers less than or equal to 1,000,000.) 
Use place value understanding and properties of operations to perform multi-digit arithmetic. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.NBT.4. Fluently add and subtract multi-digit 
whole numbers using the standard algorithm. 
 
Connections: 4.NBT.2 
 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.7. Look for and make use 
of structure. 
 
4.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students build on their understanding of addition and subtraction, their use of 
place value and their flexibility with multiple strategies to make sense of the 
standard algorithm. They continue to use place value in describing and justifying 
the processes they use to add and subtract. 
 
When students begin using the standard algorithm their explanation may be 
quite lengthy. After much practice with using place value to justify their steps, 
they will develop fluency with the algorithm. Students should be able to explain 
why the algorithm works. 
 
   3892  
+ 1567  
 
Student explanation for this problem: 

1. Two ones plus seven ones is nine ones. 
2. Nine tens plus six tens is 15 tens. 
3. I am going to write down five tens and think of the10 tens as one more 

hundred.(notates with a 1 above the hundreds column) 
4. Eight hundreds plus five hundreds plus the extra hundred from adding 

the tens is 14 hundreds.  
5. I am going to write the four hundreds and think of the 10 hundreds as 

one more 1000. (notates with a 1 above the thousands column) 
6. Three thousands plus one thousand plus the extra thousand from the 

hundreds is five thousand.  
 
                                       3546 
                                     -   928 
   
 
Student explanation for this problem: 

1. There are not enough ones to take 8 ones from 6 ones so I have to use 
one ten as 10 ones. Now I have 3 tens and 16 ones. (Marks through the 
4 and notates with a 3 above the 4 and writes a 1 above the ones 
column to be represented as 16 ones.) 

2. Sixteen ones minus 8 ones is 8 ones. (Writes an 8 in the ones column of 
answer.) 

3. Three tens minus 2 tens is one ten. (Writes a 1 in the tens column of 
answer.) 



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 109 

Number and Operations in Base Ten (NBT) (Grade 4 expectations in this domain are limited to whole numbers less than or equal to 1,000,000.) 
Use place value understanding and properties of operations to perform multi-digit arithmetic. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

4. There are not enough hundreds to take 9 hundreds from 5 hundreds so I 
have to use one thousand as 10 hundreds. (Marks through the 3 and 
notates with a 2 above it. (Writes down a 1 above the hundreds column.) 
Now I have 2 thousand and 15 hundreds. 

5. Fifteen hundreds minus 9 hundreds is 6 hundreds. (Writes a 6 in the 
hundreds column of the answer). 

6. I have 2 thousands left since I did not have to take away any thousands. 
(Writes 2 in the thousands place of answer.) 

 
Note: Students should know that it is mathematically possible to subtract a larger 
number from a smaller number but that their work with whole numbers does not 
allow this as the difference would result in a negative number. 

4.NBT.5. Multiply a whole number of up to four 
digits by a one-digit whole number, and multiply 
two two-digit numbers, using strategies based 
on place value and the properties of operations. 
Illustrate and explain the calculation by using 
equations, rectangular arrays, and/or area 
models. 
 
Connections: 4.OA.2; 4.OA.3; 4.NBT.1; 4.RI.7; 
4.W.2b; 4.W.2d; ET04-S1C2-01;  
ET04-S1C4-01  

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.7. Look for and make use 
of structure. 

Students who develop flexibility in breaking numbers apart have a better 
understanding of the importance of place value and the distributive property in 
multi-digit multiplication. Students use base ten blocks, area models, 
partitioning, compensation strategies, etc. when multiplying whole numbers and 
use words and diagrams to explain their thinking. They use the terms factor and 
product when communicating their reasoning. Multiple strategies enable 
students to develop fluency with multiplication and transfer that understanding to 
division. Use of the standard algorithm for multiplication is an expectation in the 
5th grade. 
 
Students may use digital tools to express their ideas.  
 
 
Use of place value and the distributive property are applied in the scaffolded 
examples below. 
 

• To illustrate 154 x 6 students use base 10 blocks or use drawings to show 
154 six times. Seeing 154 six times will lead them to understand the 
distributive property, 154 X 6 = (100 + 50 + 4) x 6 = (100 x 6) + (50 X 6) 
+ (4 X 6) = 600 + 300 + 24 = 924. 

• The area model shows the partial products. 
      14 x 16 = 224                         
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Number and Operations in Base Ten (NBT) (Grade 4 expectations in this domain are limited to whole numbers less than or equal to 1,000,000.) 
Use place value understanding and properties of operations to perform multi-digit arithmetic. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
 

• Students explain this strategy and the one below with base 10 blocks, 
drawings, or numbers. 

      25 
           x24 
           400 (20 x 20)  
           100 (20 x 5) 
             80 (4 x 20) 
             20 (4 x 5) 
           600 
 

• 25 
           x24 
           500 (20 x 25)  
           100 (4 x 25) 
           600 
 

• Matrix model 
This model should be introduced after students have facility with the 
strategies shown above. 
 

20         5 
 
      20   400     100      500        
 
        4     80       20      100 
 
             480  + 120     600 
  

Using the area model, students first 
verbalize their understanding: 

• 10 x 10 is 100 
• 4 x 10 is 40 
• 10 x 6 is 60, and  
• 4 x 6 is 24. 

They use different strategies to record 
this type of thinking. 
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Number and Operations in Base Ten (NBT) (Grade 4 expectations in this domain are limited to whole numbers less than or equal to 1,000,000.) 
Use place value understanding and properties of operations to perform multi-digit arithmetic. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.NBT.6. Find whole-number quotients and 
remainders with up to four-digit dividends and 
one-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. 
 
Connections: 4.OA.2; 4.OA.3; 4.NBT.1; 4.RI.7; 
4.W.2b; 4.W.2d; ET04-S1C4-01 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.7. Look for and make use 
of structure. 

In fourth grade, students build on their third grade work with division within 100. 
Students need opportunities to develop their understandings by using problems 
in and out of context.    
 

Examples: 
A 4th grade teacher bought 4 new pencil boxes. She has 260 pencils. She wants 
to put the pencils in the boxes so that each box has the same number of pencils. 
How many pencils will there be in each box? 
 

• Using Base 10 Blocks: Students build 260 with base 10 blocks and 
distribute them into 4 equal groups. Some students may need to trade 
the 2 hundreds for tens but others may easily recognize that 200 divided 
by 4 is 50.  

• Using Place Value:  260 ÷ 4 = (200 ÷ 4) + (60 ÷ 4)  
• Using Multiplication:  4 x 50 = 200, 4 x 10 = 40, 4 x 5 = 20; 50 + 10 + 5 

= 65; so 260  ÷ 4 = 65 
 

Students may use digital tools to express ideas. 
• Using an Open Array or Area Model 

After developing an understanding of using arrays to divide, students 
begin to use a more abstract model for division. This model connects to 
a recording process that will be formalized in the 5th grade. 

Example: 150 ÷ 6 

 

 
 

Students make a rectangle and write 6 on one of its sides. They express 
their understanding that they need to think of the rectangle as representing a 
total of 150. 
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Number and Operations in Base Ten (NBT) (Grade 4 expectations in this domain are limited to whole numbers less than or equal to 1,000,000.) 
Use place value understanding and properties of operations to perform multi-digit arithmetic. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

1. Students think, 6 times what number is a number close to 150? 
They recognize that 6 x 10 is 60 so they record 10 as a factor and 
partition the rectangle into 2 rectangles and label the area aligned to 
the factor of 10 with 60. They express that they have only used 60 of 
the 150 so they have 90 left. 

2. Recognizing that there is another 60 in what is left they repeat the 
process above. They express that they have used 120 of the 150 so 
they have 30 left.  

3. Knowing that 6 x 5 is 30. They write 30 in the bottom area of the 
rectangle and record 5 as a factor.  

4. Students express their calculations in various ways: 
a. 150   150 ÷ 6 = 10 + 10 + 5 = 25 

                - 60 (6 x 10) 
                90  
              - 60 (6 x 10) 
                30 
            -   30  (6 x  5) 
             0 
 

b.  150 ÷ 6 = (60 ÷ 6) + (60 ÷ 6) + (30 ÷ 6) = 10 + 10 + 5 = 25 
 

Example 2: 
          1917 ÷ 9 

 

 
 
A student’s description of his or her thinking may be: 
I need to find out how many 9s are in 1917. I know that 200 x 9 is 1800. 
So if I use 1800 of the 1917, I have 117 left. I know that 9 x 10 is 90. So 
if I have 10 more 9s, I will have 27 left. I can make 3 more 9s. I have 
200 nines, 10 nines and 3 nines. So I made 213 nines. 1917 ÷ 9 = 213.  
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Number and Operations—Fractions (NF) 
(Grade 4 expectations in this domain are limited to fractions with denominators 2, 3, 4, 5, 6, 8, 10, 12 and 100.) 
Extend understanding of fraction equivalence and ordering. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.NF.1. Explain why a fraction a/b is equivalent 
to a fraction (n x a)/(n x b) by using visual 
fraction models, with attention to how the 
number and size of the parts differ even though 
the two fractions themselves are the same size. 
Use this principle to recognize and generate 
equivalent fractions. 
 
Connections:  4.RI.7; 4.SL.1b; 4.SL.1c; 4.SL.1d; 
ET04-S1C2-02 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.7. Look for and make use 
of structure. 
 
4.MP.8. Look for and express 
regularity in repeated 
reasoning. 
 
 
 
 
    

This standard extends the work in third grade by using additional denominators 
(5, 10, 12, and 100).  
 

Students can use visual models or applets to generate equivalent fractions. 
 
All the models show 1/2. The second model shows 2/4 but also shows that 1/2  
and 2/4 are equivalent fractions because their areas are equivalent. When a 
horizontal line is drawn through the center of the model, the number of equal 
parts doubles and size of the parts is halved.  
 
Students will begin to notice connections between the models and fractions in 
the way both the parts and wholes are counted and begin to generate a rule for 
writing equivalent fractions. 
  
1/2 x 2/2 = 2/4. 
 
 
 
 
 
 
 
                  1                        2 = 2 x 1                 3 = 3 x 1              4 = 4 x 1 
                  2                        4    2 x 2                 6    3 x 2              8    4 x 2 
 
Technology Connection: http://illuminations.nctm.org/activitydetail.aspx?id=80 

4.NF.2. Compare two fractions with different 
numerators and different denominators, e.g., by 
creating common denominators or numerators, 
or by comparing to a benchmark fraction such 
as 1/2. Recognize that comparisons are valid 
only when the two fractions refer to the same 
whole. Record the results of comparisons with 
symbols >, =, or <, and justify the conclusions, 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 

Benchmark fractions include common fractions between 0 and 1 such as halves, 
thirds, fourths, fifths, sixths, eighths, tenths, twelfths, and hundredths. 
 
Fractions can be compared using benchmarks, common denominators, or 
common numerators. Symbols used to describe comparisons include   <, >, =. 
 
 
 
 

http://illuminations.nctm.org/activitydetail.aspx?id=80
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Number and Operations—Fractions (NF) 
(Grade 4 expectations in this domain are limited to fractions with denominators 2, 3, 4, 5, 6, 8, 10, 12 and 100.) 
Extend understanding of fraction equivalence and ordering. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
e.g., by using a visual fraction model. 
Connection: 4.RI.5; ET04-S1C4-01 

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

Fractions may be compared using 
1
2

 as a benchmark. 

 
 

Possible student thinking by using benchmarks: 

• 
1
8

 is smaller than 
1
2

because when 1 whole is cut into 8 pieces, 

the pieces are much smaller than when 1 whole is cut into 2 
pieces. 

 

Possible student thinking by creating common denominators: 

• 
6
5

 > 
1
2

 because 
6
3

= 
1
2

 and 
6
5

> 
6
3

 
 

Fractions with common denominators may be compared using the numerators 
as a guide. 

• 
6
2

 < 
6
3

 < 
6
5

 
 

Fractions with common numerators may be compared and ordered using the 
denominators as a guide. 
 

• 
10
3

 < 
8
3

 < 
4
3
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Number and Operations—Fractions (NF) 
(Grade 4 expectations in this domain are limited to fractions with denominators 2, 3, 4, 5, 6, 8, 10, 12 and 100.) 
Build fractions from unit fractions by applying and extending previous understandings 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.NF.3. Understand a fraction a/b with a > 1 as 
a sum of fractions 1/b. 
a. Understand addition and subtraction of 

fractions as joining and separating parts 
referring to the same whole. 

b. Decompose a fraction into a sum of fractions 
with the same denominator in more than 
one way, recording each decomposition by 
an equation. Justify decompositions, e.g., 
by using a visual fraction model.  
Examples: 3/8=1/8+1/8+1/8 ; 3/8=1/8+2/8; 
2 1/8=1 + 1+1/8=8/8+8/8 +1/8. 

c. Add and subtract mixed numbers with like 
denominators, e.g., by replacing each 
mixed number with an equivalent fraction, 
and/or by using properties of operations 
and the relationship between addition and 
subtraction. 

d. Solve word problems involving addition and 
subtraction of fractions referring to the 
same whole and having like denominators, 
e.g., by using visual fraction models and 
equations to represent the problem.  
 

Connections: 4.RI.7; 4.W.2b; ET04-S1C2-02; 
ET04-S1C4-01 

4.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.6. Attend to precision. 
 
4.MP.7. Look for and make use 
of structure. 
 
4.MP.8. Look for and express 
regularity in repeated 
reasoning. 

A fraction with a numerator of one is called a unit fraction. When students 
investigate fractions other than unit fractions, such as 2/3, they should be able to 
decompose the non-unit fraction into a combination of several unit fractions.  
 
Example: 2/3 = 1/3 + 1/3 
 
Being able to visualize this decomposition into unit fractions helps students 
when adding or subtracting fractions. Students need multiple opportunities to 
work with mixed numbers and be able to decompose them in more than one 
way. Students may use visual models to help develop this understanding.  
 
Example:  

• 1 ¼ - ¾ =       
 

4/4 + ¼ = 5/4  
 
5/4 – ¾ = 2/4 or ½  
 

Example of word problem: 
• Mary and Lacey decide to share a pizza. Mary ate 3/6 and Lacey ate 2/6 

of the pizza. How much of the pizza did the girls eat together? 
 
Solution: The amount of pizza Mary ate can be thought of a 3/6 or 1/6 
and 1/6 and 1/6. The amount of pizza Lacey ate can be thought of a 1/6 
and 1/6. The total amount of pizza they ate is 1/6 + 1/6 + 1/6 + 1/6 + 1/6 
or 5/6 of the whole pizza. 
 

A separate algorithm for mixed numbers in addition and subtraction is not 
necessary. Students will tend to add or subtract the whole numbers first and 
then work with the fractions using the same strategies they have applied to 
problems that contained only fractions.  
 
 
Example:  

• Susan and Maria need 8 3/8 feet of ribbon to package gift baskets. Susan 
has 3 1/8 feet of ribbon and Maria has 5 3/8 feet of ribbon. How much 
ribbon do they have altogether? Will it be enough to complete the 
project? Explain why or why not. 
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Number and Operations—Fractions (NF) 
(Grade 4 expectations in this domain are limited to fractions with denominators 2, 3, 4, 5, 6, 8, 10, 12 and 100.) 
Build fractions from unit fractions by applying and extending previous understandings 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
The student thinks: I can add the ribbon Susan has to the ribbon Maria has to 
find out how much ribbon they have altogether. Susan has 3 1/8 feet of ribbon 
and Maria has 5 3/8 feet of ribbon. I can write this as 3 1/8 + 5 3/8.  I know they 
have 8 feet of ribbon by adding the 3 and 5. They also have 1/8 and 3/8 which 
makes a total of 4/8 more. Altogether they have 8 4/8 feet of ribbon. 8 4/8 is 
larger than 8 3/8 so they will have enough ribbon to complete the project. They 
will even have a little extra ribbon left, 1/8 foot. 
 
Example: 

• Trevor has 4 1/8 pizzas left over from his soccer party. After giving some 
pizza to his friend, he has 2 4/8 of a pizza left. How much pizza did 
Trevor give to his friend? 

 
Solution: Trevor had 4 1/8 pizzas to start. This is 33/8 of a pizza. The x’s show 
the pizza he has left which is 2 4/8 pizzas or 20/8 pizzas. The shaded rectangles 
without the x’s are the pizza he gave to his friend which is 13/8 or 1 5/8 pizzas. 
 
 
 
 
 
 
 
 

x x x x 

x x x x 

x x x x x x x x 

x x x x 
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Number and Operations—Fractions (NF) 
(Grade 4 expectations in this domain are limited to fractions with denominators 2, 3, 4, 5, 6, 8, 10, 12 and 100.) 
Build fractions from unit fractions by applying and extending previous understandings 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.NF.4. Apply and extend previous 
understandings of multiplication to multiply a 
fraction by a whole number. 
a. Understand a fraction a/b as a multiple of 

1/b. For example, use a visual fraction 
model to represent 5/4 as the product 
5×(1/4), recording the conclusion by the 
equation 5/4 = 5×(1/4). 

b. Understand a multiple of a/b as a multiple of 
1/b, and use this understanding to multiply 
a fraction by a whole number. For 
example, use a visual fraction model to 
express 3×(2/5) as 6×(1/5), recognizing 
this product as 6/5. (In general, 
n×(a/b)=(n×a)/b.) 

c. Solve word problems involving multiplication 
of a fraction by a whole number, e.g., by 
using visual fraction models and equations 
to represent the problem. For example, if 
each person at a party will eat 3/8 of a 
pound of roast beef, and there will be 5 
people at the party, how many pounds of 
roast beef will be needed? Between what 
two whole numbers does your answer lie?  
 

Connections: 4.RI.5; 4.W.2e; ET04-S1C2-02 

4.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.6. Attend to precision. 
 
4.MP.7. Look for and make use 
of structure. 
 
4.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students need many opportunities to work with problems in context to 
understand the connections between models and corresponding equations. 
Contexts involving a whole number times a fraction lend themselves to modeling 
and examining patterns. 
 

Examples: 
• 3 x (2/5) = 6 x (1/5) = 6/5 

 
 
 
 
 
 
 
 
 
 

• If each person at a party eats 3/8 of a pound of roast beef, and there are 5 
people at the party, how many pounds of roast beef are needed? 
Between what two whole numbers does your answer lie? 

 

A student may build a fraction model to represent this problem: 
 

       
 
 
 
 
              3/8                3/8                   3/8                   3/8                  3/8 
 
 
 
                                                       3/8 + 3/8 + 3/8 + 3/8 + 3/8 = 15/8 = 1 7/8 
 
 

 

5
2  

5
2  

5
2  

5
1  

5
1  

5
1  

5
1  

5
1  

5
1  
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Number and Operations—Fractions (NF) 
(Grade 4 expectations in this domain are limited to fractions with denominators 2, 3, 4, 5, 6, 8, 10, 12 and 100.) 
Understand decimal notation for fractions, and compare decimal fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.NF.5. Express a fraction with denominator 10 
as an equivalent fraction with denominator 100, 
and use this technique to add two fractions with 
respective denominators 10 and 100. For 
example, express 3/10 as 30/100, and add 
3/10 + 4/100 = 34/100. (Students who can 
generate equivalent fractions can develop 
strategies for adding fractions with unlike 
denominators in general. But addition and 
subtraction with unlike denominators in general 
is not a requirement at this grade.) 
 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.7. Look for and make use 
of structure. 
 

Students can use base ten blocks, graph paper, and other place value models to 
explore the relationship between fractions with denominators of 10 and 
denominators of 100. 
 
Students may represent 3/10 with 3 longs and may also write the fraction as 
30/100 with the whole in this case being the flat (the flat represents one hundred 
units with each unit equal to one hundredth). Students begin to make 
connections to the place value chart as shown in 4.NF.6. 
 
This work in fourth grade lays the foundation for performing operations with 
decimal numbers in fifth grade. 

4.NF.6. Use decimal notation for fractions with 
denominators 10 or 100. For example, rewrite 
0.62 as  62/100; describe a length as 0.62 
meters; locate 0.62 on a number line diagram. 
 
Connection: ET04-S1C2-03 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.7. Look for and make use 
of structure. 
 

Students make connections between fractions with denominators of 10 and 100 
and the place value chart. By reading fraction names, students say 32/100 as 
thirty-two hundredths and rewrite this as 0.32 or represent it on a place value 
model as shown below.  
 

Hundreds Tens Ones • Tenths Hundredths 
   • 3 2 

 
Students use the representations explored in 4.NF.5 to understand 32/100 can 
be expanded to 3/10 and 2/100.  
 
Students represent values such as 0.32 or 32/100 on a number line. 32/100 is 
more than 30/100 (or 3/10) and less than 40/100 (or 4/10). It is closer to 30/100 
so it would be placed on the number line near that value. 
 
 
 
 
 
 
 

4.NF.7. Compare two decimals to hundredths 
by reasoning about their size. Recognize that 
comparisons are valid only when the two 

4.MP.2. Reason abstractly and 
quantitatively. 

Students build area and other models to compare decimals. Through these 
experiences and their work with fraction models, they build the understanding 
that comparisons between decimals or fractions are only valid when the whole is 

0.5 0.8 0.1 0 0.2 0.3 0.4 0.6 0.7 0.9 1.0 

0.32 
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Number and Operations—Fractions (NF) 
(Grade 4 expectations in this domain are limited to fractions with denominators 2, 3, 4, 5, 6, 8, 10, 12 and 100.) 
Understand decimal notation for fractions, and compare decimal fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
decimals refer to the same whole. Record the 
results of comparisons with the symbols >, =, or 
<, and justify the conclusions, e.g., by using a 
visual model. 
 
Connections: 4.RI.7; 4.SL.1b; 4.SL.1c; 4.SL.1d; 
ET04-S1C2-02 

 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.7. Look for and make use 
of structure. 
 

the same for both cases. Each of the models below shows 3/10 but the whole on 
the right is much bigger than the whole on the left. They are both 3/10 but the 
model on the right is a much larger quantity than the model on the left. 
 
 
 
 
 
 
 
 
 
When the wholes are the same, the decimals or fractions can be compared.  
 
Example:  
 

• Draw a model to show that 0.3 < 0.5. (Students would sketch two models 
of approximately the same size to show the area that represents three-
tenths is smaller than the area that represents five-tenths. 
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Measurement and Data (MD) 
Solve problems involving measurement and conversion of measurements from a larger unit to a smaller unit. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.MD.1. Know relative sizes of measurement 
units within one system of units including km, 
m, cm; kg, g; lb, oz.; l, ml; hr, min, sec. Within a 
single system of measurement, express 
measurements in a larger unit in terms of a 
smaller unit. Record measurement equivalents 
in a two-column table. For example, know that 1 
ft is 12 times as long as 1 in. Express the length 
of a 4 ft snake as 48 in. Generate a conversion 
table for feet and inches listing the number pairs 
(1, 12), (2, 24), (3, 36), 
 
Connections: 4.OA.5; 4.NBT.5; ET04-S1C2-01; 
ET04-S1C2-02 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.6. Attend to precision. 
 

The units of measure that have not been addressed in prior years are pounds, 
ounces, kilometers, milliliters, and seconds. Students’ prior experiences were 
limited to measuring length, mass, liquid volume, and elapsed time. Students did 
not convert measurements. Students need ample opportunities to become 
familiar with these new units of measure. 
  
Students may use a two-column chart to convert from larger to smaller units and 
record equivalent measurements. They make statements such as, if one foot is 
12 inches, then 3 feet has to be 36 inches because there are 3 groups of 12. 
 
Example: 
 

kg g  ft in  lb oz 
1 1000  1 12  1 16 
2 2000  2 24  2 32 
3 3000  3 36  3 48 

 
4.MD.2. Use the four operations to solve word 
problems involving distances, intervals of time, 
liquid volumes, masses of objects, and money, 
including problems involving simple fractions or 
decimals, and problems that require expressing 
measurements given in a larger unit in terms of 
a smaller unit. Represent measurement 
quantities using diagrams such as number line 
diagrams that feature a measurement scale. 
 
Connections: 4.OA.2; 4.OA.3; 4.NBT.4; 
4.NF4.a; 4.NF.4c; 4.RI.5; 4.RI.7; 4.W.2e;  
ET04-S1C4-01 

4.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.6. Attend to precision. 

Examples: 
 

Division/fractions: Susan has 2 feet of ribbon. She wants to give her ribbon to 
her 3 best friends so each friend gets the same amount. How much ribbon will 
each friend get?  
 

Students may record their solutions using fractions or inches. (The answer 
would be 2/3 of a foot or 8 inches. Students are able to express the answer in 
inches because they understand that 1/3 of a foot is 4 inches and 2/3 of a foot is 
2 groups of 1/3.) 
 
Addition: Mason ran for an hour and 15 minutes on Monday, 25 minutes on 
Tuesday, and 40 minutes on Wednesday. What was the total number of minutes 
Mason ran? 
  
Subtraction: A pound of apples costs $1.20. Rachel bought a pound and a half 
of apples. If she gave the clerk a $5.00 bill, how much change will she get back? 
 
Continued on next page 
Multiplication: Mario and his 2 brothers are selling lemonade. Mario brought one 
and a half liters, Javier brought 2 liters, and Ernesto brought 450 milliliters. How 
many total milliliters of lemonade did the boys have? 
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Measurement and Data (MD) 
Solve problems involving measurement and conversion of measurements from a larger unit to a smaller unit. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
Number line diagrams that feature a measurement scale can represent 
measurement quantities. Examples include: ruler, diagram marking off distance 
along a road with cities at various points, a timetable showing hours throughout 
the day, or a volume measure on the side of a container. 

 

4.MD.3. Apply the area and perimeter formulas 
for rectangles in real world and mathematical 
problems. For example, find the width of a 
rectangular room given the area of the flooring 
and the length, by viewing the area formula as a 
multiplication equation with an unknown factor. 
 
Connections: 4.NBT.5; ET04-S1C1-01 
 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.6. Attend to precision. 
 
4.MP.7. Look for and make use 
of structure. 

Students developed understanding of area and perimeter in 3rd grade by using 
visual models. 
 
While students are expected to use formulas to calculate area and perimeter of 
rectangles, they need to understand and be able to communicate their 
understanding of why the formulas work.  
 
The formula for area is I x w and the answer will always be in square units. 
 
The formula for perimeter can be 2 l + 2 w or 2 (l + w) and the answer will be in 
linear units. 
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Measurement and Data (MD) 
Represent and interpret data. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.MD.4. Make a line plot to display a data set of 
measurements in fractions of a unit (1/2, 1/4, 
1/8). Solve problems involving addition and 
subtraction of fractions by using information 
presented in line plots. For example, from a line 
plot find and interpret the difference in length 
between the longest and shortest specimens in 
an insect collection. 
 
Connections: 4.NF.3d 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.6. Attend to precision. 
 
4.MP.7. Look for and make use 
of structure. 

Example: 
 
Ten students in Room 31 measured their pencils at the end of the day.  They 
recorded their results on the line plot below. 
 
 

X       X 
X       X               X 

  X    X      X               X             X 
 _________________________________________ 
  3 ½”         4”         4 ¼”        5 1/8”         5 1/2” 
 
Possible questions: 

• What is the difference in length from the longest to the shortest pencil? 
• If you were to line up all the pencils, what would the total length be? 
• If the 5 1/8” pencils are placed end to end, what would be their total 

length? 
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Measurement and Data (MD) 
Geometric measurement: understand concepts of angle and measure angles. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.MD.5. Recognize angles as geometric shapes 
that are formed wherever two rays share a 
common endpoint, and understand concepts of 
angle measurement: 
a. An angle is measured with reference to a 

circle with its center at the common 
endpoint of the rays, by considering the 
fraction of the circular arc between the 
points where the two rays intersect the 
circle. An angle that turns through 1/360 of 
a circle is called a “one-degree angle,” and 
can be used to measure angles. 

b. An angle that turns through n one-degree 
angles is said to have an angle measure of 
n degrees 

Connection: ET04-S1C2-02 

4.MP.6. Attend to precision. 
 
4.MP.7. Look for and make use 
of structure. 

The diagram below will help students understand that an angle measurement is 
not related to an area since the area between the 2 rays is different for both 
circles yet the angle measure is the same. 

 

 

4.MD.6. Measure angles in whole-number 
degrees using a protractor. Sketch angles of 
specified measure. 
 
Connections: 4.MD.5; 4.G.1; 4.G.2 

4.MP.2. Reason abstractly and 
quantitatively. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.6. Attend to precision. 

Before students begin measuring angles with protractors, they need to have 
some experiences with benchmark angles. They transfer their understanding 
that a 360º rotation about a point makes a complete circle to recognize and 
sketch angles that measure approximately 90º and 180º. They extend this 
understanding and recognize and sketch angles that measure approximately 45º 
and 30º. They use appropriate terminology (acute, right, and obtuse) to describe 
angles and rays (perpendicular). 

4.MD.7. Recognize angle measure as additive. 
When an angle is decomposed into non-
overlapping parts, the angle measure of the 
whole is the sum of the angle measures of the 
parts. Solve addition and subtraction problems 
to find unknown angles on a diagram in real 
world and mathematical problems, e.g., by 
using an equation with a symbol for the 
unknown angle measure. 
 

 
Connections: 4.OA.3; 4.OA.4; 4.MD.5; 4.MD.6; 
4.G.1; 4.G.2; ET04-S1C3-01 
 

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

4.MP.2. Reason abstractly and 
quantitatively. 
 

4.MP.4. Model with 
mathematics. 
 

4.MP.6. Attend to precision. 
 

Examples 
If the two rays are perpendicular, what is the value of m? 

 
 
 
Examples: 

• Joey knows that when a clock’s hands are exactly on 12 and 1, the angle 
formed by the clock’s hands measures 30º. What is the measure of the 
angle formed when a clock’s hands are exactly on the 12 and 4?  
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Measurement and Data (MD) 
Geometric measurement: understand concepts of angle and measure angles. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• The five shapes in the diagram are the exact same size. Write an 
equation that will help you find the measure of the indicated angle. Find 
the angle measurement. 
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Geometry (G) 
Draw and identify lines and angles, and classify shapes by properties of their lines and angles. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.G.1. Draw points, lines, line segments, rays, 
angles (right, acute, obtuse), and perpendicular 
and parallel lines. Identify these in two-
dimensional figures. 
 
Connections: 4.MD.5; 4.MD.6; 4.G.2;  
ET04-S1C4-01 

4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.6. Attend to precision. 

Examples of points, line segments, lines, angles, parallelism, and 
perpendicularity can be seen daily. Students do not easily identify lines and rays 
because they are more abstract.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Right angle 

 
 

Acute angle  

 
 

Obtuse angle  

 
 

Straight angle  
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Geometry (G) 
Draw and identify lines and angles, and classify shapes by properties of their lines and angles. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
4.G.2. Classify two-dimensional figures based 
on the presence or absence of parallel or 
perpendicular lines, or the presence or absence 
of angles of a specified size. Recognize right 
triangles as a category, and identify right 
triangles. 
 
Connections: 4.MD.5; 4.MD.6; 4.G.1 

 Two-dimensional figures may be classified using different characteristics such 
as, parallel or perpendicular lines or by angle measurement.  
 
Parallel or Perpendicular Lines: 
 
Students should become familiar with the concept of parallel and perpendicular 
lines. Two lines are parallel if they never intersect and are always equidistant. 
Two lines are perpendicular if they intersect in right angles (90º). 
 

Students may use transparencies with lines to arrange two lines in different 
ways  to determine that the 2 lines might intersect in one point or may never 
intersect. Further investigations may be initiated using geometry software. These 
types of explorations may lead to a discussion on angles.  
 

Parallel and perpendicular lines are shown below: 
 

            
 
Example: 

• Identify which of these shapes have perpendicular or parallel sides and 
justify your selection. 
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Geometry (G) 
Draw and identify lines and angles, and classify shapes by properties of their lines and angles. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
  A possible justification that students might give is: 

The square has perpendicular lines because the sides meet at a corner, forming 
right angles. 

                                    
                                

Angle Measurement: 
 

This expectation is closely connected to 4.MD.5, 4.MD.6, and 4.G.1. Students’ 
experiences with drawing and identifying right, acute, and obtuse angles support 
them in classifying two-dimensional figures based on specified angle 
measurements. They use the benchmark angles of 90°, 180°, and 360° to 
approximate the measurement of angles.  
  
Right triangles can be a category for classification. A right triangle has one right 
angle. There are different types of right triangles. An isosceles right triangle has 
two or more congruent sides and a scalene right triangle has no congruent 
sides. 

4.G.3. Recognize a line of symmetry for a two-
dimensional figure as a line across the figure 
such that the figure can be folded along the line 
into matching parts. Identify line-symmetric 
figures and draw lines of symmetry. 
 

4.MP.4. Model with 
mathematics. 
 
4.MP.5. Use appropriate tools 
strategically. 
 
4.MP.6. Attend to precision. 
 
4.MP.7. Look for and make use 
of structure. 

Students need experiences with figures which are symmetrical and non-
symmetrical. Figures include both regular and non-regular polygons. Folding cut-
out figures will help students determine whether a figure has one or more lines 
of symmetry. 
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Standards for Mathematical Practice 
Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

  In fourth grade, students know that doing mathematics involves solving problems and discussing 
how they solved them. Students explain to themselves the meaning of a problem and look for 
ways to solve it. Fourth graders may use concrete objects or pictures to help them conceptualize 
and solve problems. They may check their thinking by asking themselves, “Does this make 
sense?” They listen to the strategies of others and will try different approaches. They often will 
use another method to check their answers. 

4.MP.2. Reason abstractly 
and quantitatively. 
 

 Fourth graders should recognize that a number represents a specific quantity. They connect the 
quantity to written symbols and create a logical representation of the problem at hand, 
considering both the appropriate units involved and the meaning of quantities. They extend this 
understanding from whole numbers to their work with fractions and decimals. Students write 
simple expressions, record calculations with numbers, and represent or round numbers using 
place value concepts. 

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

 In fourth grade, students may construct arguments using concrete referents, such as objects, 
pictures, and drawings. They explain their thinking and make connections between models and 
equations. They refine their mathematical communication skills as they participate in 
mathematical discussions involving questions like “How did you get that?” and “Why is that 
true?” They explain their thinking to others and respond to others’ thinking.  

4.MP.4. Model with 
mathematics. 
 

 Students experiment with representing problem situations in multiple ways including numbers, 
words (mathematical language), drawing pictures, using objects, making a chart, list, or graph, 
creating equations, etc. Students need opportunities to connect the different representations and 
explain the connections. They should be able to use all of these representations as needed. 
Fourth graders should evaluate their results in the context of the situation and reflect on whether 
the results make sense. 

4.MP.5. Use appropriate 
tools strategically. 

 Fourth graders consider the available tools (including estimation) when solving a mathematical 
problem and decide when certain tools might be helpful. For instance, they may use graph paper 
or a number line to represent and compare decimals and protractors to measure angles. They 
use other measurement tools to understand the relative size of units within a system and 
express measurements given in larger units in terms of smaller units.  

4.MP.6. Attend to 
precision. 

 As fourth graders develop their mathematical communication skills, they try to use clear and 
precise language in their discussions with others and in their own reasoning. They are careful 
about specifying units of measure and state the meaning of the symbols they choose. For 
instance, they use appropriate labels when creating a line plot. 
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Standards for Mathematical Practice 
Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

 In fourth grade, students look closely to discover a pattern or structure. For instance, students 
use properties of operations to explain calculations (partial products model). They relate 
representations of counting problems such as tree diagrams and arrays to the multiplication 
principal of counting. They generate number or shape patterns that follow a given rule. 

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

 Students in fourth grade should notice repetitive actions in computation to make generalizations 
Students use models to explain calculations and understand how algorithms work. They also use 
models to examine patterns and generate their own algorithms. For example, students use 
visual fraction models to write equivalent fractions. 
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Table 2. Common multiplication and division situations.7 
 
 Unknown Product Group Size Unknown 

(“How many in each group?” Division) 
Number of Groups Unknown 
(“How many groups?” Division) 

 3 x 6 = ? 3 x ? = 18, and 18 ÷ 3 = ? ? x 6 = 18, and 18 ÷ 6 = ? 

Equal 
Groups 

 

There are 3 bags with 6 plums in each 
bag. How many plums are there in all? 
 
 
Measurement example. 
You need 3 lengths of string, each 6 
inches long. How much string will you 
need altogether? 

If 18 plums are shared equally into 3 bags, 
then how many plums will be in each bag? 
 
 
Measurement example.  
You have 18 inches of string, which you will 
cut into 3 equal pieces. How long will each 
piece of string be? 

If 18 plums are to be packed 6 to a bag, 
then how many bags are needed? 
 
 
Measurement example.  
You have 18 inches of string, which you will 
cut into pieces that are 6 inches long. How 
many pieces of string will you have? 

Arrays,4 
Area5 

There are 3 rows of apples with 6 apples 
in each row. How many apples are 
there? 
 
Area example. 
What is the area of a 3 cm by 6 cm 
rectangle? 

If 18 apples are arranged into 3 equal rows, 
how many apples will be in each row? 
 
 
Area example. 
A rectangle has area 18 square 
centimeters. If one side is 3 cm long, how 
long is a side next to it? 

If 18 apples are arranged into equal rows of 
6 apples, how many rows will there be? 
 
 
Area example. 
A rectangle has area 18 square centimeters. 
If one side is 6 cm long, how long is a side 
next to it? 

Compare 

A blue hat costs $6. A red hat costs 3 
times as much as the blue hat. How 
much does the red hat cost? 
 
Measurement example. 
A rubber band is 6 cm long. How long 
will the rubber band be when it is 
stretched to be 3 times as long? 

A red hat costs $18 and that is 3 times as 
much as a blue hat costs. How much does 
a blue hat cost? 
 
Measurement example. 
A rubber band is stretched to be 18 cm long 
and that is 3 times as long as it was at first. 
How long was the rubber band at first? 

A red hat costs $18 and a blue hat costs $6. 
How many times as much does the red hat 
cost as the blue hat? 
 
Measurement example. 
A rubber band was 6 cm long at first. Now it 
is stretched to be 18 cm long. How many 
times as long is the rubber band now as it 
was at first?  

General General a x b = ? a x ? = p, and p ÷ a = ? ? x b = p, and p ÷ b = ? 
 

7The first examples in each cell are examples of discrete things. These are easier for students and should be given before the measurement examples. 
4The language in the array examples shows the easiest form of array problems. A harder form is to use the terms rows and columns: The apples in the grocery window are in 3 rows 
and 6 columns. How many apples are in there? Both forms are valuable. 
5Area involves arrays of squares that have been pushed together so that there are no gaps or overlaps, so array problems include these especially important measurement 
situations. 
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4th Grade Team/Department and Course Outcomes  
3-5 TEAM/DEPT OUTCOMES: 

1. Students will be able to generate and analyze patterns and relationships. (OA) 
2. Students will be able to demonstrate understanding of the place value system by solving multi-digit whole number and decimal (to the 

hundredths) operations. (NBT) 
3. Students will be able to add, subtract, multiply, and divide fractions. (NF) 
4. Students will be able to solve problems by converting like measurement units within a given measurement system. (MD) 
5. Students will be able to represent and interpret data. (MD) 
6. Students will be able to apply understanding of area, perimeter, angles, and volume by solving problems using correct operations. (MD) 
7. Students will be able to classify two-dimensional figures into categories based on their properties. (G) 

4TH GRADE COURSE OUTCOMES: 

1. Students will be able to fluently add and subtract whole numbers to 1,000,000. (NBT) 
2. Students will be able to read, write, compare, and round whole numbers to the 1,000,000th place value. (NBT) 
3. Students will be able to determine factors and multiples of whole numbers from 1-100. (OA) 
4. Students will be able to multiply four-digit numbers by one-digit numbers and multiply two-digit numbers using strategies based on place 

value and properties of operations. (NBT) 
5. Students will be able to find whole-number quotients and remainders with up to four-digit dividends and one-digit divisors. (NBT) 
6. Students will be able to use the four operations with whole numbers to solve problems with an unknown variable. (OA) 
7. Students will be able to solve problems involving measurement and conversion of measurements from a larger unit to a smaller unit. (MD) 
8. Students will be able to draw and identify lines and angles, and classify shapes by properties of their lines and angles. (G) 
9. Students will be able to demonstrate understanding of decimal notation for fractions by comparing decimal fractions with denominators of 

10 or 100. (NF) 
10. Students will be able to add, subtract, and multiply unit fractions by applying and extending previous understandings of operations on 

whole numbers. (NF) 
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4th Grade Unit Concepts and Goals  
(1)  (Reference Standards OA.3, OA.5, NBT.4, MP.1-8) 

• Unit Concept – Addition/Subtraction 
• Unit Goal – Students will be able to use addition and subtraction fluency to solve multi-digit and multi-step word problems and number 

patterns through 1,000,000. 
(2)  (Reference Standards NBT.1-3, MP.1-8) 

• Unit Concept – Place Value  
• Unit Goal – Students will be able to apply place value understanding for multi-digit whole numbers through 1,000,000. 

(3)  (Reference Standards OA.1, OA.2, OA.3, OA.4, OA.5, NBT.5, NBT.6, MP.1-8) 
• Unit Concept – Multiplication and Division 
• Unit Goal – Students will be able to use multiplication and division fluency to solve multi-step, multi-digit problems and articulate them in 

various models.   
(4)  (Reference Standards MD.1, MD.2, MD.3, MD.4, MP.1-8) 

• Unit Concept – Measurement 
• Unit Goal – Students will be able to solve problems involving measurement, and conversion of measurement, and display measurements in 

fractions. 
(5)  (Reference Standards MD.5, MD.6, G.1, G.2, G.3, MP.1-8) 

• Unit Concept – Geometry 
• Unit Goal – Students will be able to measure, recognize, and classify properties of lines and angles with whole number degrees. 

(6)  (Reference Standards NF.1-2, NF.5-6) 
• Unit Concept – Fractions and Decimals 
• Unit Goal – Students will be able to demonstrate fraction/decimal equivalence and ordering using fraction models. 

(7)  (Reference Standards NF.3-4, NF.7) 
• Unit Concept – Operations with Fractions  
• Unit Goal – Students will be able to solve fraction problems involving addition and subtraction of mixed numbers and multiplication of 

fractions by a whole number. 
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Grade 5 Overview 

 
Operations and Algebraic Thinking (OA) 

• Write and interpret numerical expressions. 
• Analyze patterns and relationships. 

 
Number and Operations in Base Ten (NBT) 

• Understand the place value system. 
• Perform operations with multi-digit whole numbers and with 

decimals to hundredths. 
 
Number and Operations—Fractions (NF) 

• Use equivalent fractions as a strategy to add and subtract 
fractions. 

• Apply and extend previous understandings of multiplication and 
division to multiply and divide fractions. 

 
Measurement and Data (MD) 

• Convert like measurement units within a given measurement 
system. 

• Represent and interpret data. 
• Geometric measurement: understand concepts of volume and 

relate volume to multiplication and to addition. 
 
Geometry (G) 

• Graph points on the coordinate plane to solve real-world and 
mathematical problems. 

• Classify two-dimensional figures into categories based on their 
properties. 

Mathematical Practices (MP) 
33. Make sense of problems and persevere in solving them. 
34. Reason abstractly and quantitatively. 
35. Construct viable arguments and critique the reasoning of others. 
36. Model with mathematics. 
37. Use appropriate tools strategically. 
38. Attend to precision. 
39. Look for and make use of structure. 
40. Look for and express regularity in repeated reasoning. 
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In Grade 5, instructional time should focus on three critical areas: (1) developing fluency with addition and subtraction of fractions, and developing 
understanding of the multiplication of fractions and of division of fractions in limited cases (unit fractions divided by whole numbers and whole 
numbers divided by unit fractions); (2) extending division to 2-digit divisors, integrating decimal fractions into the place value system and developing 
understanding of operations with decimals to hundredths, and developing fluency with whole number and decimal operations; and (3) developing 
understanding of volume. 
 
(1) Students apply their understanding of fractions and fraction models to represent the addition and subtraction of fractions with unlike 
denominators as equivalent calculations with like denominators. They develop fluency in calculating sums and differences of fractions, and make 
reasonable estimates of them. Students also use the meaning of fractions, of multiplication and division, and the relationship between multiplication 
and division to understand and explain why the procedures for multiplying and dividing fractions make sense. (Note: this is limited to the case of 
dividing unit fractions by whole numbers and whole numbers by unit fractions.) 
 
(2) Students develop understanding of why division procedures work based on the meaning of base-ten numerals and properties of operations. 
They finalize fluency with multi-digit addition, subtraction, multiplication, and division.  They apply their understandings of models for decimals, 
decimal notation, and properties of operations to add and subtract decimals to hundredths. They develop fluency in these computations, and make 
reasonable estimates of their results. Students use the relationship between decimals and fractions, as well as the relationship between finite 
decimals and whole numbers (i.e., a finite decimal multiplied by an appropriate power of 10 is a whole number), to understand and explain why the 
procedures for multiplying and dividing finite decimals make sense. They compute products and quotients of decimals to hundredths efficiently and 
accurately. 
 
(3) Students recognize volume as an attribute of three-dimensional space. They understand that volume can be measured by finding the total 
number of same-size units of volume required to fill the space without gaps or overlaps. They understand that a 1-unit by 1-unit by 1-unit cube is the 
standard unit for measuring volume. They select appropriate units, strategies, and tools for solving problems that involve estimating and measuring 
volume. They decompose three-dimensional shapes and find volumes of right rectangular prisms by viewing them as decomposed into layers of 
arrays of cubes. They measure necessary attributes of shapes in order to determine volumes to solve real world and mathematical problems. 
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Operations and Algebraic Thinking (OA) 
Write and interpret numerical expressions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.OA.1. Use parentheses, brackets, or braces 
in numerical expressions, and evaluate 
expressions with these symbols. 
 
Connections: 5.OA.2 

5.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
5.MP.5, Use appropriate tools 
strategically. 
 
5.MP.8. Look for and express 
regularity in repeated 
reasoning. 

This standard builds on the expectations of third grade where students are 
expected to start learning the conventional order. Students need experiences 
with multiple expressions that use grouping symbols throughout the year to 
develop understanding of when and how to use parentheses, brackets, and 
braces. First, students use these symbols with whole numbers. Then the 
symbols can be used as students add, subtract, multiply and divide decimals 
and fractions.  
 

Examples: 
• (26 + 18)  4    Answer:  11 
• {[2 x (3+5)] – 9} + [5 x (23-18)]  Answer:  32 
• 12 – (0.4 x 2)    Answer:  11.2 
• (2 + 3) x (1.5 – 0.5)   Answer:  5 
• 1 16

2 3
 − +       

Answer:  5 1/6 

• { 80 ÷  [ 2 x (3 ½  + 1 ½ ) ] }+ 100  Answer:  108 
 

To further develop students’ understanding of grouping symbols and facility with 
operations, students place grouping symbols in equations to make the equations 
true or they compare expressions that are grouped differently. 
 

Examples: 
• 15 - 7 – 2 = 10    →   15 - (7 – 2) = 10   
• 3  x 125 ÷ 25 + 7 =  22  → [3  x (125 ÷ 25)] + 7 =  22  
• 24 ÷ 12 ÷ 6 ÷ 2 = 2 x 9 + 3 ÷ ½  →   24 ÷ [(12 ÷ 6) ÷ 2] = (2 x 9) +               

(3 ÷ ½) 
• Compare 3 x 2 + 5 and 3 x (2 + 5) 
• Compare 15 – 6 + 7 and 15 – (6 + 7) 

5.OA.2. Write simple expressions that record 
calculations with numbers, and interpret 
numerical expressions without evaluating them. 
For example, express the calculation “add 8 
and 7, then multiply by 2” as 2 × (8 + 7). 
Recognize that 3 × (18932 + 921) is three times 
as large as 18932 + 921, without having to 
calculate the indicated sum or product. 

5.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
5.MP.2. Reason abstractly and 
quantitatively. 
 
 
5.MP.7. Look for and make use 
of structure. 
 

Students use their understanding of operations and grouping symbols to write 
expressions and interpret the meaning of a numerical expression. 
 

Examples: 
• Students write an expression for calculations given in words such as 

“divide 144 by 12, and then subtract 7/8.” They write (144 ÷ 12) – 7/8. 
• Students recognize that 0.5 x (300 ÷ 15) is ½ of (300 ÷ 15) without 

calculating the quotient. 
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Operations and Algebraic Thinking (OA) 
Write and interpret numerical expressions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

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

 
 
Operations and Algebraic Thinking (OA) 
Analyze patterns and relationships. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.OA.3. Generate two numerical patterns using 
two given rules. Identify apparent relationships 
between corresponding terms. Form ordered 
pairs consisting of corresponding terms from 
the two patterns, and graph the ordered pairs 
on a coordinate plane. For example, given the 
rule “Add 3” and the starting number 0, and 
given the rule “Add 6” and the starting number 
0, generate terms in the resulting sequences, 
and observe that the terms in one sequence  
are twice the corresponding terms in the other 
sequence. Explain informally why this is so. 
 
Connections: 5.RI.3; 5.W.2a; 5.SL.1 

5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.7. Look for and make use 
of structure. 

Example: 
 
Use the rule “add 3” to write a sequence of numbers. Starting with a 0, students 
write 0, 3, 6, 9, 12, . . .  
 
Use the rule “add 6” to write a sequence of numbers. Starting with  0, students 
write 0, 6, 12, 18,  24, . . . 
 
After comparing these two sequences, the students notice that each term in the 
second sequence is twice the corresponding terms of the first sequence. One 
way they justify this is by describing the patterns of the terms. Their justification 
may include some mathematical notation (See example below). A student may 
explain that both sequences start with zero and to generate each term of the 
second sequence he/she added 6, which is twice as much as was added to 
produce the terms in the first sequence. Students may also use the distributive 
property to describe the relationship between the two numerical patterns by 
reasoning that 6 + 6 + 6 = 2 (3 + 3 + 3).  
 
 0,    +3 3,      +3 6,      +3 9,      +312, . . . 
 

0,     +6 6,      +6 12,     +618,   +6 24,  . . . 
 

Once students can describe that the second sequence of numbers is twice the 
corresponding terms of the first sequence, the terms can be written in ordered 
pairs and then graphed on a coordinate grid. They should recognize that each 
point on the graph represents two quantities in which the second quantity is 
twice the first quantity. 
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Operations and Algebraic Thinking (OA) 
Analyze patterns and relationships. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

Ordered pairs  

                                        
 
 

Number and Operations in Base Ten (NBT) 
Understand the place value system. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.NBT.1. Recognize that in a multi-digit number, 
a digit in one place represents 10 times as 
much as it represents in the place to its right 
and 1/10 of what it represents in the place to its 
left. 
 
Connections: 5.NBT.2; 5.RI.3; 5.W.2d 

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

In fourth grade, students examined the relationships of the digits in numbers for 
whole numbers only. This standard extends this understanding to the 
relationship of decimal fractions. Students use base ten blocks, pictures of base 
ten blocks, and interactive images of base ten blocks to manipulate and 
investigate the place value relationships. They use their understanding of unit 
fractions to compare decimal places and fractional language to describe those 
comparisons. 
 

Before considering the relationship of decimal fractions, students express their 
understanding that in multi-digit whole numbers, a digit in one place represents 
10 times what it represents in the place to its right and 1/10 of what it represents 
in the place to its left. 
 

A student thinks, “I know that in the number 5555, the 5 in the tens place (5555) 
represents 50 and the 5 in the hundreds place (5555) represents 500. So a 5 in 
the hundreds place is ten times as much as a 5 in the tens place or a 5 in the 
tens place is 1/10 of the value of a 5 in the hundreds place. 
 
To extend this understanding of place value to their work with decimals, students 
use a model of one unit; they cut it into 10 equal pieces, shade in, or describe 
1/10 of that model using fractional language (“This is 1 out of 10 equal parts. So 
it is 1/10”. I can write this using 1/10 or 0.1”). They repeat the process by finding 
1/10 of a 1/10 (e.g., dividing 1/10 into 10 equal parts to arrive at 1/100 or 0.01) 

(0, 0) 
(3, 6) 
(6, 12) 
(9, 18) 
(12, 24) 
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Number and Operations in Base Ten (NBT) 
Understand the place value system. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

and can explain their reasoning, “0.01 is 1/10 of 1/10 thus is 1/100 of the whole 
unit.” 
 

In the number 55.55, each digit is 5, but the value of the digits is different 
because of the placement. 
   

5 5 . 5 5 
 
 
The 5 that the arrow points to is 1/10 of the 5 to the left and 10 times the 5 to the 
right. The 5 in the ones place is 1/10 of 50 and 10 times five tenths. 
 

5 5 . 5 5 
 
 
The 5 that the arrow points to is 1/10 of the 5 to the left and 10 times the 5 to the 
right. The 5 in the tenths place is 10 times five hundredths. 
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Number and Operations in Base Ten (NBT) 
Understand the place value system. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.NBT.2. Explain patterns in the number of 
zeros of the product when multiplying a number 
by powers of 10, and explain patterns in the 
placement of the decimal point when a decimal 
is multiplied or divided by a power of 10. Use 
whole-number exponents to denote powers of 
10. 
 
Connections: 5.NBT.1; 5.RI.3; 5.W.2b 

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

Examples: 
 

Students might write: 
• 36 x 10 = 36 x 101 = 360 
• 36 x 10 x 10 = 36 x 102 = 3600 
• 36 x 10 x 10 x 10 = 36 x 103 = 36,000 
• 36 x 10 x 10 x 10 x 10 = 36 x 104 = 360,000 

 
Students might think and/or say: 

• I noticed that every time, I multiplied by 10 I added a zero to the end of 
the number. That makes sense because each digit’s value became 10 
times larger. To make a digit 10 times larger, I have to move it one place 
value to the left. 

• When I multiplied 36 by 10, the 30 became 300. The 6 became 60 or the 
36 became 360. So I had to add a zero at the end to have the 3 
represent 3 one-hundreds (instead of 3 tens) and the 6 represents 6 
tens (instead of 6 ones). 

 
Students should be able to use the same type of reasoning as above to explain 
why the following multiplication and division problem by powers of 10 make 
sense. 

• 000,52310523 3 =×  The place value of 523 is increased by 3 places. 

• 3.52210223.5 2 =×  The place value of 5.223 is increased by 2 places. 
• 23.5103.52 1 =÷  The place value of 52.3 is decreased by one place. 

 
 
 

5.NBT.3. Read, write, and compare decimals to 
thousandths. 
a. Read and write decimals to thousandths 

using base-ten numerals, number names, 
and expanded form, e.g., 347.392 =             
3 × 100 + 4 × 10 + 7 × 1 + 3 × (1/10) +           

5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.4. Model with 
mathematics. 
 

Students build on the understanding they developed in fourth grade to read, 
write, and compare decimals to thousandths. They connect their prior 
experiences with using decimal notation for fractions and addition of fractions 
with denominators of 10 and 100. They use concrete models and number lines 
to extend this understanding to decimals to the thousandths. Models may 
include base ten blocks, place value charts, grids, pictures, drawings, 
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Number and Operations in Base Ten (NBT) 
Understand the place value system. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

9 × (1/100) + 2 × (1/1000). 
b. Compare two decimals to thousandths 

based on meanings of the digits in each 
place, using >, =, and < symbols to record 
the results of comparisons. 

Connections: 5.RI.5; 5.SL.6 

5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.6. Attend to precision. 
 
5.MP.7. Look for and make use 
of structure. 

manipulatives, technology-based, etc. They read decimals using fractional 
language and write decimals in fractional form, as well as in expanded notation 
as show in the standard 3a. This investigation leads them to understanding 
equivalence of decimals (0.8 = 0.80 = 0.800). 
 
Example: 
Some equivalent forms of 0.72 are: 
72/100 
7/10 + 2/100 
7 x (1/10) + 2 x (1/100) 
0.70 + 0.02 
 

70/100 + 2/100 
0.720 
7 x (1/10) + 2 x (1/100) + 0 x (1/1000) 
720/1000 
 
 

Students need to understand the size of decimal numbers and relate them to 
common benchmarks such as 0, 0.5 (0.50 and 0.500), and 1. Comparing tenths 
to tenths, hundredths to hundredths, and thousandths to thousandths is 
simplified if students use their understanding of fractions to compare decimals. 
 
Example: 
Comparing 0.25 and 0.17, a student might think, “25 hundredths is more than 17 
hundredths”. They may also think that it is 8 hundredths more. They may write 
this comparison as 0.25 > 0.17 and recognize that 0.17 < 0.25 is another way to 
express this comparison. 
 
Comparing 0.207 to 0.26, a student might think, “Both numbers have 2 tenths, 
so I need to compare the hundredths. The second number has 6 hundredths 
and the first number has no hundredths so the second number must be larger.  
Another student might think while writing fractions, “I know that 0.207 is 207 
thousandths (and may write 207/1000). 0.26 is 26 hundredths (and may write 
26/100) but I can also think of it as 260 thousandths (260/1000). So, 260 
thousandths is more than 207 thousandths. 
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Number and Operations in Base Ten (NBT) 
Understand the place value system. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.NBT.4. Use place value understanding to 
round decimals to any place. 

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

When rounding a decimal to a given place, students may identify the two 
possible answers, and use their understanding of place value to compare the 
given number to the possible answers.  
 
Example: 
 
Round 14.235 to the nearest tenth.  

• Students recognize that the possible answer must be in tenths thus, it is 
either 14.2 or 14.3. They then identify that 14.235 is closer to 14.2 
(14.20) than to 14.3 (14.30). 
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Number and Operations in Base Ten (NBT) 
Perform operations with multi-digit whole numbers and with decimals to hundredths. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.NBT.5. Fluently multiply multi-digit whole 
numbers using the standard algorithm. 

5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.6. Attend to precision. 
 
5.MP.7. Look for and make use 
of structure. 
 
5.MP.8. Look for and express 
regularity in repeated 
reasoning. 

In prior grades, students used various strategies to multiply. Students can 
continue to use these different strategies as long as they are efficient, but must 
also understand and be able to use the standard algorithm. In applying the 
standard algorithm, students recognize the importance of place value.  
 
Example:  

• 123 x 34. When students apply the standard algorithm, they, decompose 
34 into 30 + 4. Then they multiply 123 by 4, the value of the number in 
the ones place, and then multiply 123 by 30, the value of the 3 in the 
tens place, and add the two products. 

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. 
 
Connections: ET05-S1C2-02 

5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
5.MP.4. Model with 
mathematics. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.7. Look for and make use 
of structure. 

In fourth grade, students’ experiences with division were limited to dividing by 
one-digit divisors. This standard extends students’ prior experiences with 
strategies, illustrations, and explanations. When the two-digit divisor is a 
“familiar” number, a student might decompose the dividend using place value. 
 
Example:  

• Using expanded notation ~ 2682 ÷ 25 = (2000 + 600 + 80 + 2) ÷ 25    
• Using his or her understanding of the relationship between 100 and 25, a 

student might think ~ 
o I know that 100 divided by 25 is 4 so 200 divided by 25 is 8 and 2000 

divided by 25 is 80.  
o 600 divided by 25 has to be 24. 
o Since 3 x 25 is 75, I know that 80 divided by 25 is 3 with a reminder of 

5. (Note that a student might divide into 82 and not 80)  
o I can’t divide 2 by 25 so 2 plus the 5 leaves a remainder of 7. 
o 80 + 24 + 3 = 107. So, the answer is 107 with a remainder of 7. 

 
Using an equation that relates division to multiplication, 25 x n = 2682, a student 
might estimate the answer to be slightly larger than 100 because s/he 
recognizes that 25 x 100 = 2500. 
 
Example: 968 ÷ 21 
 

• Using base ten models, a student can represent 962 and use the models 
to make an array with one dimension of 21. The student continues to 
make the array until no more groups of 21 can be made. Remainders 
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Number and Operations in Base Ten (NBT) 
Perform operations with multi-digit whole numbers and with decimals to hundredths. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

are not part of the array. 
 

              
 
Example:  9984 ÷ 64 

• An area model for division is shown below. As the student uses the area 
model, s/he keeps track of how much of the 9984 is left to divide.  

 

                
 

5.NBT.7. Add, subtract, multiply, and divide 
decimals to hundredths, using concrete models 
or drawings and strategies based on place 
value, properties of operations, and/or the 
relationship between addition and subtraction; 
relate the strategy to a written method and 
explain the reasoning used. 
 

5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
5.MP.4. Model with 

This standard requires students to extend the models and strategies they 
developed for whole numbers in grades 1-4 to decimal values. Before students 
are asked to give exact answers, they should estimate answers based on their 
understanding of operations and the value of the numbers. 
 

Examples: 
• 3.6 + 1.7 

o A student might estimate the sum to be larger than 5 because 3.6 is 
more than 3 ½ and 1.7 is more than 1 ½. 
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Number and Operations in Base Ten (NBT) 
Perform operations with multi-digit whole numbers and with decimals to hundredths. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
Connections: 5.RI.3; 5.W.2b; 5.W.2c; 5.SL.2; 
5.SL.3; ET05-S1C2-02 

mathematics. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.7. Look for and make use 
of structure. 

• 5.4 – 0.8 
o A student might estimate the answer to be a little more than 4.4 

because a number less than 1 is being subtracted. 
• 6 x 2.4 

o A student might estimate an answer between 12 and 18 since 6 x 2 is 
12 and 6 x 3 is 18. Another student might give an estimate of a little 
less than 15 because s/he figures the answer to be very close, but 
smaller than 6 x 2 ½ and think of 2 ½ groups of 6 as 12 (2 groups of 
6) + 3 (½ of a group of 6). 

 

Students should be able to express that when they add decimals they add tenths 
to tenths and hundredths to hundredths. So, when they are adding in a vertical 
format (numbers beneath each other), it is important that they write numbers 
with the same place value beneath each other.  This understanding can be 
reinforced by connecting addition of decimals to their understanding of addition 
of fractions. Adding fractions with denominators of 10 and 100 is a standard in 
fourth grade. 
 

Example: 4 - 0.3  
• 3 tenths subtracted from 4 wholes. The wholes must be divided into 

tenths. 
 
 
The answer is 3 and 7/10 or 3.7. 
 
Example: An area model can be useful for illustrating products.  
 

 
 
Students should be able to describe the partial products displayed by the area 
model. For example, 

“3/10 times 4/10 is 12/100. 
3/10 times 2 is 6/10 or 60/100. 
1 group of 4/10 is 4/10 or 40/100. 
1 group of 2 is 2.” 
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Number and Operations in Base Ten (NBT) 
Perform operations with multi-digit whole numbers and with decimals to hundredths. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

Example of division: finding the number in each group or share 
• Students should be encouraged to apply a fair sharing model separating 

decimal values into equal parts such as 2.4 ÷ 4 = 0.6  
 

 
 
Example of division: find the number of groups 

• Joe has 1.6 meters of rope. He has to cut pieces of rope that are 0.2 
meters long. How many can he cut? 

 
• To divide to find the number of groups, a student might 

o draw a segment to represent 1.6 meters. In doing so, s/he would 
count in tenths to identify the 6 tenths, and be able identify the 
number of 2 tenths within the 6 tenths. The student can then extend 
the idea of counting by tenths to divide the one meter into tenths 
and determine that there are 5 more groups of 2 tenths. 

 
 

              
 

o count groups of 2 tenths without the use of models or diagrams. 
Knowing that 1 can be thought of as 10/10, a student might think of 
1.6 as 16 tenths. Counting 2 tenths, 4 tenths, 6 tenths, . . .16 tenths, 
a student can count 8 groups of 2 tenths.  

o Use their understanding of multiplication and think, “8 groups of 2 is 
16, so 8 groups of 2/10 is 16/10 or 1 6/10.” 

 
Technology Connections: Create models using Interactive Whiteboard software 
(such as SMART Notebook) 
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Number and Operations—Fractions (NF) 
Use equivalent fractions as a strategy to add and subtract fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.NF.1. Add and subtract fractions with unlike 
denominators (including mixed numbers) by 
replacing given fractions with equivalent 
fractions in such a way as to produce an 
equivalent sum or difference of fractions with 
like denominators. For example, 2/3 + 5/4 = 
8/12 + 15/12 = 23/12. (In general, a/b + c/d = 
(ad + bc)/bd.) 
 

Connection:  5.NF.2  
 

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

Students should apply their understanding of equivalent fractions developed in 
fourth grade and their ability to rewrite fractions in an equivalent form to find 
common denominators. They should know that multiplying the denominators will 
always give a common denominator but may not result in the smallest 
denominator.  
 

Examples: 

• 
40
51

40
35

40
16

8
7

5
2

=+=+  

• 
12
13

12
2

12
33

6
1

4
13 =−=−  

5.NF.2. Solve word problems involving addition 
and subtraction of fractions referring to the 
same whole, including cases of unlike  
denominators, e.g., by using visual fraction  
models or equations to represent the problem. 
Use benchmark fractions and number sense of 
fractions to estimate mentally and assess the 
reasonableness of answers. For example, 
recognize an incorrect result 2/5 + 1/2 = 3/7, by 
observing that 3/7 < 1/2. 
 
Connections: 5.NF.1; 5.RI.7; 5.W.2c; 5.SL.2; 
5.SL.3; ET05-S1C2-02 

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

5.MP.2. Reason abstractly and 
quantitatively. 
 

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

5.MP.4. Model with 
mathematics. 
 

5.MP.5. Use appropriate tools 
strategically. 
 

5.MP.6. Attend to precision. 
 

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

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

Examples: 
Jerry was making two different types of cookies. One recipe needed ¾ cup of 
sugar and the other needed  cup of sugar. How much sugar did he need to 
make both recipes?  

• Mental estimation: 
o A student may say that Jerry needs more than 1 cup of sugar but 

less than 2 cups. An explanation may compare both fractions to ½ 
and state that both are larger than ½ so the total must be more than 
1. In addition, both fractions are slightly less than 1 so the sum 
cannot be more than 2. 

• Area model 
 

         
 

3 9
4 12

=                   2 8
3 12

=               3 2 17 12 5 51
4 3 12 12 12 12

+ = = + =  
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Number and Operations in Base Ten (NBT) 
Perform operations with multi-digit whole numbers and with decimals to hundredths. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• Linear model 

 
Solution: 

 
 

Example: Using a bar diagram 
• Sonia had 2 1/3 candy bars. She promised her brother that she would 

give him ½ of a candy bar. How much will she have left after she gives 
her brother the amount she promised? 

• If Mary ran 3 miles every week for 4 weeks, she would reach her goal for 
the month. The first day of the first week she ran 1 ¾ miles. How many 
miles does she still need to run the first week? 
o Using addition to find the answer:1 ¾ + n = 3 
o A student might add 1 ¼ to 1 ¾ to get to 3 miles. Then he or she 

would add 1/6 more. Thus 1 ¼ miles + 1/6 of a mile is what Mary 
needs to run during that week. 

 
Example: Using an area model to subtract 

• This model shows 1 ¾ subtracted from 3 1/6 leaving 1 + ¼ + 1/6 which a 
student can then change to 1 + 3/12 + 2/12 =  1 5/12. 

               

3  and 1 ¾ can be expressed with a denominator of 12. Once this is       

done a student can complete the problem, 2 14/12 – 1 9/12 = 1 5/12. 
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Number and Operations in Base Ten (NBT) 
Perform operations with multi-digit whole numbers and with decimals to hundredths. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• This diagram models a way to show how 3  and 1 ¾ can be        

expressed with a denominator of 12. Once this is accomplished, a 
student can complete the problem, 2 14/12 – 1 9/12 = 1 5/12. 

 

               
Estimation skills include identifying when estimation is appropriate, determining 
the level of accuracy needed, selecting the appropriate method of estimation, 
and verifying solutions or determining the reasonableness of situations using 
various estimation strategies. Estimation strategies for calculations with fractions 
extend from students’ work with whole number operations and can be supported 
through the use of physical models.  
 
Example: 

• Elli drank  quart of milk and Javier drank  of a quart less than Ellie.  

How much milk did they drink all together? 

Solution: 
•   This is how much milk Javier drank 

•    Together they drank  quarts of milk 

This solution is reasonable because Ellie drank more than ½ quart and Javier 
drank ½ quart so together they drank slightly more than one quart. 
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Number and Operations—Fractions (NF) 
Apply and extend previous understandings of multiplication and division to multiply and divide fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.NF.3. Interpret a fraction as division of the 
numerator by the denominator (a/b = a ÷ b). 
Solve word problems involving division of whole 
numbers leading to answers in the form of 
fractions or mixed numbers, e.g., by using 
visual fraction models or equations to represent 
the problem. For example, interpret 3/4 as the 
result of dividing 3 by 4, noting that 3/4 
multiplied by 4 equals 3, and that when 3 
wholes are shared equally among 4 people 
each person has a share of size 3/4. If 9 people 
want to share a 50-pound sack of rice equally 
by weight, how many pounds of rice should 
each person get? Between what two whole 
numbers does your answer lie? 
 
Connection: 5.SL.1 

5.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
5.MP.4. Model with 
mathematics. 
 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.7. Look for and make use 
of structure. 

Students are expected to demonstrate their understanding using concrete 
materials, drawing models, and explaining their thinking when working with 
fractions in multiple contexts. They read 3/5 as “three fifths” and after many 
experiences with sharing problems, learn that 3/5 can also be interpreted as “3 
divided by 5.” 
 
Examples: 

• Ten team members are sharing 3 boxes of cookies. How much of a box 
will each student get?  
o When working this problem a student should recognize that the 3 

boxes are being divided into 10 groups, so s/he is seeing the 
solution to the following equation, 10 x n = 3 (10 groups of some 
amount is 3 boxes) which can also be written as n = 3 ÷ 10. Using 
models or diagram, they divide each box into 10 groups, resulting 
in each team member getting 3/10 of a box.  

• Two afterschool clubs are having pizza parties. For the Math Club, the 
teacher will order 3 pizzas for every 5 students. For the student council, 
the teacher will order 5 pizzas for every 8 students. Since you are in 
both groups, you need to decide which party to attend.  How much pizza 
would you get at each party?  If you want to have the most pizza, which 
party should you attend? 

• The six fifth grade classrooms have a total of 27 boxes of pencils. How 
many boxes will each classroom receive?  

 
Students may recognize this as a whole number division problem but should 
also express this equal sharing problem as . They explain that each 
classroom gets  boxes of pencils and can further determine that each 
classroom get 4 or 4  boxes of pencils. 
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Number and Operations—Fractions (NF) 
Apply and extend previous understandings of multiplication and division to multiply and divide fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.NF.4. Apply and extend previous 
understandings of multiplication to multiply a 
fraction or whole number by a fraction. 
a. Interpret the product (a/b) × q as a parts of a 

partition of q into b equal parts; 
equivalently, as the result of a sequence of 
operations a × q ÷ b. For example, use a 
visual fraction model to show 
(2/3) × 4 = 8/3, and create a story context 
for this equation. Do the same with (2/3) × 
(4/5) = 8/15. (In general, (a/b) × (c/d) = 
ac/bd.) 

b. Find the area of a rectangle with fractional 
side lengths by tiling it with unit squares of 
the appropriate unit fraction side lengths, 
and show that the area is the same as 
would be found by multiplying the side 
lengths. Multiply fractional side lengths to 
find areas of rectangles, and represent 
fraction products as rectangular areas. 

 
Connections:5.RI.3; 5.W.2b; 5.W.2d; 5.SL.1; 
ET05-S1C4-01; ET05-S1C4-02; ET05-S2C1-01 

5.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
5.MP.4. Model with 
mathematics. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.6. Attend to precision. 
 
5.MP.7. Look for and make use 
of structure. 
 
5.MP.8. Look for and express 
regularity in repeated 
reasoning. 
 

Students are expected to multiply fractions including proper fractions, improper 
fractions, and mixed numbers. They multiply fractions efficiently and accurately 
as well as solve problems in both contextual and non-contextual situations. 
 
As they multiply fractions such as 3/5 x 6, they can think of the operation in 
more than one way. 

o 3 x (6 ÷ 5) or (3 x 6/5) 
o (3 x 6) ÷ 5 or 18 ÷ 5 (18/5) 

 

Students create a story problem for 3/5 x 6 such as,  
• Isabel had 6 feet of wrapping paper. She used 3/5 of the paper to wrap 

some presents. How much does she have left? 
• Every day Tim ran 3/5 of mile. How far did he run after 6 days? 

(Interpreting this as 6 x 3/5) 
 

Examples: Building on previous understandings of multiplication 
 

• Rectangle with dimensions of 2 and 3 showing that 2 x 3 = 6. 
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Number and Operations—Fractions (NF) 
Apply and extend previous understandings of multiplication and division to multiply and divide fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
  • Rectangle with dimensions of 2 and  showing that 2 x  2/3 = 4/3 

            
 
 
 

•  groups of : 
 

               
 

• In solving the problem  x , students use an area model to visualize it as 
a 2 by 4 array of small rectangles each of which has side lengths 1/3 
and 1/5. They reason that 1/3 x 1/5 = 1/(3 x 5) by counting squares in 
the entire rectangle, so the area of the shaded area is (2 x 4) x 1/(3 x 5) 
=  . They can explain that the product is less than because they 

are finding  of . They can further estimate that the answer must be 

between  and  because  of  is more than of  and less than one 

group of . 
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Number and Operations—Fractions (NF) 
Apply and extend previous understandings of multiplication and division to multiply and divide fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
  

             

 
• Larry knows that x  is . To prove this he makes the following 

array. 
 

            
 
 
Technology Connections: 

• Create story problems for peers to solve using digital tools. 
• Use a tool such as Jing to digitally communicate story problems. 

The area model and the line segments 
show that the area is the same quantity 
as the product of the side lengths. 
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Number and Operations—Fractions (NF) 
Apply and extend previous understandings of multiplication and division to multiply and divide fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.NF.5. Interpret multiplication as scaling 
(resizing), by: 
a. Comparing the size of a product to the size 

of one factor on the basis of the size of the 
other factor, without performing the 
indicated multiplication. 

b. Explaining why multiplying a given number 
by a fraction greater than 1 results in a 
product greater than the given number 
(recognizing multiplication by whole 
numbers greater than 1 as a familiar case); 
explaining why multiplying a given number 
by a fraction less than 1 results in a 
product smaller than the given number; 
and relating the principle of fraction 
equivalence a/b = (n×a)/(n×b) to the effect 
of multiplying a/b by 1. 

 
Connections: 5.RI.3; 5.RI.5; 5.W.2a; 5.W.2b; 
5.W.2c; 5.W.2d; 5.W.2e; 5.SL.2; 5.SL.3  

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

Examples: 
 

•  is less than 7 because 7 is multiplied by a factor less than 1 so the 

product must be less than 7.  
 
 
 
 
 
 
 
 
 
 
 
 

•  x 8 must be more than 8 because 2 groups of 8 is 16 and  is almost 

3 groups of 8. So the answer must be close to, but less than 24. 

• 3        5 X 3  because multiplying  3  by  5  is the same as  
4        5 X 4                                    4        5 

multiplying by 1. 

 

7 

¾ of 7 

= 
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Number and Operations—Fractions (NF) 
Apply and extend previous understandings of multiplication and division to multiply and divide fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.NF.6. Solve real world problems involving 
multiplication of fractions and mixed numbers, 
e.g., by using visual fraction models or 
equations to represent the problem. 
 
Connections: 5.RI.7; 5.W.2e; ET05-S1C1-01; 
ET05-S1C2-02 

5.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
5.MP.4. Model with 
mathematics. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.6. Attend to precision. 
 
5.MP.7. Look for and make use 
of structure. 
 
5.MP.8. Look for and express 
regularity in repeated 
reasoning. 
 

Examples: 
• Evan bought 6 roses for his mother.   of them were red. How many red 

roses were there? 
 

• Using a visual, a student divides the 6 roses into 3 groups and counts 
how many are in 2 of the 3 groups. 

 

 
 

• A student can use an equation to solve. 
 red roses 

 
• Mary and Joe determined that the dimensions of their school flag needed 

to be   ft. by 2  ft. What will be the area of the school flag? 

• A student can draw an array to find this product and can also use his or 
her understanding of decomposing numbers to explain the 
multiplication. Thinking ahead a student may decide to multiply by  

instead of 2 .   
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Number and Operations—Fractions (NF) 
Apply and extend previous understandings of multiplication and division to multiply and divide fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
  The explanation may include the following: 

• First, I am going to multiply 2  by 1 and then by . 

• When I multiply 2  by 1, it equals 2 . 

• Now I have to multiply 2  by . 

• times 2 is . 

•  times  is  . 

• So the answer is 2  +  +  or   +   +   = 2   = 3  
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Number and Operations—Fractions (NF) 
Apply and extend previous understandings of multiplication and division to multiply and divide fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.NF.7. Apply and extend previous 
understandings of division to divide unit 
fractions by whole numbers and whole numbers 
by unit fractions. (Students able to multiply 
fractions in general can develop strategies to 
divide fractions in general, by reasoning about 
the relationship between multiplication and 
division. But division of a fraction by a fraction is 
not a requirement at this grade.) 
a. Interpret division of a unit fraction by a non-

zero whole number, and compute such 
quotients. For example, create a story 
context for (1/3) ÷ 4, and use a visual 
fraction model to show the quotient. Use 
the relationship between multiplication and 
division to explain that (1/3) ÷ 4 = 1/12 
because (1/12) × 4 = 1/3. 

b. Interpret division of a whole number by a 
unit fraction, and compute such quotients. 
For example, create a story context for 
4 ÷ (1/5), and use a visual fraction model 
to show the quotient. Use the relationship 
between multiplication and division to 
explain that 4÷(1/5) = 20 because 20 × 
(1/5) = 4. 

5.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
5.MP.4. Model with 
mathematics. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.6. Attend to precision. 
 
5.MP.7. Look for and make use 
of structure. 
 
5.MP.8. Look for and express 
regularity in repeated 
reasoning. 
 

In fifth grade, students experience division problems with whole number divisors 
and unit fraction dividends (fractions with a numerator of 1) or with unit fraction 
divisors and whole number dividends. Students extend their understanding of 
the meaning of fractions, how many unit fractions are in a whole, and their 
understanding of multiplication and division as involving equal groups or shares 
and the number of objects in each group/share. In sixth grade, they will use this 
foundational understanding to divide into and by more complex fractions and 
develop abstract methods of dividing by fractions. 
 
Division Example: Knowing the number of groups/shares and finding how 
many/much in each group/share 

• Four students sitting at a table were given 1/3 of a pan of brownies to 
share. How much of a pan will each student get if they share the pan of 
brownies equally?  

o The diagram shows the 1/3 pan divided into 4 equal shares with 
each share equaling 1/12 of the pan.  
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Number and Operations—Fractions (NF) 
Apply and extend previous understandings of multiplication and division to multiply and divide fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
c. Solve real world problems involving division 

of unit fractions by non-zero whole 
numbers and division of whole numbers by 
unit fractions, e.g., by using visual fraction 
models and equations to represent the 
problem. For example, how much 
chocolate will each person get if 3 people 
share 1/2 lb of chocolate equally? How 
many 1/3-cup servings are in 2 cups of 
raisins?  

 
Connections: 5.RI.3; 5.RI.7; 5.W.2a; 5.W.2c; 
5.SL.6; ET05-S1C1-01; ET05-S1C4-01 

 Examples:  
 
Knowing how many in each group/share and finding how many groups/shares 

• Angelo has 4 lbs of peanuts. He wants to give each of his friends 1/5 lb.  
How many friends can receive 1/5 lb of peanuts? 

 

A diagram for 4 ÷ 1/5 is shown below. Students explain that since there are five 
fifths in one whole, there must be 20 fifths in 4 lbs. 

  
 1 lb. of peanuts 

                
 
 
 
 

 
• How much rice will each person get if 3 people share 1/2 lb of rice 

equally? 
 

  
 

o A student may think or draw ½ and cut it into 3 equal groups then 
determine that each of those part is 1/6. 

o A student may think of ½ as equivalent to 3/6. 3/6 divided by 3 is 
1/6. 
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Measurement and Data (MD) 
Convert like measurement units within a given measurement system. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.MD.1. Convert among different-sized 
standard measurement units within a given 
measurement system (e.g., convert 5 cm to 
0.05 m), and use these conversions in solving 
multi-step, real world problems. 
 
Connection: 5.NBT.7 

5.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.6. Attend to precision. 

In fifth grade, students build on their prior knowledge of related measurement 
units to determine equivalent measurements. Prior to making actual 
conversions, they examine the units to be converted, determine if the converted 
amount will be more or less units than the original unit, and explain their 
reasoning. They use several strategies to convert measurements. When 
converting metric measurement, students apply their understanding of place 
value and decimals. 

 
Measurement and Data (MD) 
Represent and interpret data. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.MD.2. Make a line plot to display a data set of 
measurements in fractions of a unit (1/2, 1/4, 
1/8). Use operations on fractions for this grade 
to solve problems involving information 
presented in line plots. For example, given 
different measurements of liquid in identical 
beakers, find the amount of liquid each beaker 
would contain if the total amount in all the 
beakers were redistributed equally. 
 
Connections:5.RI.7; 5.W.2d; ET05-S1C2-02 

5.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.4. Model with 
mathematics. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.6. Attend to precision. 
 
5.MP.7. Look for and make use 
of structure. 

Ten beakers, measured in liters, are filled with a liquid. 
 

 
 
The line plot above shows the amount of liquid in liters in 10 beakers. If the liquid 
is redistributed equally, how much liquid would each beaker have? (This amount 
is the mean.) 
 
Students apply their understanding of operations with fractions. They use either 
addition and/or multiplication to determine the total number of liters in the 
beakers. Then the sum of the liters is shared evenly among the ten beakers. 
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Measurement and Data (MD) 
Geometric measurement: understand concepts of volume and relate volume to multiplication and to addition. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.MD.3. Recognize volume as an attribute of 
solid figures and understand concepts of 
volume measurement. 
a. A cube with side length 1 unit, called a “unit 

cube,” is said to have “one cubic unit” of 
volume, and can be used to measure 
volume. 

b. A solid figure which can be packed without 
gaps or overlaps using n unit cubes is said 
to have a volume of n cubic units. 

 
Connections: 5.NBT.2; 5.RI.4; 5.W.2d; 5.SL.1c; 
5.SL.1d 

5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.4. Model with 
mathematics. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.6. Attend to precision. 
 
5.MP.7. Look for and make use 
of structure. 

Students’ prior experiences with volume were restricted to liquid volume. As 
students develop their understanding volume they understand that a 1-unit by 1-
unit by 1-unit cube is the standard unit for measuring volume. This cube has a 
length of 1 unit, a width of 1 unit and a height of 1 unit and is called a cubic unit. 
This cubic unit is written with an exponent of 3 (e.g., in3, m3). Students connect 
this notation to their understanding of powers of 10 in our place value system. 
Models of cubic inches, centimeters, cubic feet, etc are helpful in developing an 
image of a cubic unit. Students estimate how many cubic yards would be 
needed to fill the classroom or how many cubic centimeters would be needed to 
fill a pencil box. 

5.MD.4. Measure volumes by counting unit 
cubes, using cubic cm, cubic in, cubic ft, and 
improvised units. 
 
Connections: 5.MD.3; 5.RI.3; ET05-S1C2-02 

5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.4. Model with 
mathematics. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.6. Attend to precision. 
 

Students understand that same sized cubic units are used to measure volume. 
They select appropriate units to measure volume. For example, they make a 
distinction between which units are more appropriate for measuring the volume 
of a gym and the volume of a box of books. They can also improvise a cubic unit 
using any unit as a length (e.g., the length of their pencil). Students can apply 
these ideas by filling containers with cubic units (wooden cubes) to find the 
volume. They may also use drawings or interactive computer software to 
simulate the same filling process. 
 
Technology Connections: 
http://illuminations.nctm.org/ActivityDetail.aspx?ID=6 

5.MD.5. Relate volume to the operations of 
multiplication and addition and solve real world 
and mathematical problems involving volume. 
a. Find the volume of a right rectangular prism 

with whole-number side lengths by packing 
it with unit cubes, and show that the volume 
is the same as would be found by 
multiplying the edge lengths, equivalently 
by multiplying the height by the area of the 
base. Represent threefold whole-number 
products as volumes, e.g., to represent the 
associative property of multiplication. 

5.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
5.MP.4. Model with 

Students need multiple opportunities to measure volume by filling rectangular 
prisms with cubes and looking at the relationship between the total volume and 
the area of the base. They derive the volume formula (volume equals the area of 
the base times the height) and explore how this idea would apply to other 
prisms. Students use the associative property of multiplication and 
decomposition of numbers using factors to investigate rectangular prisms with a 
given number of cubic units. 
 
Examples: 

• When given 24 cubes, students make as many rectangular prisms as 
possible with a volume of 24 cubic units. Students build the prisms and 
record possible dimensions. 

 

http://illuminations.nctm.org/ActivityDetail.aspx?ID=6
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Measurement and Data (MD) 
Geometric measurement: understand concepts of volume and relate volume to multiplication and to addition. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
b. Apply the formulas V = l × w × h and V = b × 

h for rectangular prisms to find volumes of 
right rectangular prisms with whole-number 
edge lengths in the context of solving real 
world and mathematical problems.  

c. Recognize volume as additive. Find volumes 
of solid figures composed of two non-
overlapping right rectangular prisms by 
adding the volumes of the non-overlapping 
parts, applying this technique to solve real 
world problems. 
 

Connections: 5.RI.3; 5.W.2c; 5.W.2d; 5.SL.2; 
5.SL.3 

mathematics. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.6. Attend to precision. 
 
5.MP.7. Look for and make use 
of structure. 
 
5.MP.8. Look for and express 
regularity in repeated 
reasoning. 
 

Length Width Height  
1 2 12 
2 2 6 
4 2 3 
8 3 1 

 

• Students determine the volume of concrete needed to build the steps in 
the diagram below. 

 

               
 

• A homeowner is building a swimming pool and needs to calculate the 
volume of water needed to fill the pool. The design of the pool is shown 
in the illustration below. 
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Geometry (G) 
Graph points on the coordinate plane to solve real-world and mathematical problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.G.1. Use a pair of perpendicular number lines, 
called axes, to define a coordinate system, with 
the intersection of the lines (the origin) arranged 
to coincide with the 0 on each line and a given 
point in the plane located by using an ordered 
pair of numbers, called its coordinates. 
Understand that the first number indicates how 
far to travel from the origin in the direction of 
one axis, and the second number indicates how 
far to travel in the direction of the second axis, 
with the convention that the names of the two 
axes and the coordinates correspond (e.g., x-
axis and x-coordinate, y-axis and y-coordinate). 
 
Connections: 5.RI.4; 5.W.2d; 5.SL.6 

5.MP.4. Model with 
mathematics. 
 
5.MP.6. Attend to precision. 
 
5.MP.7. Look for and make use 
of structure. 

Examples: 
• Students can use a classroom size coordinate system to physically 

locate the coordinate point (5, 3) by starting at the origin point (0,0), 
walking 5 units along the x axis to find the first number in the pair (5), 
and then walking up 3 units for the second number in the pair (3). The 
ordered pair names a point in the plane. 
 

       
 

• Graph and label the points below in a coordinate system. 
o A  (0, 0) 
o B  (5, 1) 
o C  (0, 6) 
o D  (2.5, 6) 
o E  (6, 2) 
o F  (4, 1) 
o G  (3, 0) 
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Geometry (G) 
Graph points on the coordinate plane to solve real-world and mathematical problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.G.2. Represent real world and mathematical 
problems by graphing points in the first 
quadrant of the coordinate plane, and interpret 
coordinate values of points in the context of the 
situation.  
 
Connections: ET05-S1C2-01; ET05-S1C2-02; 
ET05-S1C2-03; ET05-S1C3-01; SC05-S5C2 

5.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.4. Model with 
mathematics. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.6. Attend to precision. 
 
5.MP.7. Look for and make use 
of structure. 

Examples: 
• Sara has saved $20. She earns $8 for each hour she works. 

o If Sara saves all of her money, how much will she have after 
working 3 hours? 5 hours? 10 hours?  

o Create a graph that shows the relationship between the hours 
Sara worked and the amount of money she has saved. 

o What other information do you know from analyzing the graph? 
 

• Use the graph below to determine how much money Jack makes after 
working exactly 9 hours. 
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Geometry (G) 
Classify two-dimensional figures into categories based on their properties. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.G.3. Understand that attributes belonging to a 
category of two-dimensional figures also belong 
to all subcategories of that category. For 
example, all rectangles have four right angles 
and squares are rectangles, so all squares have 
four right angles. 
 
Connections: 5.RI.3; 5.RI.4; 5.RI.5; 5.W.2b; 
5.W.2c; 5.W.2d; 5.SL.1; ET05-S1C2-02 

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

Geometric properties include properties of sides (parallel, perpendicular, 
congruent), properties of angles (type, measurement, congruent), and properties 
of symmetry (point and line). 
 
Example:  

• If the opposite sides on a parallelogram are parallel and congruent, then 
 rectangles are parallelograms 

 
A sample of questions that might be posed to students include: 

• A parallelogram has 4 sides with both sets of opposite sides parallel. 
What types of quadrilaterals are parallelograms? 

• Regular polygons have all of their sides and angles congruent. Name or 
draw some regular polygons.  

• All rectangles have 4 right angles. Squares have 4 right angles so they 
are also rectangles. True or False? 

• A trapezoid has 2 sides parallel so it must be a parallelogram. True or 
False? 
 

Technology Connections: 
http://illuminations.nctm.org/ActivityDetail.aspx?ID=70 

http://illuminations.nctm.org/ActivityDetail.aspx?ID=70
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Geometry (G) 
Classify two-dimensional figures into categories based on their properties. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
5.G.4. Classify two-dimensional figures in a 
hierarchy based on properties. 
 
Connections: 5.RI.5; 5.W.2c; 5.W.2d; 5.SL.1; 
5.SL.2; 5.SL.3; 5.SL.6  

5.MP.2. Reason abstractly and 
quantitatively. 
 
5.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
5.MP.5. Use appropriate tools 
strategically. 
 
5.MP.6. Attend to precision. 
 
5.MP.7. Look for and make use 
of structure. 

Properties of figure may include:  
• Properties of sides—parallel, perpendicular, congruent, number of sides 
• Properties of angles—types of angles, congruent 

 

Examples: 
• A right triangle can be both scalene and isosceles, but not equilateral. 
• A scalene triangle can be right, acute and obtuse. 

 
Triangles can be classified by:  

• Angles 
o Right: The triangle has one angle that measures 90º. 
o Acute: The triangle has exactly three angles that measure 

between 0º and 90º. 
o Obtuse: The triangle has exactly one angle that measures 

greater than 90º and less than 180º. 
 

• Sides 
o Equilateral: All sides of the triangle are the same length. 
o Isosceles: At least two sides of the triangle are the same length. 
o Scalene: No sides of the triangle are the same length. 

 

 
 
 



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 166 

 
Standards for Mathematical Practice 
Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

  Students solve problems by applying their understanding of operations with whole numbers, 
decimals, and fractions including mixed numbers. They solve problems related to volume and 
measurement conversions. Students seek the meaning of a problem and look for efficient ways 
to represent and solve it. They may check their thinking by asking themselves, “What is the most 
efficient way to solve the problem?”, “Does this make sense?”, and “Can I solve the problem in a 
different way?”. 

5.MP.2. Reason abstractly 
and quantitatively. 
 

 Fifth graders should recognize that a number represents a specific quantity. They connect 
quantities to written symbols and create a logical representation of the problem at hand, 
considering both the appropriate units involved and the meaning of quantities. They extend this 
understanding from whole numbers to their work with fractions and decimals. Students write 
simple expressions that record calculations with numbers and represent or round numbers using 
place value concepts. 

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

 In fifth grade, students may construct arguments using concrete referents, such as objects, 
pictures, and drawings. They explain calculations based upon models and properties of 
operations and rules that generate patterns. They demonstrate and explain the relationship 
between volume and multiplication. They refine their mathematical communication skills as they 
participate in mathematical discussions involving questions like “How did you get that?” and 
“Why is that true?” They explain their thinking to others and respond to others’ thinking. 

5.MP.4. Model with 
mathematics. 
 

 Students experiment with representing problem situations in multiple ways including numbers, 
words (mathematical language), drawing pictures, using objects, making a chart, list, or graph, 
creating equations, etc. Students need opportunities to connect the different representations and 
explain the connections. They should be able to use all of these representations as needed. Fifth 
graders should evaluate their results in the context of the situation and whether the results make 
sense. They also evaluate the utility of models to determine which models are most useful and 
efficient to solve problems. 

5.MP.5. Use appropriate 
tools strategically. 

 Fifth graders consider the available tools (including estimation) when solving a mathematical 
problem and decide when certain tools might be helpful. For instance, they may use unit cubes 
to fill a rectangular prism and then use a ruler to measure the dimensions. They use graph paper 
to accurately create graphs and solve problems or make predictions from real world data. 
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Standards for Mathematical Practice 
Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

5.MP.6. Attend to 
precision. 

 Students continue to refine their mathematical communication skills by using clear and precise 
language in their discussions with others and in their own reasoning. Students use appropriate 
terminology when referring to expressions, fractions, geometric figures, and coordinate grids. 
They are careful about specifying units of measure and state the meaning of the symbols they 
choose. For instance, when figuring out the volume of a rectangular prism they record their 
answers in cubic units. 

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

 In fifth grade, students look closely to discover a pattern or structure. For instance, students use 
properties of operations as strategies to add, subtract, multiply and divide with whole numbers, 
fractions, and decimals. They examine numerical patterns and relate them to a rule or a 
graphical representation.  

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

 Fifth graders use repeated reasoning to understand algorithms and make generalizations about 
patterns. Students connect place value and their prior work with operations to understand 
algorithms to fluently multiply multi-digit numbers and perform all operations with decimals to 
hundredths. Students explore operations with fractions with visual models and begin to formulate 
generalizations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 168 

 
 

5th Grade Team/Department and Course Outcomes  
3-5 TEAM/DEPT OUTCOMES: 

1. Students will be able to generate and analyze patterns and relationships. (OA) 
2. Students will be able to demonstrate understanding of the place value system by solving multi-digit whole number and decimal (to the 

hundredths) operations. (NBT) 
3. Students will be able to add, subtract, multiply, and divide fractions. (NF) 
4. Students will be able to solve problems by converting like measurement units within a given measurement system. (MD) 
5. Students will be able to represent and interpret data. (MD) 
6. Students will be able to apply understanding of area, perimeter, angles, and volume by solving problems using correct operations. (MD) 
7. Students will be able to classify two-dimensional figures into categories based on their properties. (G) 

5TH GRADE COURSE OUTCOMES: 

1. Students will be able to write, interpret, and evaluate numerical expressions using parentheses, brackets, or braces. (OA) 
2. Students will be able to read, write, compare, and round decimal numbers to the thousandths. (NBT) 
3. Students will be able to fluently multiply multi-digit whole numbers and decimals to hundredths. (NBT) 
4. Students will be able to perform operations with multi-digit whole numbers and with decimals to hundredths. (NBT) 
5. Students will be able to use equivalent fractions as a strategy to add and subtract fractions. (NF) 
6. Students will be able to apply previous understandings of multiplication and division to multiply and divide fractions. (NF) 
7. Students will be able to convert like measurement units within a given measurement system. (MD) 
8. Students will be able to solve real world problems involving volume by relating it to multiplication and addition. (MD) 
9. Students will be able to graph points on a coordinate plane to solve real-world and mathematical problems. (G) 
10. Students will be able to classify two-dimensional figures into categories based on their properties. (G) 
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5th Grade Unit Concepts and Goals  
(1)  (Reference Standards OA.1-3, NBT.5-6, MP.1-8) 

• Unit Concept – Mathematical Operations 
• Unit Goal – Students will be able to fluently multiply and divide multi-digit, multi-operation whole numbers and decimals to hundredths 

using models. 
(2)  (Reference Standards NBT.1-5, MP.1-8) 

• Unit Concept – Place Value of Decimals 
• Unit Goal – Students will be able to read, write, and compare decimals to thousandths. 

(3)  (Reference Standards NF.1, NF.2, MP.1-8) 
• Unit Concept – Adding and Subtracting Fractions 
• Unit Goal – Students will be able to use equivalent fractions to add and subtract fractions, and solve fraction word problems. 

(4)  (Reference Standards NF.3-7, MP.1-8) 
• Unit Concept – Multiplication and division of Fractions 
• Unit Goal – Students will be able to multiply and divide fractions, and solve fraction word problems. 

(5)  (Reference Standards MD.1-2, MP.1-8) 
• Unit Concept – Measurement Conversions 
• Unit Goal – Students will be able to covert like measurement units and represent and interpret the data in fractions. 

(6)  (Reference Standards MD.3, MP.1-8) 
• Unit Concept – Volume 
• Unit Goal – Students will be able to relate volume to addition and multiplication to solve real world problems. 

(7)  (Reference Standards G.3, G.4, MP.1-8) 
• Unit Concept – Geometry 
• Unit Goal – Students will be able to classify 2 dimensional shapes based on their properties. 

(8)  (Reference Standards G.1, G.2, MP.1-8) 
• Unit Concept –  Graphing 
• Unit Goal – Students will be able to graph 2 points on a coordinate plane as they relate to real world problems.          
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Grade 6 Overview 

 
Ratios and Proportional Relationships (RP) 

• Understand ratio concepts and use ratio reasoning to solve 
problems. 

 
The Number System (NS) 

• Apply and extend previous understandings of multiplication and 
division to divide fractions by fractions. 

• Compute fluently with multi-digit numbers and find common 
factors and multiples. 

• Apply and extend previous understandings of numbers to the 
system of rational numbers. 

 
Expressions and Equations (EE) 

• Apply and extend previous understandings of arithmetic to 
algebraic expressions. 

• Reason about and solve one-variable equations and inequalities. 
• Represent and analyze quantitative relationships between 

dependent and independent variables. 
 
Geometry (G) 

• Solve real-world and mathematical problems involving area, 
surface area, and volume. 

 
Statistics and Probability (SP) 

• Develop understanding of statistical variability. 
• Summarize and describe distributions. 

 

Mathematical Practices (MP) 
41. Make sense of problems and persevere in solving them. 
42. Reason abstractly and quantitatively. 
43. Construct viable arguments and critique the reasoning of others. 
44. Model with mathematics. 
45. Use appropriate tools strategically. 
46. Attend to precision. 
47. Look for and make use of structure. 
48. Look for and express regularity in repeated reasoning. 
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In Grade 6, instructional time should focus on four critical areas: (1) connecting ratio and rate to whole number multiplication and 
division and using concepts of ratio and rate to solve problems; (2) completing understanding of division of fractions and extending the 
notion of number to the system of rational numbers, which includes negative numbers; (3) writing, interpreting, and using expressions 
and equations; and (4) developing understanding of statistical thinking.  
 
(1) Students use reasoning about multiplication and division to solve ratio and rate problems about quantities. By viewing equivalent ratios and rates 
as deriving from, and extending, pairs of rows (or columns) in the multiplication table, and by analyzing simple drawings that indicate the relative size of 
quantities, students connect their understanding of multiplication and division with ratios and rates. Thus students expand the scope of problems for 
which they can use multiplication and division to solve problems, and they connect ratios and fractions.  Students solve a wide variety of problems 
involving ratios and rates. 
 
(2) Students use the meaning of fractions, the meanings of multiplication and division, and the relationship between multiplication and division to 
understand and explain why the procedures for dividing fractions make sense. Students use these operations to solve problems. Students extend 
their previous understandings of number and the ordering of numbers to the full system of rational numbers, which includes negative rational 
numbers, and in particular negative integers. They reason about the order and absolute value of rational numbers and about the location of points in 
all four quadrants of the coordinate plane. 
 
(3) Students understand the use of variables in mathematical expressions. They write expressions and equations that correspond to given 
situations, evaluate expressions, and use expressions and formulas to solve problems. Students understand that expressions in different forms can 
be equivalent, and they use the properties of operations to rewrite expressions in equivalent forms. Students know that the solutions of an equation 
are the values of the variables that make the equation true.  Students use properties of operations and the idea of maintaining the equality of both 
sides of an equation to solve simple one-step equations. Students construct and analyze tables, such as tables of quantities that are in equivalent 
ratios, and they use equations (such as 3x = y) to describe relationships between quantities. 
 
(4) Building on and reinforcing their understanding of number, students begin to develop their ability to think statistically. Students recognize that a 
data distribution may not have a definite center and that different ways to measure center yield different values. The median measures center in the 
sense that it is roughly the middle value. The mean measures center in the sense that it is the value that each data point would take on if the total of 
the data values were redistributed equally, and also in the sense that it is a balance point. Students recognize that a measure of variability 
(interquartile range or mean absolute deviation) can also be useful for summarizing data because two very different sets of data can have the same 
mean and median yet be distinguished by their variability. Students learn to describe and summarize numerical data sets, identifying clusters, 
peaks, gaps, and symmetry, considering the context in which the data were collected. 

 
Students in Grade 6 also build on their work with area in elementary school by reasoning about relationships among shapes to determine area, 
surface area, and volume. They find areas of right triangles, other triangles, and special quadrilaterals by decomposing these shapes, rearranging 
or removing pieces, and relating the shapes to rectangles. Using these methods, students discuss, develop, and justify formulas for areas of 
triangles and parallelograms. Students find areas of polygons and surface areas of prisms and pyramids by decomposing them into pieces whose 
area they can determine. They reason about right rectangular prisms with fractional side lengths to extend formulas for the volume of a right 
rectangular prism to fractional side lengths. They prepare for work on scale drawings and constructions in Grade 7 by drawing polygons in the 
coordinate plane. 
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Ratios and Proportional Relationships (RP) 
Understand ratio concepts and use ratio reasoning to solve problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.RP.1. Understand the concept of a ratio and 
use ratio language to describe a ratio 
relationship between two quantities. For 
example, “The ratio of wings to beaks in the bird 
house at the zoo was 2:1, because for every 2 
wings there was 1 beak.” “For every vote 
candidate A received, candidate C received 
nearly three votes.”  
 
Connections: 6-8.RST.4; 6-8.WHST.2d 
 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.6. Attend to precision. 
 

A ratio is a comparison of two quantities which can be written as  

a to b,  
b
a

,  or  a:b.  

 
A rate is a ratio where two measurements are related to each other. When 
discussing measurement of different units, the word rate is used rather than 
ratio. Understanding rate, however, is complicated and there is no universally 
accepted definition. When using the term rate, contextual understanding is 
critical. Students need many opportunities to use models to demonstrate the 
relationships between quantities before they are expected to work with rates 
numerically.   
 
A comparison of 8 black circles to 4 white circles can be written as the ratio of 
8:4 and can be regrouped into 4 black circles to 2 white circles (4:2) and 2 black 
circles to 1 white circle (2:1).  
 
 
 
 
 
Students should be able to identify all these ratios and describe them using “For 
every…., there are …”  
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Ratios and Proportional Relationships (RP) 
Understand ratio concepts and use ratio reasoning to solve problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.RP.2. Understand the concept of a unit rate 
a/b associated with a ratio a:b with b ≠ 0, and 
use rate language in the context of a ratio 
relationship. For example, “This recipe has a 
ratio of 3 cups of flour to 4 cups of sugar, so 
there is 3/4 cup of flour for each cup of sugar.” 
“We paid $75 for 15 hamburgers, which is a 
rate of $5 per hamburger.” (Expectations for 
unit rates in this grade are limited to non-
complex fractions.) 
 
Connection: 6-8.RST.4 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.6. Attend to precision. 

A unit rate compares a quantity in terms of one unit of another quantity.  
Students will often use unit rates to solve missing value problems. Cost per item 
or distance per time unit are common unit rates, however, students should be 
able to flexibly use unit rates to name the amount of either quantity in terms of 
the other quantity. Students will begin to notice that related unit rates are 
reciprocals as in the first example. It is not intended that this be taught as an 
algorithm or rule because at this level, students should primarily use reasoning 
to find these unit rates.  
 
In Grade 6, students are not expected to work with unit rates expressed as 
complex fractions. Both the numerator and denominator of the original ratio will 
be whole numbers.  
 
Examples: 

• On a bicycle you can travel 20 miles in 4 hours. What are the unit rates 
in this situation, (the distance you can travel in 1 hour and the amount of 
time required to travel 1 mile)? 
Solution: You can travel 5 miles in 1 hour written as 

hr
mi

 1
 5 and it takes 

5
 1 of a hour to travel each mile written as 

mi 1

hr 
5
1

. Students can represent 

the relationship between 20 miles and 4 hours.  
 
 
 
 
 
 
 
 

 
• A simple modeling clay recipe calls for 1 cup corn starch, 2 cups salt, 

and 2 cups boiling water. How many cups of corn starch are needed to 
mix with each cup of salt? 

1 mile 

1 hour 
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Ratios and Proportional Relationships (RP) 
Understand ratio concepts and use ratio reasoning to solve problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.RP.3. Use ratio and rate reasoning to solve 
real-world and mathematical problems, e.g., by 
reasoning about tables of equivalent ratios, tape 
diagrams, double number line diagrams, or 
equations. 
a. Make tables of equivalent ratios relating 

quantities with whole-number 
measurements, find missing values in the 
tables, and plot the pairs of values on the 
coordinate plane. Use tables to compare 
ratios. 

b. Solve unit rate problems including those 
involving unit pricing and constant speed. 
For example, if it took 7 hours to mow 4 
lawns, then at that rate, how many lawns 
could be mowed in 35 hours? At what rate 
were lawns being mowed? 

c. Find a percent of a quantity as a rate per 
100 (e.g., 30% of a quantity means 30/100 
times the quantity); solve problems 
involving finding the whole, given a part and 
the percent. 

d. Use ratio reasoning to convert measurement 
units; manipulate and transform units 
appropriately when multiplying or dividing 
quantities. 

 
Connections: 6.EE.9; 6-8.RST.7; 
ET06-S6C2-03; SC06-S2C2-03 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.4. Model with 
mathematics 
 
6.MP.5. Use appropriate tools 
strategically. 
 
6.MP.7. Look for and make use 
of structure. 

Examples: 
• Using the information in the table, find the number of yards in 24 feet. 
 

Feet 3 6 9 15 24 
Yards 1 2 3 5 ? 

 

There are several strategies that students could use to determine the 
solution to this problem. 
o Add quantities from the table to total 24 feet (9 feet and 15 feet); 

therefore the number of yards must be 8 yards (3 yards and 5 
yards). 

o Use multiplication to find 24 feet:  1) 3 feet x 8 = 24 feet; therefore 1 
yard x 8 = 8 yards, or 2) 6 feet x 4 = 24 feet; therefore 2 yards x 4 = 
8 yards. 

 

• Compare the number of black to white circles.  If the ratio remains the 
same, how many black circles will you have if you have 60 white circles? 

 
 
 

Black 4 40 20 60 ? 
White 3 30 15 45 60 

 

• If 6 is 30% of a value, what is that value? (Solution: 20) 
 
 
 
 
 
 
 
 

• A credit card company charges 17% interest on any charges not paid at 
the end of the month. Make a ratio table to show how much the interest 
would be for several amounts. If your bill totals $450 for this month, how 
much interest would you have to pay if you let the balance carry to the 
next month? Show the relationship on a graph and use the graph to 
predict the interest charges for a $300 balance. 

 

Charges $1 $50 $100 $200 $450 
Interest $0.17 $8.50 $17 $34 ? 

 

6 

0% 

     

30% 100% ? 
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The Number System (NS) 
Apply and extend previous understandings of multiplication and division to divide fractions by fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.NS.1. Interpret and compute quotients of 
fractions, and solve word problems involving 
division of fractions by fractions, e.g., by using 
visual fraction models and equations to 
represent the problem. For example, create a 
story context for (2/3) ÷ (3/4) and use a visual 
fraction model to show the quotient; use the 
relationship between multiplication and division 
to explain that (2/3) ÷ (3/4) = 8/9 because 3/4 of 
8/9 is 2/3. (In general, (a/b) ÷ (c/d) = ad/bc.) 
How much chocolate will each person get if 3 
people share 1/2 lb of chocolate equally? How 
many 3/4-cup servings are in 2/3 of a cup of 
yogurt? How wide is a rectangular strip of land 
with length 3/4 mi and area 1/2 square mi? 
 
Connection: 6-8.RST.7 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.7. Look for and make use 
of structure. 
 
6.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Contexts and visual models can help students to understand quotients of 
fractions and begin to develop the relationship between multiplication and 
division. Model development can be facilitated by building from familiar 
scenarios with whole or friendly number dividends or divisors. Computing 
quotients of fractions build upon and extends student understandings developed 
in Grade 5. Students make drawings, model situations with manipulatives, or 
manipulate computer generated models. 
 
Examples: 

• 3 people share
2
1 pound of chocolate. How much of a pound of  chocolate 

does each person get?  
Solution: Each person gets

6
1 lb of chocolate. 

 
 
 
 

 
• Manny has 

2
1  yard of fabric to make book covers. Each book is made 

from 
8
1  yard of fabric. How many book covers can Manny make? 

Solution: Manny can make 4 book covers. 
 
 
 
 
 
 
 

• Represent 
3
2

2
1

÷ in a problem context and draw a model to show your 

solution. 
 
 

 yd
8
1  

 yd
8
1  

 yd
8
1  

 
8
1 yd 

 yd
2
1  
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The Number System (NS) 
Apply and extend previous understandings of multiplication and division to divide fractions by fractions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

Context: You are making a recipe that calls for 
3
2 cup of yogurt. You have 

2
1 cup of 

yogurt from a snack pack. How much of the recipe can you make?  
 
Explanation of Model:  
The first model shows

2
1 cup.  The shaded squares in all three models show 

2
1  cup. 

The second model shows 
2
1  cup and also shows 

3
1  cups horizontally.   

The third model shows 
2
1  cup moved to fit in only the area shown by 

3
2  of the model.  

3
2 is the new referent unit (whole) .  

3 out of the 4 squares in the 
3
2  portion are shaded.  A 

2
1  cup is only 

4
3  of a 

3
2  cup 

portion, so you can only make ¾ of the recipe.  
 

 
 
 
 

 
         

2
1                                          

2
1  

 
 
 
The Number System (NS) 
Compute fluently with multi-digit numbers and find common factors and multiples. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.NS.2. Fluently divide multi-digit numbers 
using the standard algorithm. 
 
Connection: 6-8.RST.3 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.7. Look for and make use 
of structure. 

Students are expected to fluently and accurately divide multi-digit whole 
numbers. Divisors can be any number of digits at this grade level. 
As students divide they should continue to use their understanding of place 
value to describe what they are doing. When using the standard algorithm, 
students’ language should reference place value. For example, when dividing 32 
into 8456, as they write a 2 in the quotient they should say, “there are 200 thirty-

3
2  

3
1  

3
1  

3
1  
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The Number System (NS) 
Compute fluently with multi-digit numbers and find common factors and multiples. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

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

twos in 8456 ” and could write 6400 beneath the 8456 rather than only writing 
64. 
 

 
 

There are 200 thirty twos in 8456. 

 
 

200 times 32 is 6400. 
8456 minus 6400 is 2056. 

 
 

There are 60 thirty twos in 2056. 
 

 
 
 
 
 

60 times 32 is 1920. 
2056 minus 1920 is 136. 
 
 
 
 
 
 
 
 
 
 
Continued on next page 

 

There are 4 thirty twos in 136. 
4 times 32 is 128. 
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The Number System (NS) 
Compute fluently with multi-digit numbers and find common factors and multiples. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 

The remainder is 8. There is not a full thirty two in 8; there is only part 
of a thirty two in 8.  
 
This can also be written as 

32
8  or

4
1 . There is ¼ of a thirty two in 8. 

 
8456 = 264 * 32 + 8 

 

6.NS.3. Fluently add, subtract, multiply, and 
divide multi-digit decimals using the standard 
algorithm for each operation. 
 
Connection: 6-8.RST.3 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.7. Look for and make use 
of structure. 
 
6.MP.8. Look for and express 
regularity in repeated 
reasoning. 

The use of estimation strategies supports student understanding of operating on 
decimals. 
 

Example: 
• First, students estimate the sum and then find the exact sum of 14.4 and 

8.75.  An estimate of the sum might be 14 + 9 or 23. Students may also 
state if their estimate is low or high. They would expect their answer to 
be greater than 23. They can use their estimates to self-correct.  
 

Answers of 10.19 or 101.9 indicate that students are not considering the 
concept of place value when adding (adding tenths to tenths or 
hundredths to hundredths) whereas answers like 22.125 or 22.79 
indicate that students are having difficulty understanding how the four-
tenths and seventy-five hundredths fit together to make one whole and 
25 hundredths.   
 

Students use the understanding they developed in 5th grade related to 
the patterns involved when multiplying and dividing by powers of ten to 
develop fluency with operations with multi-digit decimals.  
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The Number System (NS) 
Compute fluently with multi-digit numbers and find common factors and multiples. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.NS.4. Find the greatest common factor of two 
whole numbers less than or equal to 100 and 
the least common multiple of two whole 
numbers less than or equal to 12. Use the 
distributive property to express a sum of two 
whole numbers 1–100 with a common factor as 
a multiple of a sum of two whole numbers with 
no common factor. For example, express 36 + 8 
as 4(9+2). 
 
Connection: 6-8.RST.4 

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

Examples: 
• What is the greatest common factor (GCF) of 24 and 36? How can you 

use factor lists or the prime factorizations to find the GCF?  
Solution:  22 ∗  3 = 12. Students should be able to explain that both 24 
and 36 have 2 factors of 2 and one factor of 3, thus 2 x 2 x 3 is the 
greatest common factor.) 

• What is the least common multiple (LCM) of 12 and 8? How can you use 
multiple lists or the prime factorizations to find the LCM?  
Solution:  23  ∗  3 = 24. Students should be able to explain that the least 
common multiple is the smallest number that is a multiple of 12 and a 
multiple of 8. To be a multiple of 12, a number must have 2 factors of 2 
and one factor of 3 (2 x 2 x 3).  To be a multiple of 8, a number must 
have 3 factors of 2 (2 x 2 x 2). Thus the least common multiple of 12 and 
8 must have 3 factors of 2 and one factor of 3 ( 2 x 2 x 2 x 3). 

• Rewrite 84 + 28 by using the distributive property. Have you divided by 
the largest common factor? How do you know?  

• Given various pairs of addends using whole numbers from 1-100, 
students should be able to identify if the two numbers have a common 
factor. If they do, they identify the common factor and use the distributive 
property to rewrite the expression.  They prove that they are correct by 
simplifying both expressions.  
 

o 27 + 36 = 9 (3 + 4) 
               63 = 9 x 7 
               63 = 63 
 

o 31 + 80   
There are no common factors. I know that because 31 is a 
prime number, it only has 2 factors, 1 and 31. I know that 31 
is not a factor of 80 because 2 x 31 is 62 and 3 x 31 is 93. 
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The Number System (NS) 
Apply and extend previous understandings of numbers to the system of rational numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.NS.5. Understand that positive and negative 
numbers are used together to describe 
quantities having opposite directions or values 
(e.g., temperature above/below zero, elevation 
above/below sea level, credits/debits, 
positive/negative electric charge); use positive 
and negative numbers to represent quantities in 
real-world contexts, explaining the meaning of 0 
in each situation. 
 
Connections: 6-8.RST.4; 6-8.WHST.2d 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.4. Model with 
mathematics. 

 

6.NS.6. Understand a rational number as a 
point on the number line. Extend number line 
diagrams and coordinate axes familiar from 
previous grades to represent points on the line 
and in the plane with negative number 
coordinates. 
a. Recognize opposite signs of numbers as 

indicating locations on opposite sides of 0 
on the number line; recognize that the 
opposite of the opposite of a number is the 
number itself, e.g., -(-3) = 3, and that 0 is its 
own opposite. 

b. Understand signs of numbers in ordered 
pairs as indicating locations in quadrants of 
the coordinate plane; recognize that when 
two ordered pairs differ only by signs, the 
locations of the points are related by 
reflections across one or both axes.  

c. Find and position integers and other rational 
numbers on a horizontal or vertical number 
line diagram; find and position pairs of 
integers and other rational numbers on a 
coordinate plane. 
 

Connections: 6-8.RST.7; SS06-S1C1-03 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.4. Model with 
mathematics. 

Number lines can be used to show numbers and their opposites. Both 3 and -3 
are 3 units from zero on the number line. Graphing points and reflecting across 
zero on a number line extends to graphing and reflecting points across axes on 
a coordinate grid. The use of both horizontal and vertical number line models 
facilitates the movement from number lines to coordinate grids. 
 

                                         
Example: 
 

• Graph the following points in the correct quadrant of the coordinate plane. 
If you reflected each point across the x-axis, what are the coordinates of 
the reflected points? What similarities do you notice between 
coordinates of the original point and the reflected point? 
 







 −

2
13 ,

2
1

             





 −− 3 ,

2
1

           ( )75.0 ,25.0 −  
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The Number System (NS) 
Apply and extend previous understandings of numbers to the system of rational numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.NS.7. Understand ordering and absolute 
value of rational numbers. 
a. Interpret statements of inequality as 

statements about the relative position of 
two numbers on a number line diagram. For 
example, interpret –3 > –7 as a statement 
that –3 is located to the right of –7 on a 
number line oriented from left to right. 

b. Write, interpret, and explain statements of 
order for rational numbers in real-world 
contexts. For example, write –3 oC > –7 oC 
to express the fact that –3 oC is warmer 
than –7 oC. 

c. Understand the absolute value of a rational 
number as its distance from 0 on the 
number line; interpret absolute value as 
magnitude for a positive or negative 
quantity in a real-world situation. For 
example, for an account balance of –30 
dollars, write |–30| = 30 to describe the size 
of the debt in dollars. 

d. Distinguish comparisons of absolute value 
from statements about order. For example, 
recognize that an account balance less 
than –30 dollars represents a debt greater 
than 30 dollars. 
 

Connections: 6-8.WHST.1c; 6-8.WHST.2a 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.4. Model with 
mathematics. 

Common models to represent and compare integers include number line 
models, temperature models and the profit-loss model. On a number line model, 
the number is represented by an arrow drawn from zero to the location of the 
number on the number line; the absolute value is the length of this arrow. The 
number line can also be viewed as a thermometer where each point of on the 
number line is a specific temperature. In the profit-loss model, a positive number 
corresponds to profit and the negative number corresponds to a loss. Each of 
these models is useful for examining values but can also be used in later grades 
when students begin to perform operations on integers. 
 

In working with number line models, students internalize the order of the 
numbers; larger numbers on the right or top of the number line and smaller 
numbers to the left or bottom of the number line. They use the order to correctly 
locate integers and other rational numbers on the number line. By placing two 
numbers on the same number line, they are able to write inequalities and make 
statements about the relationships between the numbers. 
 

Case 1: Two positive numbers 

 
 

5 > 3 
5 is greater than 3 

 

Case 2: One positive and one negative number 

 
 

3 > -3 
positive 3 is greater than negative 3 

negative 3 is less than positive 3 
 

Case 3: Two negative numbers 

 
 

-3 > -5 
negative 3 is greater than negative 5 

negative 5 is less than negative 3 
 
 
Comparative statements generate informal experience with operations and lay 
the foundation for formal work with operations on integers in grade 7.  
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The Number System (NS) 
Apply and extend previous understandings of numbers to the system of rational numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

Example: 
• One of the thermometers shows -3°C and the other shows -7°C. Which 

thermometer shows which temperature? Which is the colder 
temperature? How much colder? Write an inequality to show the 
relationship between the temperatures and explain how the model 
shows this relationship. 

 

           
 

Students recognize the distance from zero as the absolute value or magnitude of 
a rational number. Students need multiple experiences to understand the 
relationships between numbers, absolute value, and statements about order.  
 

Example:  
• The Great Barrier Reef is the world’s largest reef system and is located off 

the coast of Australia. It reaches from the surface of the ocean to a 
depth of 150 meters. Students could represent this value as less than 
150 meters or a depth no greater than 150 meters below sea level. 
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The Number System (NS) 
Apply and extend previous understandings of numbers to the system of rational numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.NS.8. Solve real-world and mathematical 
problems by graphing points in all four 
quadrants of the coordinate plane. Include use 
of coordinates and absolute value to find 
distances between points with the same first 
coordinate or the same second coordinate. 
 
Connections: 6.G.3; 6-8.RST.7 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.5. Use appropriate tools 
strategically. 
 
6.MP.7. Look for and make use 
of structure. 

Example: 
• If the points on the coordinate plane below are the three vertices of a 

rectangle, what are the coordinates of the fourth vertex? How do you 
know? What are the length and width of the rectangle? 

 

                                               
 
To determine the distance along the x-axis between the point (-4, 2) and (2, 2) a 
student must recognize that -4 is  or 4 units to the left of 0 and 2 is  or 2 
units to the right of zero, so the two points are total of 6 units apart along the x-
axis. Students should represent this on the coordinate grid and numerically with 
an absolute value expression,  + .  
 

AZ.6.NS.9. Convert between expressions for 
positive rational numbers, including fractions, 
decimals, and percents. 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students need many opportunities to express rational numbers in meaningful 
contexts. 
 

Example: 
• A baseball player’s batting average is 0.625. What does the batting 

average mean? Explain the batting average in terms of a fraction, ratio, 
and percent. 

 

Solution: 

o The player hit the ball 
8
5

 of the time he was at bat; 

o The player hit the ball 62.5% of the time; or  
o The player has a ratio of 5 hits to 8 batting attempts (5:8). 
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Expressions and Equations (EE) 
Apply and extend previous understandings of arithmetic to algebraic expressions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.EE.1. Write and evaluate numerical 
expressions involving whole-number exponents. 
 
Connection: 6-8.RST.4 

6.MP.2. Reason abstractly and 
quantitatively. 

Examples: 
• Write the following as a numerical expressions using exponential 

notation.  
o The area of a square with a side length of 8 m (Solution: 228 m ) 
o The volume of a cube with a side length of 5 ft: (Solution: 335 ft ) 
o Yu-Lee has a pair of mice. The mice each have 2 babies. The babies 

grow up and have two babies of their own: (Solution: 32 mice) 
 

• Evaluate: 
o 34  (Solution: 64) 
o 625 4 •+  (Solution: 101) 
o 2632472 +÷−  (Solution: 67) 
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Expressions and Equations (EE) 
Apply and extend previous understandings of arithmetic to algebraic expressions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.EE.2. Write, read, and evaluate expressions 
in which letters stand for numbers. 
a. Write expressions that record operations 

with numbers and with letters standing for 
numbers. For example, express the 
calculation “Subtract y from 5” as 5 – y.  

b. Identify parts of an expression using 
mathematical terms (sum, term, product, 
factor, quotient, coefficient); view one or 
more parts of an expression as a single 
entity. For example, describe the 
expression 2(8+7) as a product of two 
factors; view (8+7) as both a single entity 
and a sum of two terms  

c. Evaluate expressions at specific values of 
their variables. Include expressions that 
arise from formulas used in real-world 
problems. Perform arithmetic operations, 
including those involving whole-number 
exponents, in the conventional order when 
there are no parentheses to specify a 
particular order (Order of Operations). For 
example, use the formulas V=s3 and A=6 
s2 to find the volume and surface area of a 
cube with sides of length s=1/2.  

 
Connections: 6-8.RST.4; 6-8.WHST.2d 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.6. Attend to precision. 

It is important for students to read algebraic expressions in a manner that 
reinforces that the variable represents a number. 

• r + 21 as “some number plus 21 as well as “r plus 21” 
• n • 6 as “some number times 6 as well as “n times 6” 

• 
s
6
  and s ÷ 6 as “as some number divided by 6” as well as “s divided by 

6” 
 
Students should identify the parts of an algebraic expression including 
variables, coefficients, constants, and the names of operations (sum, difference, 
product, and quotient). Development of this common language helps students 
to understand the structure of expressions and explain their process for 
simplifying expressions. 
 
Terms are the parts of a sum. When the term is an explicit number, it is called a 
constant. When the term is a product of a number and a variable, the number is 
called the coefficient of the variable. 
 
Variables are letters that represent numbers. There are various possibilities for 
the numbers they can represent; students can substitute these possible 
numbers for the letters in the expression for various different purposes. 
 
Consider the following expression: 

6352 +++ xyx  
 
The variables are x and y. 
There are 4 terms, x2, 5y, 3x, and 6. 
There are 3 variable terms, x2, 5y, 3x. They have coefficients of 1, 5, and 3 
respectively. The coefficient of x2 is 1, since x2 = 1 x2. The term 5y represent 5 
y’s or 5 * y. 
There is one constant term, 6. 
The expression shows a sum of all four terms. 

 
Examples: 

• 7 more than 3 times a number (Solution: 73 +x ) 
• 3 times the sum of a number and 5 (Solution: )5(3 +x  
• 7 less than the product of 2 and a number (Solution: 72 −x ) 
• Twice the difference between a number and 5 (Solution: )5(2 −z ) 
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Expressions and Equations (EE) 
Apply and extend previous understandings of arithmetic to algebraic expressions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• Evaluate 5(n + 3) – 7n, when n =
1
2

. 

• The expression c + 0.07c can be used to find the total cost of an item 
with 7% sales tax, where c  is the pre-tax cost of the item. Use the 
expression to find the total cost of an item that cost $25. 

 

• The perimeter of a parallelogram is found using the formula p = 2l + 2w. 
What is the perimeter of a rectangular picture frame with dimensions of 
8.5 inches by 11 inches. 
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Expressions and Equations (EE) 
Apply and extend previous understandings of arithmetic to algebraic expressions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.EE.3. Apply the properties of operations to 
generate equivalent expressions. For example, 
apply the distributive property to the expression 
3 (2 + x) to produce the equivalent expression 6 
+ 3x; apply the distributive property to the 
expression 24x + 18y to produce the equivalent 
expression 6 (4x + 3y); apply properties of 
operations to y + y + y to produce the 
equivalent expression 3y. 
 
Connection: 6-8.RST.4 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.6. Attend to precision. 
 
6.MP.7. Look for and make use 
of structure. 

Students use their understanding of multiplication to interpret 3 (2 + x). For 
example, 3 groups of (2 + x).  They use a model to represent x, and make an 
array to show the meaning of 3(2 + x). They can explain why it makes sense that 
3(2 + x) is equal to 6 + 3x.  
 
 An array with 3 columns and x + 2 in each column: 
 
 
 
 
 
 
Students interpret y as referring to one y. Thus, they can reason that one y plus 
one y plus one y must be 3y. They also the distributive property, the 
multiplicative identity property of 1, and the commutative property for 
multiplication to prove that y + y + y = 3y: 
 
y + y + y = y x 1 + y x 1 + y x 1 = y x (1 + 1 + 1) = y x 3 = 3y  
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Expressions and Equations (EE) 
Apply and extend previous understandings of arithmetic to algebraic expressions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.EE.4. Identify when two expressions are 
equivalent (i.e., when the two expressions 
name the same number regardless of which 
value is substituted into them). For example, the 
expressions y + y + y and 3y are equivalent 
because they name the same number 
regardless of which number y stands for. 
 
Connection: 6-8.RST.5 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.6. Attend to precision. 
 
6.MP.7. Look for and make use 
of structure. 

Students connect their experiences with finding and identifying equivalent forms 
of whole numbers and can write expressions in various forms. Students 
generate equivalent expressions using the associative, commutative, and 
distributive properties. They can prove that the expressions are equivalent by 
simplifying each expression into the same form.  
 
Example:   

• Are the expressions equivalent? How do you know? 
 
 4m + 8             4(m+2)             3m + 8 + m           2 + 2m + m + 6 + m 
 
Solution: 
 

Expression Simplifying the Expression Explanation 
4m + 8 4m + 8 

 
 

Already in simplest 
form 

4(m+2) 4(m+2) 
4m + 8 

Distributive property 

3m + 8 + m 3m + 8 + m 
3m + m + 8 
(3m + m) + 8 
4m + 8 

Combined like terms 

2 + 2m + m + 6 + m 2 + 2m + m + 6 + m 
2 + 6 + 2m + m + m 
(2 + 6) + (2m + m + m) 
8 + 4m 
4m + 8 

Combined like terms 
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Expressions and Equations (EE) 
Reason about and solve one-variable equations and inequalities. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

6.EE.5. Understand solving an equation or 
inequality as a process of answering a question: 
which values from a specified set, if any, make 
the equation or inequality true? Use substitution 
to determine whether a given number in a 
specified set makes an equation or inequality 
true. 
 
Connection: 6-8.RST.7 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.7. Look for and make use 
of structure. 

Beginning experiences in solving equations should require students to 
understand the meaning of the equation as well as the question being asked. 
Solving equations using reasoning and prior knowledge should be required of 
students to allow them to develop effective strategies such as using reasoning, 
fact families, and inverse operations. Students may use balance models in 
representing and solving equations and inequalities. 
 
Consider the following situation: Joey had 26 papers in his desk. His teacher 
gave him some more and now he has 100. How many papers did his teacher 
give him?  
 
This situation can be represented by the equation 26 + n = 100 where n is the 
number of papers the teacher gives to Joey. This equation can be stated as 
“some number was added to 26 and the result was 100”. Students ask 
themselves “What number was added to 26 to get 100?” to help them determine 
the value of the variable that makes the equation true. Students could use 
several different strategies to find a solution to the problem. 

o Reasoning:  26 + 70 is 96. 96 + 4 is 100, so the number added to 26 
to get 100 is 74. 

o Use knowledge of fact families to write related equations:  
n + 26 = 100, 100 - n = 26, 100 - 26 = n. Select the equation that 
helps you find n easily.  

o Use knowledge of inverse operations: Since subtraction “undoes” 
addition then subtract 26 from 100 to get the numerical value of n 

o Scale model: There are 26 blocks on the left side of the scale and 
100 blocks on the right side of the scale. All the blocks are the same 
size. 74 blocks need to be added to the left side of the scale to 
make the scale balance. 

o Bar Model: Each bar represents one of the values. Students use this 
visual representation to demonstrate that 26 and the unknown value 
together make 100. 

 
 
 
 
 
 
 

100 

26 n 
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Expressions and Equations (EE) 
Reason about and solve one-variable equations and inequalities. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
Examples: 

• The equation 1144.0 =s  where s represents the number of stamps in a 
booklet. The booklet of stamps costs 11 dollars and each stamp costs 
44 cents. How many stamps are in the booklet? Explain the strategies 
you used to determine your answer. Show that your solution is correct 
using substitution. 

• Twelve is less than 3 times another number can be shown by the 
inequality n312 < .  What numbers could possibly make this a true 
statement? 

6.EE.6. Use variables to represent numbers 
and write expressions when solving a real-world 
or mathematical problem; understand that a 
variable can represent an unknown number, or, 
depending on the purpose at hand, any number 
in a specified set. 
 
Connection: 6-8.RST.4 

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

Connecting writing expressions with story problems and/or drawing pictures will 
give students a context for this work. It is important for students to read algebraic 
expressions in a manner that reinforces that the variable represents a number.  
 

Examples: 
• Maria has three more than twice as many crayons as Elizabeth. Write 

an algebraic expression to represent the number of crayons that Maria 
has. 
(Solution: 2c + 3 where c represents the number of crayons that 
Elizabeth has.) 

• An amusement park charges $28 to enter and $0.35 per ticket. Write an 
algebraic expression to represent the total amount spent.             
(Solution: 28 + 0.35t where t represents the number of tickets 
purchased) 

• Andrew has a summer job doing yard work. He is paid $15 per hour and 
a $20 bonus when he completes the yard. He was paid $85 for 
completing one yard. Write an equation to represent the amount of 
money he earned. 
(Solution: 15h + 20 = 85 where h is the number of hours worked) 

• Describe a problem situation that can be solved using the equation      
2c + 3 = 15; where c represents the cost of an item 

• Bill earned $5.00 mowing the lawn on Saturday. He earned more money 
on Sunday. Write an expression that shows the amount of money Bill 
has earned.   (Solution: $5.00 + n) 
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Expressions and Equations (EE) 
Reason about and solve one-variable equations and inequalities. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

6.EE.7. Solve real-world and mathematical 
problems by writing and solving equations of 
the form x + p = q and px = q for cases in which 
p, q and x are all nonnegative rational numbers 
 
Connection: 6-8.RST.7 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.7. Look for and make use 
of structure. 

Students create and solve equations that are based on real world situations. It 
may be beneficial for students to draw pictures that illustrate the equation in 
problem situations. Solving equations using reasoning and prior knowledge 
should be required of students to allow them to develop effective strategies.  
 
Example: 

• Meagan spent $56.58 on three pairs of jeans. If each pair of jeans 
costs the same amount, write an algebraic equation that represents 
this situation and solve to determine how much one pair of jeans 
cost.  

 

 
 
 
Sample Solution: Students might say: “I created the bar model to show 
the cost of the three pairs of jeans. Each bar labeled J is the same size 
because each pair of jeans costs the same amount of money. The bar 
model represents the equation 3J = $56.58. To solve the problem, I 
need to divide the total cost of 56.58 between the three pairs of jeans. I 
know that it will be more than $10 each because 10 x 3 is only 30 but 
less than $20 each because 20 x 3 is 60. If I start with $15 each, I am up 
to $45. I have $11.58 left. I then give each pair of jeans $3. That’s $9 
more dollars. I only have $2.58 left. I continue until all the money is 
divided. I ended up giving each pair of jeans another $0.86. Each pair of 
jeans costs $18.86 (15+3+0.86). I double check that the jeans cost 
$18.86 each because $18.86 x 3 is $56.58.” 
 

• Julio gets paid $20 for babysitting. He spends $1.99 on a package 
of trading cards and $6.50 on lunch. Write and solve an equation to 
show how much money Julio has left. 

        (Solution: 20 = 1.99 + 6.50 + x, x = $11.51) 
 
 
 
 

$56.58 

J J J 

20 
1.99 6.50 money left over (m) 
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Expressions and Equations (EE) 
Reason about and solve one-variable equations and inequalities. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

6.EE.8. Write an inequality of the form x > c or x 
< c to represent a constraint or condition in a 
real-world or mathematical problem. Recognize 
that inequalities of the form x > c or x < c have 
infinitely many solutions; represent solutions of 
such inequalities on number line diagrams. 
 
Connection: 6-8.RST.7 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.7. Look for and make use 
of structure. 

Examples: 
• Graph x ≤ 4. 

 

 
 

• Jonas spent more than $50 at an amusement park. Write an 
inequality to represent the amount of money Jonas spent. What 
are some possible amounts of money Jonas could have spent? 
Represent the situation on a number line. 

 
• Less than $200.00 was spent by the Flores family on groceries last 

month.  Write an inequality to represent this amount and graph this 
inequality on a number line. 

 
            Solution:  200 > x   
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Expressions and Equations (EE) 
Represent and analyze quantitative relationships between dependent and independent variables. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.EE.9. Use variables to represent two 
quantities in a real-world problem that change in 
relationship to one another; write an equation to 
express one quantity, thought of as the 
dependent variable, in terms of the other 
quantity, thought of as the independent 
variable. Analyze the relationship between the 
dependent and independent variables using 
graphs and tables, and relate these to the 
equation. For example, in a problem involving 
motion at constant speed, list and graph 
ordered pairs of distances and times, and write 
the equation d = 65t to represent the 
relationship between distance and time. 
 
Connections: 6.RP.3; 6-8. RST.7;  
ET06-S1C2-01; ET06-S1C2-02; 
ET06-S1C2-03; ET06-S6C2-03; SC06-S2C2-03 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.7. Look for and make use 
of structure. 
 
6.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students can use many forms to represent relationships between quantities. 
Multiple representations include describing the relationship using language, a 
table, an equation, or a graph. Translating between multiple representations 
helps students understand that each form represents the same relationship and 
provides a different perspective on the function. 
 
Examples: 

• What is the relationship between the two variables? Write an expression 
that illustrates the relationship. 

 
x 1 2 3 4 
y 2.5 5 7.5 10 

 
• Use the graph below to describe the change in y as x increases by 1. 

 

 
 
 
 
 

• Susan started with $1 in her savings. She plans to add $4 per week 
to her savings. Use an equation, table and graph to demonstrate 
the relationship between the number of weeks that pass and the 
amount in her savings account. 
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Expressions and Equations (EE) 
Represent and analyze quantitative relationships between dependent and independent variables. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

o Language: Susan has $1 in her savings account. She is going to 
save $4 each week.  
 

o Equation: y = 4x + 1  
 

o Table: 
x y 

0 1 

1 5 

2 9 
 

o Graph:  
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Geometry (G) 
Solve real-world and mathematical problems involving area, surface area, and volume. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.G.1. Find the area of right triangles, other 
triangles, special quadrilaterals, and polygons 
by composing into rectangles or decomposing 
into triangles and other shapes; apply these 
techniques in the context of solving real-world 
and mathematical problems. 
 
Connections: 6-8.RST.7; 6-8.WHST.2b,d; 
ET06-S1C2-02 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.5. Use appropriate tools 
strategically. 
 
6.MP.6. Attend to precision. 
 
6.MP.7. Look for and make use 
of structure. 
 
6.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Special quadrilaterals include rectangles, squares, parallelograms, trapezoids, 
rhombi, and kites. Students can use tools such as the Isometric Drawing Tool on 
NCTM’s Illuminations site to shift, rotate, color, decompose and view figures in 
2D or 3D (http://illuminations.nctm.org/ActivityDetail.aspx?ID=125) 
 
Examples: 

• Find the area of a triangle with a base length of three units and a height 
of four units. 

• Find the area of the trapezoid shown below using the formulas for 
rectangles and triangles. 

 
 
 
 
 
 

• A rectangle measures 3 inches by 4 inches. If the lengths of each side 
double, what is the effect on the area? 

• The area of the rectangular school garden is 24 square units. The length 
of the garden is 8 units. What is the length of the fence needed to 
enclose the entire garden? 

• The sixth grade class at Hernandez School is building a giant wooden H 
for their school. The H will be 10 feet tall and 10 feet wide and the 
thickness of the block letter will be 2.5 feet.  
o How large will the H be if measured in square feet? 
o The truck that will be used to bring the wood from the lumber yard to 

the school can only hold a piece of wood that is 60 inches by 60 
inches. What pieces of wood (how many pieces and what 
dimensions) are needed to complete the project? 

 

 
 

6.G.2. Find the volume of a right rectangular 
prism with fractional edge lengths by packing it 
with unit cubes of the appropriate unit fraction 

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

Students need multiple opportunities to measure volume by filling rectangular 
prisms with blocks and looking at the relationship between the total volume and 
the area of the base. Through these experiences, students derive the volume 

12 

7 

3 

http://illuminations.nctm.org/ActivityDetail.aspx?ID=125


Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 197 

Geometry (G) 
Solve real-world and mathematical problems involving area, surface area, and volume. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
edge lengths, and show that the volume is the 
same as would be found by multiplying the 
edge lengths of the prism. Apply the formulas V 
= l w h and V = b h to find volumes of right 
rectangular prisms with fractional edge lengths 
in the context of solving real-world and 
mathematical problems. 
 
Connections: 6-8.RST.4; ET06-S1C2-02 

 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.5. Use appropriate tools 
strategically. 
 
6.MP.6. Attend to precision. 
 
6.MP.7. Look for and make use 
of structure. 
 
6.MP.8. Look for and express 
regularity in repeated 
reasoning. 

formula (volume equals the area of the base times the height). Students can 
explore the connection between filling a box with unit cubes and the volume 
formula using interactive applets such as the Cubes Tool on NCTM’s 
Illuminations (http://illuminations.nctm.org/ActivityDetail.aspx?ID=6). 
 
In addition to filling boxes, students can draw diagrams to represent fractional 
side lengths, connecting with multiplication of fractions. This process is similar to 
composing and decomposing two dimensional shapes. 
 
Examples: 

• The model shows a cubic foot filled with cubic inches. The cubic inches 
can also be labeled as a fractional cubic unit with dimensions of 

12
1 ft3. 

 
 
 

• The models show a rectangular prism with dimensions 3/2 inches,       5/2 

inches, and 5/2 inches. Each of the cubic units in the model is 
8
1

in3. 

Students work with the model to illustrate 3/2 x 5/2 x 5/2 = (3 x 5 x 5) x 
1/8. Students reason that a small cube has volume 1/8 because 8 of    
them fit in a unit cube. 

http://illuminations.nctm.org/ActivityDetail.aspx?ID=6


Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 198 

Geometry (G) 
Solve real-world and mathematical problems involving area, surface area, and volume. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
 

6.G.3. Draw polygons in the coordinate plane 
given coordinates for the vertices; use 
coordinates to find the length of a side joining 
points with the same first coordinate or the 
same second coordinate. Apply these 
techniques in the context of solving real-world 
and mathematical problems. 
 
Connections: 6.NS.8; 6-8.RST.7 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.5. Use appropriate tools 
strategically. 
 
6.MP.7. Look for and make use 
of structure. 

Example: 
• On a map, the library is located at (-2, 2), the city hall building is located 

at (0,2), and the high school is located at (0,0).  Represent the locations 
as points on a coordinate grid with a unit of 1 mile.  

o What is the distance from the library to the city hall building? The 
distance from the city hall building to the high school? How do you 
know? 

o What shape is formed by connecting the three locations? The city 
council is planning to place a city park in this area. How large is the area 
of the planned park? 
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Geometry (G) 
Solve real-world and mathematical problems involving area, surface area, and volume. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.G.4. Represent three-dimensional figures 
using nets made up of rectangles and triangles, 
and use the nets to find the surface area of 
these figures. Apply these techniques in the 
context of solving real-world and mathematical 
problems. 
 
Connections: 6-8.RST.7; 6-8.WHST.2b;  
ET06-S1C2-02; ET06-S1C2-03 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.5. Use appropriate tools 
strategically. 
 
6.MP.6. Attend to precision. 
 
6.MP.7. Look for and make use 
of structure. 
 
6.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students construct models and nets of three dimensional figures, describing 
them by the number of edges, vertices, and faces. Solids include rectangular 
and triangular prisms. Students are expected to use the net to calculate the 
surface area. 
 
Students can create nets of 3D figures with specified dimensions using the 
Dynamic Paper Tool on NCTM’s Illuminations 
(http://illuminations.nctm.org/ActivityDetail.aspx?ID=205). 
 
Students also describe the types of faces needed to create a three-dimensional 
figure. Students make and test conjectures by determining what is needed to 
create a specific three-dimensional figure.   
 
Examples:  

• Describe the shapes of the faces needed to construct a rectangular 
pyramid. Cut out the shapes and create a model. Did your faces work? 
Why or why not? 

 
• Create the net for a given prism or pyramid, and then use the net to 

calculate the surface area. 
 

 
 

http://illuminations.nctm.org/ActivityDetail.aspx?ID=205
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Statistics and Probability (SP) 
Develop understanding of statistical variability. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.SP.1. Recognize a statistical question as one 
that anticipates variability in the data related to 
the question and accounts for it in the answers. 
For example, “How old am I?” is not a statistical 
question, but “How old are the students in my 
school?” is a statistical question because one 
anticipates variability in students’ ages. 

6.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.6. Attend to precision. 

Statistics are numerical data relating to an aggregate of individuals; statistics is 
also the name for the science of collecting, analyzing and interpreting such data. 
A statistical question anticipates an answer that varies from one individual to the 
next and is written to account for the variability in the data. Data are the numbers 
produced in response to a statistical question. Data are frequently collected from 
surveys or other sources (i.e. documents).  
 
Questions can result in a narrow or wide range of numerical values. For 
example, asking classmates “How old are the students in my class in years?” 
will result in less variability than asking “How old are the students in my class in 
months?” 
 
Students might want to know about the fitness of the students at their school. 
Specifically, they want to know about the exercise habits of the students. So 
rather than asking "Do you exercise?" they should ask about the amount of 
exercise the students at their school get per week. A statistical question for this 
study could be: “How many hours per week on average do students at Jefferson 
Middle School exercise?” 
 
To collect this information, students might design a survey question that 
anticipates variability by providing a variety of possible anticipated responses 
that have numerical answers, such as: 3 hours per week, 4 hours per week, and 
so on.  Be sure that students ask questions that have specific numerical 
answers.  



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 201 

Statistics and Probability (SP) 
Develop understanding of statistical variability. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.SP.2. Understand that a set of data collected 
to answer a statistical question has a 
distribution which can be described by its 
center, spread, and overall shape. 
 
Connection: 6-8.RST.4 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.5. Use appropriate tools 
strategically. 
 
6.MP.6. Attend to precision. 
 
6.MP.7. Look for and make use 
of structure. 

The two dot plots show the 6-trait writing scores for a group of students on two 
different traits, organization and ideas. The center, spread and overall shape can 
be used to compare the data sets. Students consider the context in which the 
data were collected and identify clusters, peaks, gaps, and symmetry. Showing 
the two graphs vertically rather than side by side helps students make 
comparisons. For example, students would be able to see from the display of the 
two graphs that the ideas scores are generally higher than the organization 
scores. One observation students might make is that the scores for organization 
are clustered around a score of 3 whereas the scores for ideas are clustered 
around a score of 5. 
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Statistics and Probability (SP) 
Develop understanding of statistical variability. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.SP.3. Recognize that a measure of center for 
a numerical data set summarizes all of its 
values with a single number, while a measure of 
variation describes how its values vary with a 
single number. 
 
Connection: 6-8.RST.4 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.5. Use appropriate tools 
strategically. 
 
6.MP.6. Attend to precision. 
 
6.MP.7. Look for and make use 
of structure. 

When using measures of center (mean, median, and mode) and range, students 
are describing a data set in a single number. The range provides a single 
number that describes how the values vary across the data set. The range can 
also be expressed by stating the minimum and maximum values.  
 
Example: 

• Consider the data shown in the dot plot of the six trait scores for 
organization for a group of students.  
o How many students are represented in the data set?  
o What are the mean, median, and mode of the data set? What do these 

values mean? How do they compare? 
o What is the range of the data? What does this value mean? 
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Statistics and Probability (SP) 
Summarize and describe distributions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
6.SP.4. Display numerical data in plots on a 
number line, including dot plots, histograms, 
and box plots. 
 
Connections: 6-8.RST.7; ET06-S6C2-03; 
SC06-S1C4-01; SC06-S1C4-02; 
SS06-S1C1-02; SS06-S1C2-02; 
SS06-S1C4-01 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.5. Use appropriate tools 
strategically. 
 
6.MP.6. Attend to precision. 
 
6.MP.7. Look for and make use 
of structure. 

In order to display numerical data in dot plots, histograms or box plots, students 
need to make decisions and perform calculations. Students are expected to 
display data graphically in a format appropriate for that data set as well as 
reading data from graphs generated by others students or contained in 
reference materials. Students can use applets to create data displays. Examples 
of applets include the Box Plot Tool and Histogram Tool on NCTM’s 
Illuminations.  
Box Plot Tool - http://illuminations.nctm.org/ActivityDetail.aspx?ID=77 
Histogram Tool -- http://illuminations.nctm.org/ActivityDetail.aspx?ID=78 
 
Dot plots are simple plots on a number line where each dot represents a piece of 
data in the data set. Dot plots are suitable for small to moderate size data sets 
and are useful for highlighting the distribution of the data including clusters, 
gaps, and outliers. 
 
In most real data sets, there is a large amount of data and many numbers will be 
unique. A graph (such as a dot plot) that shows how many ones, how many 
twos, etc. would not be meaningful; however, a histogram can be used. Students 
organize the data into convenient ranges and use these intervals to generate a 
frequency table and histogram. Note that changing the size of the range 
changes the appearance of the graph and the conclusions you may draw from it. 
 
Box plots are another useful way to display data and are plotted horizontally or 
vertically on a number line. Box plots are generated from the five number 
summary of a data set consisting of the minimum, maximum, median, and two 
quartile values. Students can readily compare two sets of data if they are 
displayed with side by side box plots on the same scale. Box plots display the 
degree of spread of the data and the skewness of the data. 
 
 
 
 
Examples: 

• Nineteen students completed a writing sample that was scored using the 
six traits rubric. The scores for the trait of organization were 0, 1, 2, 2, 3, 
3, 3, 3, 3, 3, 4, 4, 4, 4, 5, 5, 5, 6, 6. Create a data display. What are 
some observations that can be made from the data display? 

 
 

http://illuminations.nctm.org/ActivityDetail.aspx?ID=77
http://illuminations.nctm.org/ActivityDetail.aspx?ID=78
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Statistics and Probability (SP) 
Summarize and describe distributions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

                               
• Grade 6 students were collecting data for a math class project. They 

decided they would survey the other two grade 6 classes to determine 
how many DVDs each student owns. A total of 48 students were 
surveyed. The data are shown in the table below in no specific order. 
Create a data display. What are some observations that can be made 
from the data display? 

 

11 21 5 12 10 31 19 13 23 33 
10 11 25 14 34 15 14 29 8 5 
22 26 23 12 27 4 25 15 7  
2 19 12 39 17 16 15 28 16  

 

A histogram using 5 ranges (0-9, 10-19, …30-39) to organize the data is 
displayed below.     

                                          
• Ms. Wheeler asked each student in her class to write their age in months 

on a sticky note.  The 28 students in the class brought their sticky note 
to the front of the room and posted them in order on the white board. 
The data set is listed below in order from least to greatest. Create a data 
display. What are some observations that can be made from the data 
display?  

 
130 130 131 131 132 132 132 133 134 136 
137 137 138 139 139 139 140 141 142 142 
142 143 143 144 145 147 149 150   
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Statistics and Probability (SP) 
Summarize and describe distributions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
Five number summary 
Minimum – 130 months 
Quartile 1 (Q1) – (132 + 133) ÷ 2 = 132.5 months 
Median (Q2) – 139 months 
Quartile 3 (Q3) – (142 + 143) ÷ 2 = 142.5 months 
Maximum – 150 months 
 

 
This box plot shows that 

• ¼ of the students in the class are from 130 to 132.5 months old 
• ¼ of the students in the class are from 142.5 months to 150 months old 
• ½ of the class are from 132.5 to 142.5 months old 
• the median class age is 139 months. 

 
 
 

6.SP.5. Summarize numerical data sets in 
relation to their context, such as by: 
a. Reporting the number of observations. 
b. Describing the nature of the attribute under 

investigation, including how it was 
measured and its units of measurement 

c. Giving quantitative measures of center 
(median and/or mean) and variability 
(interquartile range and/or mean absolute 
deviation), as well as describing any overall 
pattern and any striking deviations from the 
overall pattern with reference to the context 
in which the data were gathered. 

d. Relating the choice of measures of center 

6.MP.2. Reason abstractly and 
quantitatively. 
 
6.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
6.MP.4. Model with 
mathematics. 
 
6.MP.5. Use appropriate tools 
strategically. 
 
6.MP.6. Attend to precision. 

Students summarize numerical data by providing background information about 
the attribute being measured, methods and unit of measurement, the context of 
data collection activities, the number of observations, and summary statistics. 
Summary statistics include quantitative measures of center, spread, and 
variability including extreme values (minimum and maximum), mean, median, 
mode, range, quartiles, interquartile ranges, and mean absolute deviation.  
 

The measure of center that a student chooses to describe a data set will depend 
upon the shape of the data distribution and context of data collection. The mode 
is the value in the data set that occurs most frequently. The mode is the least 
frequently used as a measure of center because data sets may not have a 
mode, may have more than one mode, or the mode may not be descriptive of 
the data set. The mean is a very common measure of center computed by 
adding all the numbers in the set and dividing by the number of values. The 
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Statistics and Probability (SP) 
Summarize and describe distributions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

and variability to the shape of the data 
distribution and the context in which the 
data were gathered. 

 
Connections: 6-8.WHST.2a-f; ET06-S6C2-03 

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

mean can be affected greatly by a few data points that are very low or very high. 
In this case, the median or middle value of the data set might be more 
descriptive. In data sets that are symmetrically distributed, the mean and median 
will be very close to the same. In data sets that are skewed, the mean and 
median will be different, with the median frequently providing a better overall 
description of the data set. 
 

Understanding the Mean 
The mean measures center in the sense that it is the value that each data point 
would take on if the total of the data values were redistributed equally, and also 
in the sense that it is a balance point. Students develop understanding of what 
the mean represents by redistributing data sets to be level or fair. The leveling 
process can be connected to and used to develop understanding of the 
computation of the mean. 
 

For example, students could generate a data set by measuring the number of 
jumping jacks they can perform in 5 seconds, the length of their feet to the 
nearest inch, or the number of letters in their names. It is best if the data 
generated for this activity are 5 to 10 data points which are whole numbers 
between 1 and 10 that are easy to model with counters or stacking cubes. 
Students generate a data set by drawing eight student names at random from  
the popsicle stick cup. The number of letters in each of the names is used to 
create the data set. If the names drawn were Carol, Mike, Maria, Luis, Monique, 
Sierra, John, and Karen there would be 3 names with 4 letters each, 3 names 
with 5 letters each, 1 name with 6 letters and 1 name with 7 letters. 
This data set could be represented with stacking cubes. 
 
 
 
 
 
 
 
 
 
Students can model the mean by “leveling” the stacks or distributing the blocks 
so the stacks are “fair”. Students are seeking to answer the question “If all of the 
students had the same number of letters in their name, how many letters would 
each person have?” 
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Statistics and Probability (SP) 
Summarize and describe distributions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

One block from the stack of six and two blocks from the stack of 7 can be moved 
down to the stacks of 4 and then all the stacks have five blocks. If all students 
had the same number of letters in their name, they would have five letters. The 
mean number of letters in a name in this data set is 5. 
 
 
  
 
 
 
If it was not possible to make the stacks exactly even, students could begin to 
consider what part of the extra blocks each stack would have. 
 
Understanding Mean Absolute Deviation 
The use of mean absolute deviation in 6th grade is mainly exploratory. The 
intent is to build a deeper understanding of variability.  Students would 
understand the mean distance between the pieces of data and the mean of the 
data set expresses the spread of the data set. Students can see that the larger 
the mean distance, the greater the variability. Comparisons can be made 
between different data sets.  
 

In the previous data set, the names drawn were Carol, Mike, Maria, Luis, 
Monique, Sierra, John, and Karen. There were 3 names with 4 letters each, 3 
names with 5 letters each, 1 name with 6 letters and 1 name with 7 letters. This 
data can be represented on a dot plot. The mean of the data set is 5. 
 
 
 
 
 
 
 
 

To find the mean absolute deviation, students examine each of the data points 
and its difference from the mean. This analysis can be represented on the dot 
plot itself or in a table. Each of the names with 4 letters has one fewer letter than 
the mean, each of the names with 5 letters has zero difference in letters as 
compared to the mean, each of the names with 6 letters has one more letter 
than the mean, and each of the names with 7 letters has two more letters than 
the mean.  

3 4 5 6 7 8 
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Statistics and Probability (SP) 
Summarize and describe distributions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

The absolute deviations are the absolute value of each difference. 
 

 
 
 
 
 
 
 
 
 

Name Number of letters in 
a name 

Deviation from 
the Mean 

Absolute Deviation 
from the Mean 

John 4 -1 1 
Luis 4 -1 1 
Mike 4 -1 1 
Carol 5 0 0 
Maria 5 0 0 
Karen 5 0 0 
Sierra 6 +1 1 
Monique 7 +2 2 
Total 40 0 6 

 

The mean of the absolute deviations is found by summing the absolute 
deviations and dividing by the number of data points. In this case, the mean 
absolute deviation would be 6 ÷ 8 or ¾ or 0.75. The mean absolute deviation is 
a small number, indicating that there is little variability in the data set. 
 

Consider a different data set also containing 8 names. If the names were Sue, 
Joe, Jim, Amy, Sabrina, Monique, Timothy, and Adelita. Summarize the data set 
and its variability. How does this compare to the first data set? 
 

The mean of this data set is still 5.       5
8
40

8
)7773333(

==
++++++  

 
Name Number of letters in 

a name 
Deviation from 

the Mean 
Absolute Deviation 

from the Mean 
Sue 3 -2 2 
Joe 3 -2 2 
Jim 3 -2 2 
Amy 3 -2 2 
Sabrina 7 +2 2 
Timothy 7 +2 2 
Adelita 7 +2 2 
Monique 7 +2 2 

3 4 5 6 7 8 

-1 

-1 

-1 

0 

0 

0 

+1 +2 

Deviations 
from the 
mean 

3 4 5 6 7 8 

1 

1 

1 

0 

0 

0 

1 2 

Absolute 
Deviations 
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Statistics and Probability (SP) 
Summarize and describe distributions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

Total 40 0 16 
 

The mean deviation of this data set is 16 ÷ 8 or 2. Although the mean is the 
same, there is much more variability in this data set. 
 
Understanding Medians and Quartiles   
Students can also summarize and describe the center and variability in data sets 
using the median and a five number summary consisting of the minimum, 
quartiles, and maximum as seen in the box plot example in 6.SP.4. The median 
is the middle number of the data set with half the number below the median and 
half the numbers above the median. The quartiles partition the data set into four 
parts by dividing each of the halves of the data set into half again. Quartile 1 (Q1 
or the lower quartile) is the middle value of the lower half of the data set and 
quartile 3 (Q3 or the upper quartile) is the middle value of the upper half of the 
data set. The median can also be referred to as quartile 2 (Q2). The range of the 
data is the difference between the minimum and maximum values. The 
interquartile range of the data is the difference between the lower and upper 
quartiles (Q3 – Q1). The interquartile range is a measure of the dispersion or 
spread of the data set: a small value indicates values that are clustered near the 
median whereas a larger value indicates values that are more distributed. 
 

Consider the first data set again. Recall that the names drawn were Carol, Mike, 
Maria, Luis, Monique, Sierra, John, and Karen. The data set can be represented 
in a numerical list. To find the median and quartile, the values are placed in 
order from least to greatest. 
 

5 4 5 4 7 6 4 5                       4 4 4 5 5 5 6 7 
 

The middle value in the ordered data set is the median. If there are an even 
number of values, the median is the mean of the middle two values. In this case, 
the median would be 5 because 5 is the average of the 4th and 5th values which 
are both 5. Students find quartile 1 (Q1) by examining the lower half of the data. 
Again there are 4 values which is an even number of values. Q1 would be the 
average of the 2nd and 3rd value in the data set or 4. Students find quartile 3 (Q3) 
by examining the upper half of the data. Q3 would be the average of the 6th and 
7th value in the data set or 5.5. The mean of the data set was 5 and the median 
is also 5, showing that the values are probably clustered close to the mean. The 
interquartile range is 1.5 (5.5 – 4). The interquartile range is small, showing little 
variability in the data. 
 
 
 Median = 5 

Q1 = 4 Q3 = 5.5 

4 4 4 5 5 5 6 7 
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Statistics and Probability (SP) 
Summarize and describe distributions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 

 
Standards for Mathematical Practice 
Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

  In grade 6, students solve problems involving ratios and rates and discuss how they solved 
them. Students solve real world problems through the application of algebraic and geometric 
concepts. Students seek the meaning of a problem and look for efficient ways to represent and 
solve it. They may check their thinking by asking themselves, “What is the most efficient way to 
solve the problem?”, “Does this make sense?”, and “Can I solve the problem in a different way?”. 

6.MP.2. Reason abstractly 
and quantitatively. 
 

 In grade 6, students represent a wide variety of real world contexts through the use of real 
numbers and variables in mathematical expressions, equations, and inequalities. Students 
contextualize to understand the meaning of the number or variable as related to the problem and 
decontextualize to manipulate symbolic representations by applying properties of operations. 

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

 In grade 6, students construct arguments using verbal or written explanations accompanied by 
expressions, equations, inequalities, models, and graphs, tables, and other data displays (i.e. 
box plots, dot plots, histograms, etc.). They further refine their mathematical communication 
skills through mathematical discussions in which they critically evaluate their own thinking and 
the thinking of other students. They pose questions like “How did you get that?”, “Why is that 
true?” “Does that always work?” They explain their thinking to others and respond to others’ 
thinking. 

6.MP.4. Model with 
mathematics. 
 

 In grade 6, students model problem situations symbolically, graphically, tabularly, and 
contextually. Students form expressions, equations, or inequalities from real world contexts and 
connect symbolic and graphical representations. Students begin to explore covariance and 
represent two quantities simultaneously. Students use number lines to compare numbers and 
represent inequalities. They use measures of center and variability and data displays (i.e. box 
plots and histograms) to draw inferences about and make comparisons between data sets. 
Students need many opportunities to connect and explain the connections between the different 
representations. They should be able to use all of these representations as appropriate to a 
problem context. 
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Standards for Mathematical Practice 
Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

6.MP.5. Use appropriate 
tools strategically. 

 Students consider available tools (including estimation and technology) when solving a 
mathematical problem and decide when certain tools might be helpful. For instance, students in 
grade 6 may decide to represent similar data sets using dot plots with the same scale to visually 
compare the center and variability of the data. Additionally, students might use physical objects 
or applets to construct nets and calculate the surface area of three-dimensional figures. 

6.MP.6. Attend to 
precision. 

 In grade 6, students continue to refine their mathematical communication skills by using clear 
and precise language in their discussions with others and in their own reasoning. Students use 
appropriate terminology when referring to rates, ratios, geometric figures, data displays, and 
components of expressions, equations or inequalities. 

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

 Students routinely seek patterns or structures to model and solve problems. For instance, 
students recognize patterns that exist in ratio tables recognizing both the additive and 
multiplicative properties. Students apply properties to generate equivalent expressions  
(i.e. 6 + 2x = 2 (3 + x) by distributive property) and solve equations (i.e. 2c + 3 = 15, 2c = 12 by 
subtraction property of equality; c=6 by division property of equality). Students compose and 
decompose two- and three-dimensional figures to solve real world problems involving area and 
volume. 

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

 In grade 6, students use repeated reasoning to understand algorithms and make generalizations 
about patterns. During multiple opportunities to solve and model problems, they may notice that 
a/b ÷ c/d = ad/bc and construct other examples and models that confirm their generalization. 
Students connect place value and their prior work with operations to understand algorithms to 
fluently divide multi-digit numbers and perform all operations with multi-digit decimals. Students 
informally begin to make connections between covariance, rates, and representations showing 
the relationships between quantities. 
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6th Grade Team/Department and Course Outcomes  
6-8 TEAM/DEPARTMENT OUTCOMES: 

1. Students will be able to understand, analyze and connect ratio and proportions in equations, mathematical problems and real-world 
applications. (RP) (EE) 

2. Students will be able to apply and extend understandings of rational numbers and fractions to operations including approximate irrational 
numbers using rational numbers. (NS) 

3. Students will be able to analyze and solve linear expressions, equations and pairs of simultaneous equations in mathematical and real-world 
application. (EE) 

4. Students will be able to solve real-world and mathematical problems involving angle measure, area, surface area, and volume of geometric 
figures. (G) 

5. Students will be able to analyze data to recognize statistical variability, distributions, chance processes and patterns in bivariate data. (SP) 
 
6TH GRADE COURSE OUTCOMES: 

1. Students will be able to demonstrate understanding of the concept of a ratio and use ratio language to describe a ratio relationship between 
two quantities and solve real world problems. (RP) 

2. Students will be able to apply and extend previous understandings of multiplication and division to divide fractions by fractions. (NS) 
3. Students will be able to fluently add, subtract, multiply, and divide multi-digit numbers and decimals using the standard algorithm for each 

operation. (NS) 
4. Students will be able to solve real world mathematical problems by applying and extending previous understandings of numbers to the 

system of rational numbers. (NS) 
5. Students will be able to read, write, and evaluate expressions in which letters stand for numbers. (EE) 
6. Students will be able to apply the properties of operations to generate equivalent expressions. (EE) 
7. Students will be able to reason about and solve one-variable equations and inequalities. (EE) 
8. Students will be able to solve real-world and mathematical problems involving area, surface area, and volume. (G) 
9. Students will be able to represent and analyze quantitative relationships between dependent and independent variables. (EE) 
10. Students will be able to summarize, describe, and display statistical distributions in relation to their context. (SP) 
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6th Grade Unit Concepts and Goals  
(1)  (Reference Standards NS.2, NS.3) 

• Unit Concept – Adding, Subtracting, Multiplying and Dividing Decimal Numbers 
• Unit Goal – Students will be able to add, subtract, multiply and divide problems involving whole numbers and decimals of any place value. 

(2)  (Reference Standards RP.1, RP.2, RP.3, NS.1, NS.4) 
• Unit Concept – Ratios, Rates and Proportions 
• Unit Goal – Students will be able to identify and solve ratios, rates and proportions in real life scenarios demonstrating the knowledge of 

relationships formed from rates, ratios and proportions.   
(3)  (Reference Standards NS.5, NS.6, NS.7, NS.9) 

• Unit Concept – Rational Numbers and the Number Line 
• Unit Goal – Students will be able to manipulate rational numbers on a number line and in real life contextual situations to solve problems. 

(4)  (Reference Standards EE.1, EE.2, EE.3, EE.4, EE.6) 
• Unit Concept – Introduction to  Algebra:  Algebraic Expressions 
• Unit Goal – Students will be able to create algebraic expressions from a given context and apply the properties of operations to generate 

equivalent expressions. 
(5)  (Reference Standards EE.5, EE.7, EE.8, EE.9) 

• Unit Concept – Algebra: Equations and Inequalities 
• Unit Goal – Students will be able to formulate and solve one variable equations and inequalities. 

(6)  (Reference Standards G.1, G.2, G.3, G.4) 
• Unit Concept – Area, Surface Area and Volume 
• Unit Goal – Students will be able to calculate the area, surface area and volume of various one dimensional and 3 dimensional shapes. 

(7)  (Reference Standards SP.1, SP.2, SP.3, SP.4) 
•    Unit Concept – Statistical Variability 
• Unit Goal – Students will be able to create a display of statistical data in an appropriate format, and analyze and draw conclusions from a 

given set of data. 
(8)  (Reference Standards SP.3, SP.5) 

•    Unit Concept –  Analyzing Statistical Data 
• Unit Goal – Students will be able to evaluate sets of data to determine measures of variability. 

(9)  (Reference Standards NS.6, NS.8, G.3) 
•    Unit Concept –  Coordinate Plane 
• Unit Goal – Students will be able to plot points on all four quadrants of a coordinate plane and use them to solve real world applications. 
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Grade 7 Overview 

 
Ratios and Proportional Relationships (RP) 

• Analyze proportional relationships and use them to solve real-
world and mathematical problems. 

 
The Number System (NS) 

• Apply and extend previous understandings of operations with 
fractions to add, subtract, multiply, and divide rational numbers. 

 
Expressions and Equations (EE) 

• Use properties of operations to generate equivalent expressions. 
• Solve real-life and mathematical problems using numerical and 

algebraic expressions and equations. 
 
Geometry (G) 

• Draw, construct and describe geometrical figures and describe the 
relationships between them. 

• Solve real-life and mathematical problems involving angle 
measure, area, surface area, and volume. 

 
Statistics and Probability (SP) 

• Use random sampling to draw inferences about a population. 
• Draw informal comparative inferences about two populations. 
• Investigate chance processes and develop, use, and evaluate 

probability models. 

Mathematical Practices (MP) 
49. Make sense of problems and persevere in solving them. 
50. Reason abstractly and quantitatively. 
51. Construct viable arguments and critique the reasoning of others. 
52. Model with mathematics. 
53. Use appropriate tools strategically. 
54. Attend to precision. 
55. Look for and make use of structure. 
56. Look for and express regularity in repeated reasoning. 
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In Grade 7, instructional time should focus on four critical areas: (1) developing understanding of and applying proportional relationships; (2) 
developing understanding of operations with rational numbers and working with expressions and linear equations; (3) solving problems involving 
scale drawings and informal geometric constructions, and working with two- and three-dimensional shapes to solve problems involving area, 
surface area, and volume; and (4) drawing inferences about populations based on samples. 
 
(1) Students extend their understanding of ratios and develop understanding of proportionality to solve single- and multi-step problems. Students 
use their understanding of ratios and proportionality to solve a wide variety of percent problems, including those involving discounts, interest, taxes, 
tips, and percent increase or decrease. Students solve problems about scale drawings by relating corresponding lengths between the objects or by 
using the fact that relationships of lengths within an object are preserved in similar objects. Students graph proportional relationships and 
understand the unit rate informally as a measure of the steepness of the related line, called the slope. They distinguish proportional relationships 
from other relationships. 
 
(2) Students develop a unified understanding of number, recognizing fractions, decimals (that have a finite or a repeating decimal representation), 
and percents as different representations of rational numbers. Students extend addition, subtraction, multiplication, and division to all rational 
numbers, maintaining the properties of operations and the relationships between addition and subtraction, and multiplication and division. By 
applying these properties, and by viewing negative numbers in terms of everyday contexts (e.g., amounts owed or temperatures below zero), 
students explain and interpret the rules for adding, subtracting, multiplying, and dividing with negative numbers. They use the arithmetic of rational 
numbers as they formulate expressions and equations in one variable and use these equations to solve problems. 
 
(3) Students continue their work with area from Grade 6, solving problems involving the area and circumference of a circle and surface area of 
three-dimensional objects. In preparation for work on congruence and similarity in Grade 8 they reason about relationships among two-dimensional 
figures using scale drawings and informal geometric constructions, and they gain familiarity with the relationships between angles formed by 
intersecting lines. Students work with three-dimensional figures, relating them to two-dimensional figures by examining cross-sections. They solve 
real-world and mathematical problems involving area, surface area, and volume of two- and three-dimensional objects composed of triangles, 
quadrilaterals, polygons, cubes and right prisms. 
 
(4) Students build on their previous work with single data distributions to compare two data distributions and address questions about differences 
between populations. They begin informal work with random sampling to generate data sets and learn about the importance of representative 
samples for drawing inferences. 
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Ratios of Proportional Relationships (RP) 
Analyze proportional relationships and use them to solve real-world and mathematical problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.RP.1. Compute unit rates associated with 
ratios of fractions, including ratios of lengths, 
areas and other quantities measured in like or 
different units. For example, if a person walks ½ 
mile in each ¼ hour, compute the unit rate as 
the complex fraction ½/¼ miles per hour, 
equivalently 2 miles per hour. 
 
Connections: 6-8.RST.7; SC07-S1C2-04;  
ET07-S1C1-01 

7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.6. Attend to precision. 

 

7.RP.2. Recognize and represent proportional 
relationships between quantities. 
a. Decide whether two quantities are in a 

proportional relationship, e.g., by testing for 
equivalent ratios in a table or graphing on a 
coordinate plane and observing whether the 
graph is a straight line through the origin. 

b. Identify the constant of proportionality (unit 
rate) in tables, graphs, equations, 
diagrams, and verbal descriptions of 
proportional relationships. 

c. Represent proportional relationships by 
equations. For example, if total cost t is 
proportional to the number n of items 
purchased at a constant price p, the 
relationship between the total cost and the 
number of items can be expressed as              
t = pn. 

d. Explain what a point (x, y) on the graph of a 
proportional relationship means in terms of 
the situation, with special attention to the 
points (0, 0) and (1, r) where r is the unit 
rate. 

 
Connections: 6-8.WHST.2c-f; 6-8.WHST.1c;  
6-8.RST.7; 6-8.RST.4; ET07-S6C2-03;  
ET07-S1C1-01; SC07-S1C4-01;  
SC07-S2C2-03 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 
 
7.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students may use a content web site and/or interactive white board to create 
tables and graphs of proportional or non-proportional relationships. Graphing 
proportional relationships represented in a table helps students recognize that 
the graph is a line through the origin (0,0) with a constant of proportionality equal 
to the slope of the line. 
 

Examples: 
• A student is making trail mix. Create a graph to determine if the quantities 

of nuts and fruit are proportional for each serving size listed in the table. 
If the quantities are proportional, what is the constant of proportionality 
or unit rate that defines the relationship? Explain how you determined 
the constant of proportionality and how it relates to both the table and 
graph.     

                                                                           

The relationship is proportional. For each of the other serving sizes there are 2 
cups of fruit for every 1 cup of nuts (2:1).  
Continued on next page 
The constant of proportionality is shown in the first column of the table and by 
the slope of the line on the graph. 
 
 

Serving Size 1 2 3 4 
Cups of Nuts (x) 1 2 3 4 
Cups of Fruit (y) 2 4 6 8 
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Ratios of Proportional Relationships (RP) 
Analyze proportional relationships and use them to solve real-world and mathematical problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• The graph below represents the cost of gum packs as a unit rate of $2 
dollars for every pack of gum. The unit rate is represented as $2/pack. 
Represent the relationship using a table and an equation. 

 
Table: 
Number of Packs of Gum (g) Cost in Dollars (d) 
0 0 
1 2 
2 4 
3 6 
4 8 

 

Equation: 2g = d, where d is the cost in dollars and g is the packs of gum 
 
A common error is to reverse the position of the variables when writing 
equations. Students may find it useful to use variables specifically related to the 
quantities rather than using x and y. Constructing verbal models can also be 
helpful. A student might describe the situation as “the number of packs of gum 
times the cost for each pack is the total cost in dollars”. They can use this verbal 
model to construct the equation. Students can check their equation by 
substituting values and comparing their results to the table. The checking 
process helps student revise and recheck their model as necessary. The 
number of packs of gum times the cost for each pack is the total cost  
(g x 2 = d). 

7.RP.3. Use proportional relationships to solve 
multistep ratio and percent problems. 
Examples: simple interest, tax, markups and 
markdowns, gratuities and commissions, fees, 
percent increase and decrease, percent error. 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 

Students should be able to explain or show their work using a representation 
(numbers, words, pictures, physical objects, or equations) and verify that their 
answer is reasonable. Models help students to identify the parts of the problem 
and how the values are related. For percent increase and decrease, students 
identify the starting value, determine the difference, and compare the difference 
in the two values to the starting value. 
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Ratios of Proportional Relationships (RP) 
Analyze proportional relationships and use them to solve real-world and mathematical problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
 
Connections: 6-8.RST.3; SS07-S5C3-01; 
SC07-S4C3-04; SC07-S4C3-05 
 

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

Examples: 
• Gas prices are projected to increase 124% by April 2015. A gallon of 

gas currently costs $4.17. What is the projected cost of a gallon of gas 
for April 2015? 
 

A student might say: “The original cost of a gallon of gas is $4.17. An 
increase of 100% means that the cost will double. I will also need to add 
another 24% to figure out the final projected cost of a gallon of gas. 
Since 25% of $4.17 is about $1.04, the projected cost of a gallon of gas 
should be around $9.40.”  

 

$4.17 + 4.17 + (0.24 • 4.17) = 2.24 x 4.17 
 

 
 
 
 
 

• A sweater is marked down 33%. Its original price was $37.50. What is 
the price of the sweater before sales tax? 
 

 
 
 
 
 
 
 
 

The discount is 33% times 37.50. The sale price of the sweater is the 
original price minus the discount or 67% of the original price of the 
sweater, or Sale Price = 0.67 x Original Price. 
 

• A shirt is on sale for 40% off. The sale price is $12. What was the 
original price? What was the amount of the discount? 
                         

 
 

 
 
 
 
 

100% 

$4.17 

100% 

$4.17 

24% 

? 

37.50 
Original Price of Sweater 

33% of 
37.50 

Discount 

67% of 37.50 
Sale price of sweater 

Discount 
40% of original price 

Sale Price - $12 
60% of original price 

Original Price (p) 
0.60p = 12 
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Ratios of Proportional Relationships (RP) 
Analyze proportional relationships and use them to solve real-world and mathematical problems. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• At a certain store, 48 television sets were sold in April. The manager at 
the store wants to encourage the sales team to sell more TVs and is 
going to give all the sales team members a bonus if the number of TVs 
sold increases by 30% in May. How many TVs must the sales team sell 
in May to receive the bonus?  Justify your solution. 

 
• A salesperson set a goal to earn $2,000 in May. He receives a base 

salary of $500 as well as a 10% commission for all sales. How much 
merchandise will he have to sell to meet his goal?  
 
After eating at a restaurant, your bill before tax is $52.60 The sales tax 
rate is 8%. You decide to leave a 20% tip for the waiter based on the 
pre-tax amount. How much is the tip you leave for the waiter? How 
much will the total bill be, including tax and tip? Express your solution as 
a multiple of the bill. 
The amount paid = 0.20 x $52.50 + 0.08 x $52.50 = 0.28 x $52.50 
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The Number System (NS) 
Apply and extend previous understandings of operations with fractions to add, subtract, multiply, and divide rational numbers. 
Standards Mathematical Practices Explanations and Examples 

Students are expected to:   
7.NS.1. Apply and extend previous 
understandings of addition and subtraction to 
add and subtract rational numbers; represent 
addition and subtraction on a horizontal or 
vertical number line diagram. 
a. Describe situations in which opposite 

quantities combine to make 0. For example, 
a hydrogen atom has 0 charge because its 
two constituents are oppositely charged. 

b. Understand p + q as the number located a 
distance |q| from p, in the positive or 
negative direction depending on whether q 
is positive or negative. Show that a number 
and its opposite have a sum of 0 (are 
additive inverses). Interpret sums of rational 
numbers by describing real-world contexts. 

c. Understand subtraction of rational numbers 
as adding the additive inverse, p – q = p + 
(–q). Show that the distance between two 
rational numbers on the number line is the 
absolute value of their difference, and apply 
this principle in real-world contexts. 

d. Apply properties of operations as strategies 
to add and subtract rational numbers. 

 
Connections: 6-8.WHST.2f; 6-8.WHST.2b;  
6-8.RST.3; 6-8.RST.7; ET07-S1C1-01;  
SS07-S4C5-04 
 

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

Visual representations may be helpful as students begin this work; they become 
less necessary as students become more fluent with the operations.  
 
Examples: 

• Use a number line to illustrate: 
o p - q 
o p + (- q) 
o Is this equation true p – q = p + (-q)  

 
• -3 and 3 are shown to be opposites on the number line because they 

are equal distance from zero and therefore have the same absolute 
value and the sum of the number and it’s opposite is zero. 

 

 
 

• You have $4 and you need to pay a friend $3. What will you have after 
paying your friend? 

4 + (-3) = 1 or (-3) + 4 = 1 
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The Number System (NS) 
Apply and extend previous understandings of operations with fractions to add, subtract, multiply, and divide rational numbers. 
Standards Mathematical Practices Explanations and Examples 

Students are expected to:   
7.NS.2. Apply and extend previous 
understandings of multiplication and division 
and of fractions to multiply and divide rational 
numbers. 
a. Understand that multiplication is extended 

from fractions to rational numbers by 
requiring that operations continue to satisfy 
the properties of operations, particularly the 
distributive property, leading to products 
such as (–1)(–1) = 1 and the rules for 
multiplying signed numbers. Interpret 
products of rational numbers by describing 
real-world contexts. 

b. Understand that integers can be divided, 
provided that the divisor is not zero, and 
every quotient of integers (with non-zero 
divisor) is a rational number. If p and q are 
integers, then –(p/q) = (–p)/q = p/(–q). 
Interpret quotients of rational numbers by 
describing real-world contexts. 

c. Apply properties of operations as strategies 
to multiply and divide rational numbers. 

d. Convert a rational number to a decimal 
using long division; know that the decimal 
form of a rational number terminates in 0s 
or eventually repeats. 

 
Connections: 6-8.RST.4; 6-8.RST.5;  
SC07-S1C3-01; SS07-S5C3-04 

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

Multiplication and division of integers is an extension of multiplication and 
division of whole numbers.  
 

Examples: 
• Examine the family of equations. What patterns do you see? Create a 

model and context for each of the products. 
     

Equation Number Line 
Model 

Context 

2 x 3 = 6 
 
 

 

Selling two 
posters at $3.00 
per poster 

2 x -3 = -6 

 

Spending 3 
dollars each on 
2 posters 

-2 x 3 = -6 
 
 
  

Owing 2 dollars 
to each of your 
three friends 

-2 x -3 = 6 
 
 
 

 
 

 

Forgiving 3 
debts of $2.00 
each 
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The Number System (NS) 
Apply and extend previous understandings of operations with fractions to add, subtract, multiply, and divide rational numbers. 
Standards Mathematical Practices Explanations and Examples 

Students are expected to:   
7.NS.3. Solve real-world and mathematical 
problems involving the four operations with 
rational numbers. (Computations with rational 
numbers extend the rules for manipulating 
fractions to complex fractions.) 
 
Connection: 6-8.RST.3 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 
 
7.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Examples: 
• Your cell phone bill is automatically deducting $32 from your bank 

account every month. How much will the deductions total for the year? 
 

-32 + -32 + -32 + -32 + -32 + -32 + -32 + -32 + -32 + -32 + -32 + -32 = 12 (-32) 
 

 
• It took a submarine 20 seconds to drop to 100 feet below sea level from 

the surface. What was the rate of the descent? 
 

ft/sec -5
second 1

feet 5
seconds 20

feet 100
=

−
=

−
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Expressions and Equations (EE) 
Use properties of operations to generate equivalent expressions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.EE.1. Apply properties of operations as 
strategies to add, subtract, factor, and expand 
linear expressions with rational coefficients. 
 
Connection: 6-8.RST.5 
 

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

Examples: 
• Write an equivalent expression for ( ) 253 −+x . 

 
• Suzanne thinks the two expressions ( ) aa 4232 +− and 210 −a are 

equivalent? Is she correct? Explain why or why not?  
 

• Write equivalent expressions for: 123 +a .  
 
Possible solutions might include factoring as in )4(3 +a , or other 
expressions such as 572 +++ aa . 
 

• A rectangle is twice as long as wide. One way to write an expression to 
find the perimeter would be wwww 22 +++ . Write the expression in 
two other ways.  
 
Solution: w6  OR )2(2)(2 ww + . 

 

 
 

• An equilateral triangle has a perimeter of 156 +x . What is the length of 
each of the sides of the triangle?  
 
Solution: )52(3 +x , therefore each side is 52 +x units long. 
 

 
 
 

7.EE.2. Understand that rewriting an expression 
in different forms in a problem context can shed 
light on the problem and how the quantities in it 
are related. For example, a + 0.05a = 1.05a 

7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.6. Attend to precision. 

Examples: 
• Jamie and Ted both get paid an equal hourly wage of $9 per hour. This 

week, Ted made an additional $27 dollars in overtime. Write an 
expression that represents the weekly wages of both if J = the number 
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Expressions and Equations (EE) 
Use properties of operations to generate equivalent expressions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
means that “increase by 5%” is the same as 
“multiply by 1.05.” 
 
Connections: 6-8.WHST.1b,c; 6-8.WHST.2b-c; 
6-8.RST.3; 6-8.RST.7; SS07-S5C2-09;  
SC07-S2C2-03 
 

 
7.MP.7. Look for and make use 
of structure. 
 
7.MP.8. Look for and express 
regularity in repeated 
reasoning. 

of hours that Jamie worked this week and T = the number of hours Ted 
worked this week? Can you write the expression in another way? 

 
Students may create several different expressions depending upon how they 
group the quantities in the problem. 
 
One student might say: To find the total wage, I would first multiply the number 
of hours Jamie worked by 9. Then I would multiply the number of hours Ted 
worked by 9. I would add these two values with the $27 overtime to find the total 
wages for the week. The student would write the expression 2799 ++ TJ . 
 
Another student might say: To find the total wages, I would add the number of 
hours that Ted and Jamie worked. I would multiply the total number of hours 
worked by 9. I would then add the overtime to that value to get the total wages 
for the week.  The student would write the expression  27)(9 ++ TJ  
 
A third student might say: To find the total wages, I would need to figure out how 
much Jamie made and add that to how much Ted made for the week. To figure 
out Jamie’s wages, I would multiply the number of hours she worked by 9. To 
figure out Ted’s wages, I would multiply the number of hours he worked by 9 and 
then add the $27 he earned in overtime. My final step would be to add Jamie 
and Ted wages for the week to find their combined total wages. The student 
would write the expression )279()9( ++ TJ  
 
 

• Given a square pool as shown in the picture, write four different 
expressions to find the total number of tiles in the border. Explain how 
each of the expressions relates to the diagram and demonstrate that the 
expressions are equivalent. Which expression do you think is most 
useful? Explain your thinking.  
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Expressions and Equations (EE) 
Use properties of operations to generate equivalent expressions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
 
Expressions and Equations (EE) 
Solve real-life and mathematical problems using numerical and algebraic expressions and equations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

7.EE.3. Solve multi-step real-life and 
mathematical problems posed with positive and 
negative rational numbers in any form (whole 
numbers, fractions, and decimals), using tools 
strategically. Apply properties of operations to 
calculate with numbers in any form; convert 
between forms as appropriate; and assess the 
reasonableness of answers using mental 
computation and estimation strategies. For 
example: If a woman making $25 an hour gets 
a 10% raise, she will make an additional 1/10 of 
her salary an hour, or $2.50, for a new salary of 
$27.50. If you want to place a towel bar 9 3/4 
inches long in the center of a door that is 27 1/2 
inches wide, you will need to place the bar 
about 9 inches from each edge; this estimate 
can be used as a check on the exact 
computation. 
 
Connections: 6-8.WHST.1b,c; 6-8.WHST2b;  
6-8.RST.7; ET07-S6C2-03 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 
 
7.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Estimation strategies for calculations with fractions and decimals extend from 
students’ work with whole number operations. Estimation strategies include, but 
are not limited to: 

• front-end estimation with adjusting (using the highest place value 
and estimating from the front end making adjustments to the 
estimate by taking into account the remaining amounts), 

• clustering around an average (when the values are close together 
an average value is selected and multiplied by the number of values 
to determine an estimate),  

• rounding and adjusting (students round down or round up and then 
adjust their estimate depending on how much the rounding affected 
the original values), 

• using friendly or compatible numbers such as factors (students seek 
to fit numbers together  - i.e., rounding to factors and grouping 
numbers together that have round sums like 100 or 1000), and  

• using benchmark numbers that are easy to compute (students 
select close whole numbers for fractions or decimals to determine 
an estimate). 

 
Example: 

• The youth group is going on a trip to the state fair. The trip costs $52. 
Included in that price is $11 for a concert ticket and the cost of 2 passes, 
one for the rides and one for the game booths. Each of the passes cost 
the same price. Write an equation representing the cost of the trip and 
determine the price of one pass. 

 
                                                                                               2x + 11 = 52 
                                                                                                       2x = 41 
                                                                                                         x = $20.5 
 

x x 11 

52 
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Expressions and Equations (EE) 
Solve real-life and mathematical problems using numerical and algebraic expressions and equations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

7.EE.4. Use variables to represent quantities in 
a real-world or mathematical problem, and 
construct simple equations and inequalities to 
solve problems by reasoning about the 
quantities. 
a. Solve word problems leading to equations of 

the form px+q=r and p(x+q)=r, where p, q, 
and r are specific rational numbers. Solve 
equations of these forms fluently. Compare 
an algebraic solution to an arithmetic 
solution, identifying the sequence of the 
operations used in each approach. For 
example, the perimeter of a rectangle is 54 
cm. Its length is 6 cm. What is its width? 

b. Solve word problems leading to inequalities 
of the form px+q>r or px+q < r, where p, q, 
and r are specific rational numbers. Graph 
the solution set of the inequality and 
interpret it in the context of the problem. For 
example: As a salesperson, you are paid 
$50 per week plus $3 per sale. This week 
you want your pay to be at least $100. 
Write an inequality for the number of sales 
you need to make, and describe the 
solutions. 

 
Connections: 6-8.SRT.3; 6-8.RST.4 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 
 
7.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Examples: 
• Amie had $26 dollars to spend on school supplies. After buying 10 pens, 

she had $14.30 left. How much did each pen cost? 
 

• The sum of three consecutive even numbers is 48. What is the smallest 
of these numbers? 

 

• Solve:  205
4
5

=+n   

 
• Florencia has at most $60 to spend on clothes. She wants to buy a pair 

of jeans for $22 dollars and spend the rest on t-shirts. Each t-shirt costs 
$8. Write an inequality for the number of t-shirts she can purchase. 

 
• Steven has $25 dollars. He spent $10.81, including tax, to buy a new 

DVD. He needs to set aside $10.00 to pay for his lunch next week. If 
peanuts cost $0.38 per package including tax, what is the maximum 
number of packages that Steven can buy?  
 
Write an equation or inequality to model the situation. Explain how you 
determined whether to write an equation or inequality and the properties 
of the real number system that you used to find a solution. 

 

• Solve 23
2
1

>+x and graph your solution on a number line. 
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Geometry (G) 
Draw, construct, and describe geometrical figures and describe the relationships between them. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.G.1. Solve problems involving scale drawings 
of geometric figures, such as computing actual 
lengths and areas from a scale drawing and 
reproducing a scale drawing at a different scale. 
 
Connections: 6-8.RST.7; SC07-S1C2-04; 
SS07-S4C6-03; SS07-S4C1-01; SS07-S4C1-
02; ET07-S1C1-01  
 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 
 
7.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Example:  
• Julie showed you the scale drawing of her room. If each 2 cm on the 

scale drawing equals 5 ft, what are the actual dimensions of Julie’s 
room? Reproduce the drawing at 3 times its current size. 
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Geometry (G) 
Draw, construct, and describe geometrical figures and describe the relationships between them. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.G.2. Draw (freehand, with ruler and protractor, 
and with technology) geometric shapes with 
given conditions. Focus on constructing 
triangles from three measures of angles or 
sides, noticing when the conditions determine a 
unique triangle, more than one triangle, or no 
triangle. 
 
Connections: 6-8.RST.4; 6-8.RST.7;  
6-8.WHST.2b,2f; SC07-S1C2-04; 
ET07-S1C2-01; ET07-S6C1-03 

7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 
 
7.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Conditions may involve points, line segments, angles, parallelism, congruence, 
angles, and perpendicularity.  
 
Examples: 

Is it possible to draw a triangle with a 90˚ angle and one leg that is 4 inches 
long and one leg that is 3 inches long? If so, draw one. Is there more than 
one such triangle? 
• Draw a triangle with angles that are 60 degrees. Is this a unique 

triangle? Why or why not? 
 

• Draw an isosceles triangle with only one 80 degree angle. Is this the only 
possibility or can you draw another triangle that will also meet these 
conditions? 

 

 
 

• Can you draw a triangle with sides that are 13 cm, 5 cm and 6cm?  
 

• Draw a quadrilateral with one set of parallel sides and no right angles.  
 

7.G.3. Describe the two-dimensional figures 
that result from slicing three-dimensional 
figures, as in plane sections of right rectangular 
prisms and right rectangular pyramids. 
 
Connections: 6-8.WHST.1b; 6-8.WHST.2b 

7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.7. Look for and make use 
of structure. 

Example: 
• Using a clay model of a rectangular prism, describe the shapes that are 

created when planar cuts are made diagonally, perpendicularly, and 
parallel to the base. 
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Geometry (G) 
Solve real-life and mathematical problems involving angle measure, area, surface area, and volume. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.G.4. Know the formulas for the area and 
circumference of a circle and solve problems; 
give an informal derivation of the relationship 
between the circumference and area of a circle. 
 
Connections: 6-8.WHST.1d; SC07-S2C2-03; 
ET07-S6C2-03; ET07-S1C4-01 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 
 
7.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Examples: 
• The seventh grade class is building a mini golf game for the school 

carnival. The end of the putting green will be a circle. If the circle is 10 
feet in diameter, how many square feet of grass carpet will they need to 
buy to cover the circle? How might you communicate this information to 
the salesperson to make sure you receive a piece of carpet that is the 
correct size? 

 

• Students measure the circumference and diameter of several circular 
objects in the room (clock, trash can, door knob, wheel, etc.). Students 
organize their information and discover the relationship between 
circumference and diameter by noticing the pattern in the ratio of the 
measures. Students write an expression that could be used to find the 
circumference of a circle with any diameter and check their expression 
on other circles. 

 

• Students will use a circle as a model to make several equal parts as you 
would in a pie model. The greater number the cuts, the better. The pie 
pieces are laid out to form a shape similar to a parallelogram. Students 
will then write an expression for the area of the parallelogram related to 
the radius (note: the length of the base of the parallelogram is half the 
circumference, or πr, and the height is r, resulting in an area of πr2. 
Extension: If students are given the circumference of a circle, could they 
write a formula to determine the circle’s area or given the area of a 
circle, could they write the formula for the circumference? 
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Geometry (G) 
Draw, construct, and describe geometrical figures and describe the relationships between them. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.G.5. Use facts about supplementary, 
complementary, vertical, and adjacent angles in 
a multi-step problem to write and solve simple 
equations for an unknown angle in a figure. 
 
Connection: ET07-S1C4-01 
 

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

Angle relationships that can be explored include but are not limited to:  
• Same-side (consecutive) interior and same-side (consecutive) exterior 

angles are supplementary. 
 

Examples: 
• Write and solve an equation to find the measure of angle x. 

 

           
 
• Write and solve an equation to find the measure of angle x. 
 

            
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.G.6. Solve real-world and mathematical 
problems involving area, volume and surface 
area of two- and three-dimensional objects 
composed of triangles, quadrilaterals, polygons, 

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

Students understanding of volume can be supported by focusing on the area of 
base times the height to calculate volume. Students understanding of surface 
area can be supported by focusing on the sum of the area of the faces. Nets can 
be used to evaluate surface area calculations. 
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Geometry (G) 
Draw, construct, and describe geometrical figures and describe the relationships between them. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
cubes, and right prisms. 
 
Connections: 6-8.WHST.2a; ET07-S1C4-01 
 

7.MP.2. Reason abstractly and 
quantitatively. 
 

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

7.MP.4. Model with 
mathematics. 
 

7.MP.5. Use appropriate tools 
strategically. 
 

7.MP.6. Attend to precision. 
 

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

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

 
Examples: 

• Choose one of the figures shown below and write a step by step 
procedure for determining the area. Find another person that chose 
the same figure as you did. How are your procedures the same and 
different? Do they yield the same result? 

                           
 
 
 
 
 

• A cereal box is a rectangular prism. What is the volume of the cereal 
box? What is the surface area of the cereal box? (Hint: Create a net of 
the cereal box and use the net to calculate the surface area.) Make a 
poster explaining your work to share with the class. 
 

• Find the area of a triangle with a base length of three units and a height 
of four units. 

• Find the area of the trapezoid shown below using the formulas for 
rectangles and triangles. 
 

 
 

 
 
 
 
 
 
 
 
 
 

 

12 

7 

3 
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Statistics and Probability (SP) 
Use random sampling to draw inferences about a population. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.SP.1. Understand that statistics can be used 
to gain information about a population by 
examining a sample of the population; 
generalizations about a population from a 
sample are valid only if the sample is 
representative of that population. Understand 
that random sampling tends to produce 
representative samples and support valid 
inferences. 
 
Connections: SS07-S4C4-04; SS07-S4C4-05; 
SC07-S3C1-02; SC07-S4C3-04;  
ET07-S4C2-01; ET07-S4C2-02;  
ET07-S6C2-03; 

7.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
7.MP.6. Attend to precision. 

Example: 
• The school food service wants to increase the number of students 

who eat hot lunch in the cafeteria. The student council has been 
asked to conduct a survey of the student body to determine the 
students’ preferences for hot lunch. They have determined two ways 
to do the survey. The two methods are listed below. Identify the type 
of sampling used in each survey option. Which survey option should 
the student council use and why? 

 
1. Write all of the students’ names on cards and pull them out in a 

draw to determine who will complete the survey. 
2. Survey the first 20 students that enter the lunch room. 
 

 
7.SP.2. Use data from a random sample to 
draw inferences about a population with an 
unknown characteristic of interest.  Generate 
multiple samples (or simulated samples) of the 
same size to gauge the variation in estimates or 
predictions. For example, estimate the mean 
word length in a book by randomly sampling 
words from the book; predict the winner of a 
school election based on randomly sampled 
survey data. Gauge how far off the estimate or 
prediction might be. 
 
Connections: 6-8.WHST.1b; SC07-S1C3-04; 
SC07-S1C3-05; SC07-S1C3-06;  
SC07-S1C4-05; SC07-S2C2-03; 
ET07-S1C3-01; ET07-S1C3-02; 
ET07-S4C2-02; ET07-S6C2-03 
 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 

Example: 
• Below is the data collected from two random samples of 100 students 

regarding student’s school lunch preference. Make at least two 
inferences based on the results. 
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Statistics and Probability (SP) 
Draw informal comparative inferences about two populations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.SP.3. Informally assess the degree of visual 
overlap of two numerical data distributions with 
similar variabilities, measuring the difference 
between the centers by expressing it as a 
multiple of a measure of variability. For 
example, the mean height of players on the 
basketball team is 10 cm greater than the mean 
height of players on the soccer team, about 
twice the variability (mean absolute deviation) 
on either team; on a dot plot, the separation 
between the two distributions of heights is 
noticeable. 
 
Connections: 6-8.WHST.1b; 
SC07-S1C4-01; SC07-S1C4-02; 
SC07-S1C4-03; SS07-S4C1-01; 
SS07-S4C1-02; SS07-S4C1-05; 
SS07-S4C4-06; SS07-S4C6-03; 
ET07-S1C3-01; ET07-S1C3-02; 
ET07-S4C2-01; ET07-S4C2-02; 
ET07-S6C2-03 
 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 

Students can readily find data as described in the example on sports team or 
college websites. Other sources for data include American Fact Finder (Census 
Bureau), Fed Stats, Ecology Explorers, USGS, or CIA World Factbook. 
Researching data sets provides opportunities to connect mathematics to their 
interests and other academic subjects. Students can utilize statistic functions in 
graphing calculators or spreadsheets for calculations with larger data sets or to 
check their computations. Students calculate mean absolute deviations in 
preparation for later work with standard deviations. 
 
Example: 
Jason wanted to compare the mean height of the players on his favorite 
basketball and soccer teams. He thinks the mean height of the players on the 
basketball team will be greater but doesn’t know how much greater. He also 
wonders if the variability of heights of the athletes is related to the sport they 
play. He thinks that there will be a greater variability in the heights of soccer 
players as compared to basketball players. He used the rosters and player 
statistics from the team websites to generate the following lists. 
 
Basketball Team – Height of Players in inches for 2010-2011 Season 
75, 73, 76, 78, 79, 78, 79, 81, 80, 82, 81, 84, 82, 84, 80, 84 
 
Soccer Team – Height of Players in inches for 2010 
73, 73, 73, 72, 69, 76, 72, 73, 74, 70, 65, 71, 74, 76, 70, 72, 71, 74, 71, 74, 73, 
67, 70, 72, 69, 78, 73, 76, 69 
 
To compare the data sets, Jason creates a two dot plots on the same scale. The 
shortest player is 65 inches and the tallest players are 84 inches. 
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Statistics and Probability (SP) 
Draw informal comparative inferences about two populations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 

 
 

In looking at the distribution of the data, Jason observes that there is some 
overlap between the two data sets. Some players on both teams have players 
between 73 and 78 inches tall. Jason decides to use the mean and mean 
absolute deviation to compare the data sets. Jason sets up a table for each data 
set to help him with the calculations.  
 

The mean height of the basketball players is 79.75 inches as compared to the 
mean height of the soccer players at 72.07 inches, a difference of 7.68 inches.  
 

The mean absolute deviation (MAD) is calculated by taking the mean of the 
absolute deviations for each data point. The difference between each data point 
and the mean is recorded in the second column of the table. Jason used 
rounded values (80 inches for the mean height of basketball players and 72 
inches for the mean height of soccer players) to find the differences. The 
absolute deviation, absolute value of the deviation, is recorded in the third 
column. The absolute deviations are summed and divided by the number of data 
points in the set.   

The mean absolute deviation is 2.53 inches for the basketball players and 2.14 
for the soccer players. These values indicate moderate variation in both data 
sets. There is slightly more variability in the height of the soccer players. The 
difference between the heights of the teams is approximately 3 times the 
variability of the data sets (7.68 ÷ 2.53 = 3.04). 
 

Continued on next page 
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Statistics and Probability (SP) 
Draw informal comparative inferences about two populations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

Soccer Players (n = 29)  Basketball Players (n = 16) 
Height 
(in) 

Deviation 
from Mean 
(in) 

Absolute 
Deviation 
(in) 

 Height (in) Deviation 
from Mean 
(in) 

Absolute 
Deviation 
(in) 

65 -7 7  73 -7 7 
67 -5 5  75 -5 5 
69 -3 3  76 -4 4 
69 -3 3  78 -2 2 
69 -3 3  78 -2 2 
70 -2 2  79 -1 1 
70 -2 2  79 -1 1 
70 -2 2  80 0 0 
71 -1 1  80 0 0 
71 -1 1  81 1 1 
71 -1 1  81 1 1 
72 0 0  82 2 2 
72 0 0  82 2 2 
72 0 0  84 4 4 
72 0 0  84 4 4 
73 +1 1  84 4 4 
73 +1 1     
73 +1 1     
73 +1 1     
73 +1 1     
73 +1 1     
74 +2 2     
74 +2 2     
74 +2 2     
74 +2 2     
76 +4 4     
76 +4 4     
76 +4 4     
78 +6 6     
Σ = 2090  Σ = 62  Σ = 1276  Σ = 40 

 
Mean = 2090 ÷ 29 =72 inches                 Mean = 1276 ÷ 16 =80 inches 
MAD = 62 ÷ 29 = 2.14 inches                  MAD = 40 ÷ 16 = 2.53 inches 
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Statistics and Probability (SP) 
Draw informal comparative inferences about two populations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.SP.4. Use measures of center and measures 
of variability for numerical data from random 
samples to draw informal comparative 
inferences about two populations. For example, 
decide whether the words in a chapter of a 
seventh-grade science book are generally 
longer than the words in a chapter of a fourth-
grade science book. 
 
Connections: 6-8.WHST.1b; 
ET07-S1C3-01; ET07-S1C3-02;  
ET07-S4C2-01; ET07-S4C2-02;  
ET07-S6C2-03; SC07-S1C3-01; 
SC07-S1C3-05; SC07-S1C4-03; 
SC07-S2C2-03; SC07-S4C3-04; 
SS07-S4C2-01; SS07-S4C4-06; 
SS07-S4C4-09 
 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 

Measures of center include mean, median, and mode. The measures of 
variability include range, mean absolute deviation, and interquartile range. 
 
Example: 

• The two data sets below depict random samples of the housing prices 
sold in the King River and Toby Ranch areas of Arizona. Based on the 
prices below, which measure of center will provide the most accurate 
estimation of housing prices in Arizona? Explain your reasoning. 
o King River area {1.2 million, 242000, 265500, 140000, 281000, 

265000, 211000} 
o Toby Ranch homes {5million, 154000, 250000, 250000, 200000, 

160000, 190000} 
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Statistics and Probability (SP) 
Investigate chance processes and develop, use, and evaluate probability models. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.SP.5. Understand that the probability of a 
chance event is a number between 0 and 1 that 
expresses the likelihood of the event occurring. 
Larger numbers indicate greater likelihood. A 
probability near 0 indicates an unlikely event, a 
probability around ½ indicates an event that is 
neither unlikely nor likely, and a probability near 
1 indicates a likely event. 
 
Connections: 6-8.WHST.1b; SS07-S5C1-04; 
ET07-S1C3-01; ET07-S1C3-02 
 

7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 

Probability can be expressed in terms such as impossible, unlikely, likely, or 
certain or as a number between 0 and 1 as illustrated on the number line. 
Students can use simulations such as Marble Mania on AAAS or the Random 
Drawing Tool on NCTM’s Illuminations to generate data and examine patterns. 
 
Marble Mania 
http://www.sciencenetlinks.com/interactives/marble/marblemania.html 
Random Drawing Tool - http://illuminations.nctm.org/activitydetail.aspx?id=67 
 

 
 
Example: 

• The container below contains 2 gray, 1 white, and 4 black marbles. 
Without looking, if you choose a marble from the container, will the 
probability be closer to 0 or to 1 that you will select a white marble? A 
gray marble? A black marble? Justify each of your predictions. 

 

 
 

http://www.sciencenetlinks.com/interactives/marble/marblemania.html
http://illuminations.nctm.org/activitydetail.aspx?id=67
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Statistics and Probability (SP) 
Investigate chance processes and develop, use, and evaluate probability models. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.SP.6. Approximate the probability of a chance 
event by collecting data on the chance process 
that produces it and observing its long-run 
relative frequency, and predict the approximate 
relative frequency given the probability. For 
example, when rolling a number cube 600 
times, predict that a 3 or 6 would be rolled 
roughly 200 times, but probably not exactly 200 
times. 
 
Connections: 6-8.WHST.1a; ET07-S1C2-01; 
ET07-S1C2-02; ET07-S1C2-03; 
ET07-S1C3-01; ET07-S1C3-02 
ET07-S4C2-01; ET07-S6C1-03; 
ET07-S6C2-03; SC07-S1C2-03; 
SC07-S1C2-05; SC07-S1C3-05; 
SC07-S1C4-03; SC07-S1C4-05; 
SC07-S2C2-03 
 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 

Students can collect data using physical objects or graphing calculator or web-
based simulations. Students can perform experiments multiple times, pool data 
with other groups, or increase the number of trials in a simulation to look at the 
long-run relative frequencies. 
 
Example: 
Each group receives a bag that contains 4 green marbles, 6 red marbles, and 10 
blue marbles.  Each group performs 50 pulls, recording the color of marble 
drawn and replacing the marble into the bag before the next draw. Students 
compile their data as a group and then as a class. They summarize their data as 
experimental probabilities and make conjectures about theoretical probabilities 
(How many green draws would you expect if you were to conduct 1000 pulls? 
10,000 pulls?).  
 
Students create another scenario with a different ratio of marbles in the bag and 
make a conjecture about the outcome of 50 marble pulls with replacement. (An 
example would be 3 green marbles, 6 blue marbles, 3 blue marbles.)  
 
Students try the experiment and compare their predictions to the experimental 
outcomes to continue to explore and refine conjectures about theoretical 
probability. 
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Statistics and Probability (SP) 
Investigate chance processes and develop, use, and evaluate probability models. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.SP.7. Develop a probability model and use it 
to find probabilities of events. Compare 
probabilities from a model to observed 
frequencies; if the agreement is not good, 
explain possible sources of the discrepancy. 
a. Develop a uniform probability model by 

assigning equal probability to all outcomes, 
and use the model to determine 
probabilities of events. For example, if a 
student is selected at random from a class, 
find the probability that Jane will be 
selected and the probability that a girl will 
be selected. 

b. Develop a probability model (which may not 
be uniform) by observing frequencies in 
data generated from a chance process. For 
example, find the approximate probability 
that a spinning penny will land heads up or 
that a tossed paper cup will land open-end 
down. Do the outcomes for the spinning 
penny appear to be equally likely based on 
the observed frequencies? 

 
Connections: 6-8.WHST.2d; SC07-S1C2-02; 
ET07-S1C2-01; ET07-S1C2-02; 
ET07-S1C2-03; ET07-S1C3-01; 
ET07-S1C3-02; ET07-S4C2-01; 
ET07-S4C2-02; ET07-S6C1-03; 
ET07-S6C2-03 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.6. Attend to precision. 
 
7.MP.7. Look for and make use 
of structure. 
 
7.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Students need multiple opportunities to perform probability experiments and 
compare these results to theoretical probabilities. Critical components of the 
experiment process are making predictions about the outcomes by applying the 
principles of theoretical probability, comparing the predictions to the outcomes of 
the experiments, and replicating the experiment to compare results. Experiments 
can be replicated by the same group or by compiling class data. Experiments 
can be conducted using various random generation devices including, but not 
limited to, bag pulls, spinners, number cubes, coin toss, and colored chips. 
Students can collect data using physical objects or graphing calculator or web-
based simulations. Students can also develop models for geometric probability 
(i.e. a target). 
 
Example:  

• If you choose a point in the square, what is the probability that it is not in 
the circle?  
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Statistics and Probability (SP) 
Investigate chance processes and develop, use, and evaluate probability models. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
7.SP.8. Find probabilities of compound events 
using organized lists, tables, tree diagrams, and 
simulation. 
a. Understand that, just as with simple events, 

the probability of a compound event is the 
fraction of outcomes in the sample space 
for which the compound event occurs. 

b. Represent sample spaces for compound 
events using methods such as organized 
lists, tables and tree diagrams. For an event 
described in everyday language (e.g., 
“rolling double sixes”), identify the 
outcomes in the sample space which 
compose the event. 

c. Design and use a simulation to generate 
frequencies for compound events. For 
example, use random digits as a simulation 
tool to approximate the answer to the 
question: If 40% of donors have type A 
blood, what is the probability that it will take 
at least 4 donors to find one with type A 
blood? 
 

Connections: 6-8.WHST.2d; ET07-S1C2-01; 
ET07-S1C2-02; ET07-S1C2-03; 
SC07-S1C4-03; SC07-S1C4-05; 
SC07-S1C2-02; SC07-S1C2-03 

 

7.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
7.MP.2. Reason abstractly and 
quantitatively. 
 
7.MP.4. Model with 
mathematics. 
 
7.MP.5. Use appropriate tools 
strategically. 
 
7.MP.7. Look for and make use 
of structure. 
 
7.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Examples:  
• Students conduct a bag pull experiment. A bag contains 5 marbles. 

There is one red marble, two blue marbles and two purple marbles. 
Students will draw one marble without replacement and then draw 
another. What is the sample space for this situation?  Explain how you 
determined the sample space and how you will use it to find the 
probability of drawing one blue marble followed by another blue marble. 
 

• Show all possible arrangements of the letters in the word FRED using a 
tree diagram. If each of the letters is on a tile and drawn at random, 
what is the probability that you will draw the letters F-R-E-D in that 
order? What is the probability that your “word” will have an F as the first 
letter? 
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Standards for Mathematical Practice 
Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

  In grade 7, students solve problems involving ratios and rates and discuss how they solved 
them. Students solve real world problems through the application of algebraic and geometric 
concepts. Students seek the meaning of a problem and look for efficient ways to represent and 
solve it. They may check their thinking by asking themselves, “What is the most efficient way to 
solve the problem?”, “Does this make sense?”, and “Can I solve the problem in a different way?”. 

7.MP.2. Reason abstractly 
and quantitatively. 

 In grade 7, students represent a wide variety of real world contexts through the use of real 
numbers and variables in mathematical expressions, equations, and inequalities. Students 
contextualize to understand the meaning of the number or variable as related to the problem and 
decontextualize to manipulate symbolic representations by applying properties of operations. 

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

 In grade 7, students construct arguments using verbal or written explanations accompanied by 
expressions, equations, inequalities, models, and graphs, tables, and other data displays (i.e. 
box plots, dot plots, histograms, etc.). They further refine their mathematical communication 
skills through mathematical discussions in which they critically evaluate their own thinking and 
the thinking of other students. They pose questions like “How did you get that?”, “Why is that 
true?” “Does that always work?”. They explain their thinking to others and respond to others’ 
thinking. 

7.MP.4. Model with 
mathematics. 

 In grade 7, students model problem situations symbolically, graphically, tabularly, and 
contextually. Students form expressions, equations, or inequalities from real world contexts and 
connect symbolic and graphical representations. Students explore covariance and represent two 
quantities simultaneously. They use measures of center and variability and data displays (i.e. 
box plots and histograms) to draw inferences, make comparisons and formulate predictions. 
Students use experiments or simulations to generate data sets and create probability models. 
Students need many opportunities to connect and explain the connections between the different 
representations. They should be able to use all of these representations as appropriate to a 
problem context. 

7.MP.5. Use appropriate 
tools strategically. 

 Students consider available tools (including estimation and technology) when solving a 
mathematical problem and decide when certain tools might be helpful. For instance, students in 
grade 7 may decide to represent similar data sets using dot plots with the same scale to visually 
compare the center and variability of the data. Students might use physical objects or applets to 
generate probability data and use graphing calculators or spreadsheets to manage and 
represent data in different forms. 
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Standards for Mathematical Practice 
Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

7.MP.6. Attend to 
precision. 

 In grade 7, students continue to refine their mathematical communication skills by using clear 
and precise language in their discussions with others and in their own reasoning. Students 
define variables, specify units of measure, and label axes accurately. Students use appropriate 
terminology when referring to rates, ratios, probability models, geometric figures, data displays, 
and components of expressions, equations or inequalities. 

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

 Students routinely seek patterns or structures to model and solve problems. For instance, 
students recognize patterns that exist in ratio tables making connections between the constant of 
proportionality in a table with the slope of a graph. Students apply properties to generate 
equivalent expressions (i.e. 6 + 2x = 2 (3 + x) by distributive property) and solve equations  
(i.e. 2c + 3 = 15, 2c = 12 by subtraction property of equality; c=6 by division property of equality). 
Students compose and decompose two- and three-dimensional figures to solve real world 
problems involving scale drawings, surface area, and volume. Students examine tree diagrams 
or systematic lists to determine the sample space for compound events and verify that they have 
listed all possibilities. 

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

 In grade 7, students use repeated reasoning to understand algorithms and make generalizations 
about patterns. During multiple opportunities to solve and model problems, they may notice that 
a/b ÷ c/d = ad/bc and construct other examples and models that confirm their generalization. 
They extend their thinking to include complex fractions and rational numbers. Students formally 
begin to make connections between covariance, rates, and representations showing the 
relationships between quantities. They create, explain, evaluate, and modify probability models 
to describe simple and compound events. 
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7th Grade Team/Department and Course Outcomes  
 
6-8 TEAM/DEPARTMENT OUTCOMES: 

1. Students will be able to understand, analyze and connect ratio and proportions in equations, mathematical problems and real-world 
applications. (RP) (EE) 

2. Students will be able to apply and extend understandings of rational numbers and fractions to operations including approximate irrational 
numbers using rational numbers. (NS) 

3. Students will be able to analyze and solve linear expressions, equations and pairs of simultaneous equations in mathematical and real-world 
application. (EE) 

4. Students will be able to solve real-world and mathematical problems involving angle measure, area, surface area, and volume of geometric 
figures. (G) 

5. Students will be able to analyze data to recognize statistical variability, distributions, chance processes and patterns in bivariate data. (SP) 
 
7th GRADE COURSE OUTCOMES: 

1. Students will be able to analyze proportional relationships and use them to solve real-world and mathematical problems. (RP) 
2. Students will be able to apply and extend previous understandings of operations with fractions to add, subtract, multiply, and divide rational 

numbers. (NS) 
3. Students will be able to apply properties of operations as strategies to add, subtract, factor, and expand linear expressions with rational 

coefficients. (EE) 
4. Students will be able to solve real-life and mathematical problems using numerical and algebraic expressions and equations. (EE) 
5. Students will be able to draw, construct, and describe geometrical figures and describe the relationships between them. (G) 
6. Students will be able to solve real-life and mathematical problems involving angle measure, area, surface area, and volume of two-and three-

dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. (G) 
7. Students will be able to draw informal comparative inferences about two populations. (SP) 
8. Students will be able to investigate chance processes and develop, use, and evaluate probability models. (SP)) 
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7th Grade Unit Concepts and Goals  
(1)  (Reference Standards RP.1, RP.2, RP.3) 

• Unit Concept – Proportions: Algebra 
• Unit Goal – Students will be able to compute unit rates associated with ratios of fractions, recognize and represent proportional 

relationships between quantities, and solve multistep ratio and percent problems. 
(2)  (Reference Standards NS.1, NS.2, NS.3) 

• Unit Concept – Algebra:  Integers 
• Unit Goal – Students will be able to represent addition and subtraction on a horizontal or vertical number line, multiply and divide rational 

numbers, and solve real-world mathematical problems. 
(3)  (Reference Standards EE.1, EE.2) 

• Unit Concept – Algebra:  Rational Numbers  
• Unit Goal – Students will be able to apply properties of operations as strategies to add, subtract, factor, and expand linear expressions with 

rational coefficients. 
(4)  (Reference Standards EE.3, EE.4) 

• Unit Concept – Algebra:  Real Numbers/Real-Life 
• Unit Goal – Students will be able to solve real-life and mathematical problems using numerical and algebraic expressions and equations. 

(5)  (Reference Standards G.1, G.2, G.3, SP.2) 
• Unit Concept – Geometry:  Geometric figures 
• Unit Goal – Students will be able to draw, construct, and describe geometrical figures and describe the relationships between them; angles, 

triangles, quadrilaterals, polygons and circles. 
(6)  (Reference Standards G.4, G.5, G.6) 

• Unit Concept – Geometry:  Measuring Area & Volume 
• Unit Goal – Students will be able to solve real-life and mathematical problems involving angle measure, area, surface area, and volume of 

two-and-three-dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. 
(7)  (Reference Standards SP.1, SP.2, SP.3, SP.4, SP.5, SP.6, SP.7, SP.8) 

• Unit Concept – Probability & Statistics 
• Unit Goal – Students will be able to understand statistics and draw inferences from one or more populations; investigate chance processes, 

and develop, use, and evaluate probability models        
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Accelerated 7th Grade Unit Concepts and Goals   
(1)  (Reference Standards 7RP.1, 7RP.2, 7RP.3) 

• Unit Concept – Proportions: Algebra 

• Unit Goal – Students will be able to compute unit rates associated with ratios or fractions, recognize and represent proportional 
relationships between quantities, and solve multistep ratio and percent problems. 

(2)  (Reference Standards 7NS.1, 7NS.2, 7NS.3,) 
• Unit Concept – Algebra:  Integers 

• Unit Goal – Students will be able to represent addition and subtraction on a horizontal or vertical number line, multiply and divide rational 
numbers, and solve real-world mathematical problems. 

(3)  (Reference Standards 7EE.1, 7EE.2) 
• Unit Concept – Algebra:  Rational Numbers  

• Unit Goal – Students will be able to apply properties of operations as strategies to add, subtract, factor, and expand linear expressions with 
rational coefficients. 

(4)  (Reference Standards 8NS.1,8 NS.2, 8EE.1, 8EE.2, 8EE.3, 8EE.4)(Reference 8th Concept 2) 
• Unit Concept – Radicals and integer exponents 

• Unit Goal – Students will be able to apply properties of integer exponents to represent solutions to equations and perform operations to 
problems where both decimal and scientific notation are used. 

(5)  (Reference Standards 7EE.3, 7EE.4, 8EE5, 8EE6,8EE7) 
• Unit Concept – Algebra:  Real Numbers/Real-Life 

• Unit Goal – Students will be able to solve real-life and mathematical problems using numerical and algebraic expressions and equations. 

(6)  (Reference Standards 7G.1, 7G.2, 7G.3, 7SP.2) 
•    Unit Concept – Geometry:  Geometric figures 
• Unit Goal – Students will be able to draw, construct, and describe geometrical figures and describe the relationships between them; angles, 

triangles, quadrilaterals, polygons and circles. 
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(7)  (Reference Standards 8G.1, 8G.2,8 G.3, 8G.4, 8G.5, 8G.9, 8EE.6) (Reference 8th Concept 7) 

•    Unit Concept – Congruence, similarity, and volume 
• Unit Goal – Students will be able to use formulas of cones, cylinders, and spheres and to solve real-world and mathematical problems. 

 
(8)  (Reference Standards 7G.4, 7G.5, 7G.6) 

• Unit Concept – Geometry:  Measuring Area & Volume 
• Unit Goal – Students will be able to solve real-life and mathematical problems involving angle measure, area, surface area, and volume of 

two-and-three-dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. 
 

(9)  (Reference Standards 7SP.1, 7SP.2, 7SP.3, 7SP.4, 7SP.5, 7SP.6, 7SP.7, 7SP.8) 
•    Unit Concept – Probability & Statistics 
• Unit Goal – Students will be able to understand statistics and draw inferences from one or more populations; investigate chance processes, 

and develop, use, and evaluate probability models. 
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Grade 8 Overview 

 
The Number System (NS) 

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

 
Expressions and Equations (EE) 

• Work with radicals and integer exponents. 
• Understand the connections between proportional relationships, 

lines, and linear equations. 
• Analyze and solve linear equations and pairs of simultaneous 

linear equations. 
 
Functions (F) 

• Define, evaluate, and compare functions. 
• Use functions to model relationships between quantities. 

 
Geometry (G) 

• Understand congruence and similarity using physical models, 
transparencies, or geometry software. 

• Understand and apply the Pythagorean Theorem. 
• Solve real-world and mathematical problems involving volume of 

cylinders, cones and spheres. 
 
Statistics and Probability (SP) 

• Investigate patterns of association in bivariate data. 

Mathematical Practices (MP) 
57. Make sense of problems and persevere in solving them. 
58. Reason abstractly and quantitatively. 
59. Construct viable arguments and critique the reasoning of others. 
60. Model with mathematics. 
61. Use appropriate tools strategically. 
62. Attend to precision. 
63. Look for and make use of structure. 
64. Look for and express regularity in repeated reasoning. 

 

 



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 250 

 
In Grade 8, instructional time should focus on three critical areas: (1) formulating and reasoning about expressions and equations, including 
modeling an association in bivariate data with a linear equation, and solving linear equations and systems of linear equations; (2) grasping the 
concept of a function and using functions to describe quantitative relationships; (3) analyzing two- and three-dimensional space and figures using 
distance, angle, similarity, and congruence, and understanding and applying the Pythagorean Theorem. 
 
(1) Students use linear equations and systems of linear equations to represent, analyze, and solve a variety of problems. Students recognize 
equations for proportions (y/x = m or y = mx) as special linear equations (y = mx + b), understanding that the constant of proportionality (m) is the 
slope, and the graphs are lines through the origin. They understand that the slope (m) of a line is a constant rate of change, so that if the input or x-
coordinate changes by an amount A, the output or y-coordinate changes by the amount m⋅A. Students also use a linear equation to describe the 
association between two quantities in bivariate data (such as arm span vs. height for students in a classroom). At this grade, fitting the model, and 
assessing its fit to the data are done informally. Interpreting the model in the context of the data requires students to express a relationship between 
the two quantities in question and to interpret components of the relationship (such as slope and y-intercept) in terms of the situation. 
 
Students strategically choose and efficiently implement procedures to solve linear equations in one variable, understanding that when they use the 
properties of equality and the concept of logical equivalence, they maintain the solutions of the original equation. Students solve systems of two 
linear equations in two variables and relate the systems to pairs of lines in the plane; these intersect, are parallel, or are the same line. Students use 
linear equations, systems of linear equations, linear functions, and their understanding of slope of a line to analyze situations and solve problems. 
 
(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. 
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The Number System (NS) 
Know that there are numbers that are not rational, and approximate them by rational numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
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. 
 
Connections: 8.EE.4; 8.EE.7b; 6-8.RST.4; 
6-8.RST.7 

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

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

  
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., 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. 
 
Connections: 8.G.7; 8.G.8; 6-8.RST.5;  
ET08-S1C2-01  

8.MP.2. Reason abstractly and 
quantitatively. 
 
8.MP.4. Model with 
mathematics. 
 
8.MP.7. Look for and make use 
of structure. 
 
8.MP.8. Look for and express 
regularity in repeated 
reasoning. 

 
Students can approximate square roots by iterative processes.  
 
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. 
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The Number System (NS) 
Know that there are numbers that are not rational, and approximate them by rational numbers. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• Compare √2 and √3 by estimating their values, plotting them on a number 
line, and making comparative statements. 

 

 
 

Solution: Statements for the comparison could include: 
√2 is approximately 0.3 less than √3 
√2 is between the whole numbers 1 and 2 
√3 is between 1.7 and 1.8 

 
 
Expressions and Equations (EE) 
Work with radicals and integer exponents. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
8.EE.1. 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. 

Examples: 

• 
25
64

5
4

2

3
=  

 
• 

256
1

4
144

4
4

4
473

7

3
==== −−  

• 
4−3

52 = 4−3 × 1
52 = 1

43 × 1
52 = 1

64
× 1

25
= 1

16, 000
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Expressions and Equations (EE) 
Work with radicals and integer exponents. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
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 √2 is irrational. 
 
Connections: 8.G.7; 8.G.8; 6-8.RST.4 
 
 

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. 

Examples: 
• 932 =  and 3 9 ±=  

• 
27
1

3
1

3
1

3

33

=







=








 and 
3
1

27
1

27
1

3

3
3 ==  

• Solve 92 =x  
Solution: 92 =x  

               x2 = ± 9  
               3 ±=x  

• Solve 83 =x  
Solution: 83 =x  

               33 3 8=x  
               2=x  

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 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. 

 

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. 
 
Connections: 8.NS.1; 8.EE.1; ET08-S6C1-03  

8.MP.2. Reason abstractly and 
quantitatively. 
 
8.MP.5. Use appropriate tools 
strategically. 
 
8.MP.6. Attend to precision. 

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 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.  
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Expressions and Equations (EE) 
Understand the connections between proportional relationships, lines, and linear equations 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
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. 
 
Connections: 8.F.2; 8.F.3; 6-8.RST.7; 6-
8.WHST.2b; SC08-S5C2-01; SC08-S5C2-05  

8.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
8.MP.2. Reason abstractly and 
quantitatively. 
 
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. 

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. 
 
Example:  

• 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: 
 
 
 
 
 
 
 
 
 
 
 

 

y = 50x  
x is time in hours   
y is distance in miles 
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Expressions and Equations (EE) 
Understand the connections between proportional relationships, lines, and linear equations 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
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. 
 
Connections: 8.F.3; 8.G.4; 6-8.RST.3; 
6-8.WHST.1b; ET08-S1C2-01; ET08-S6C1-03 

8.MP.2. Reason abstractly and 
quantitatively. 
 
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.7. Look for and make use 
of structure. 
 
8.MP.8. Look for and express 
regularity in repeated 
reasoning. 

Example:  

• Explain why ACB∆  is similar to DFE∆ , and deduce that AB has the 

same slope as BE . Express each line as an equation. 
 

 

 



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 256 

 
Expressions and Equations (EE) 
Analyze and solve linear equations and pairs of simultaneous linear equations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
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. 

 
Connections: 8.F.3; 8.NS.1; 6-8.RST.3; 
ET08-S1C3-01 

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. 

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. 
 
When an equation has no solutions it is also called an inconsistent equation. 
This is the case when the two expressions are not equivalent as in 5x - 2 = 
5(x+1). When simplifying this equation, students will find that the solution 
appears to be two numbers that are not equal or -2 = 1. In this case, regardless 
which real number is used for the substitution, the equation is not true and 
therefore has no solution. 
 
Examples:  

• Solve for x: 
o 4)7(3 =+− x  
o 8483 −=− xx  
o 235)1(3 −=−+ xx  

 
• Solve: 

o 7)3(7 =−m  

o yy
3
1

4
3

3
2

4
1

−=−  



Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 257 

Expressions and Equations (EE) 
Analyze and solve linear equations and pairs of simultaneous linear equations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
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, 
3x + 2y = 5 and 3x + 2y = 6 have no 
solution because 3x + 2y 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. 

 
Connections: 6-8.RST.7; ET08-S1C2-01; 
ET08-S1C2-02 

8.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
8.MP.2. Reason abstractly and 
quantitatively. 
 
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. 

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.  
 
A system of linear equations whose graphs meet at one point (intersecting lines) 
has only one solution, the ordered pair representing the point of intersection. A 
system of linear equations whose graphs do not meet (parallel lines) has no 
solutions and the slopes of these lines are the same. A system of linear 
equations whose graphs are coincident (the same line) has infinitely many 
solutions, the set of ordered pairs representing all the points on the line.  
 
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. 

 

3x + 4y = 7 
-2x + 8y = 10 

 
• 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) 
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Expressions and Equations (EE) 
Analyze and solve linear equations and pairs of simultaneous linear equations. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• 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   H = 2W + 4 
Plant B   H = 4W + 2 

 
• At which week will the plants have the same height? 

 
Solution: 
The plants have the same height after one week. 
Plant A: H = 2W + 4                          Plant B: H = 4W + 2 
Plant A: H = 2(1) + 4                         Plant B: H = 4(1) + 2 
Plant A: H = 6                                   Plant B: H = 6 
 
After one week, the height of Plant A and Plant B are both 6 inches. 
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Functions (F) 
Define, evaluate, and compare functions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
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.) 
 
Connection: SC08-S5C2-05 

8.MP.2. Reason abstractly and 
quantitatively. 
 
8.MP.6. Attend to precision. 

For example, the rule that takes x as input and gives x2+5x+4 as output is a 
function. Using y to stand for the output we can represent this function with the 
equation y = x2+5x+4, and the graph of the equation is the graph of the function. 
Students are not yet expected use function notation such as f(x) = x2+5x+4. 

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. 
 
Connections: 8.EE.5; 8.F.2; 6-8.RST.7; 
6-8.WHST.1b; ET08-S1C3-01  

8.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
8.MP.2. Reason abstractly and 
quantitatively. 
 
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. 

Examples: 
• Compare the two linear functions listed below and determine which equation 

represents a greater rate of change. 
 

Function 1: 

   
 
 
 
 
• 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 function whose 

input x and output y 
are related by 

 

y = 3x + 7 
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Functions (F) 
Define, evaluate, and compare functions. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

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

 
Function 2: 
The school bookstore rents graphing calculators for $5 per month. It also 
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, which is the amount the gift card balance decreases with Samantha’s 
weekly magazine purchase. 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 Example 2 could be c = 5m + 10. 

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. 
 
Connections: 8.EE.5; 8.EE.7a ; 6-8.WHST.1b; 
ET08-S6C1-03  

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. 

Example: 
• Determine which of the functions listed below are linear and which are not 

linear and explain your reasoning. 
 

o y = -2x2 + 3      non linear 
o y = 2x                  linear 
o A = πr2      non linear 
o y = 0.25 + 0.5(x – 2)    linear 
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Functions (F) 
Use functions to model relationships between quantities. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
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. 
 
Connections: 8.EE.5; 8.SP2; 8.SP.3; 
ET08-S1C2-01; SC08-S5C2-01; 
SC08-S1C3-02  

8.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
8.MP.2. Reason abstractly and 
quantitatively. 
 
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. 

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-time $25 fee for the car’s 
navigation system (GPS).Write an expression for the cost in dollars, 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 – 100 shows the relationship between the 
time of the ascent in seconds (t) and the distance from the surface in feet 
(d). 

o 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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Functions (F) 
Use functions to model relationships between quantities. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
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. 
 
Connections: 6-8.WHST.2a-f; ET08-S1C2-01; 
SC08-S5C2-05 

8.MP.2. Reason abstractly and 
quantitatively. 
 
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. 

Example: 
 

• The graph below shows a student’s trip to school. This student walks to 
his friend’s house and, 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. 
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Geometry (G) 
Understand congruence and similarity using physical models, transparencies, or geometry software. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
8.G.1. Verify experimentally the properties of 
rotations, reflections, and translations: 
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.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. 

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 are not expected to work formally with properties of dilations until high 
school. 

8.G.2. 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. 
 
Connections: 6-8.WHST.2b,f; ET08-S6C1-03 

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. 

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

 
 

• Describe the sequence of transformations that results in the transformation 
of Figure A to Figure A’. 

 
8.G.3. 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. 

A dilation is a transformation that moves each point along a ray emanating from 
a fixed center, and multiplies distances from the center by a common scale 
factor. In dilated figures, the dilated figure is similar to its pre-image. 
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Geometry (G) 
Understand congruence and similarity using physical models, transparencies, or geometry software. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
 
Connections: 6-8.WHST.2b,f; ET08-S6C1-03 
 

 
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. 

 
Translation: A translation is a transformation of an object that moves 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. 

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 + C also move in the same direction (7 units to the 
right and 3 units up). 

 
 

Reflection: A reflection is a transformation that flips an object across a line of 
reflection (in a coordinate grid the line of reflection may be the x or y axis). In a 
rotation, the rotated object is congruent to its pre-image. 

 

                          
When an object is reflected across the y axis, the reflected x coordinate is the 
opposite of the pre-image x coordinate. 
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Geometry (G) 
Understand congruence and similarity using physical models, transparencies, or geometry software. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
 
Rotation: A rotated figure is a figure that has been turned about a fixed point. 
This is called the center of rotation. A figure can be rotated up to 360˚. Rotated 
figures are congruent to their pre-image figures. 
 
Consider when DEF∆ is rotated 180˚ clockwise about the origin. The 
coordinates of DEF∆  are D(2,5), E(2,1), and F(8,1). When rotated 180˚, 

''' FED∆ has new coordinates D’(-2,-5), E’(-2,-1) and F’(-8,-1). Each coordinate 
is the opposite of its pre-image. 
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Geometry (G) 
Understand congruence and similarity using physical models, transparencies, or geometry software. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
8.G.4. 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. 
 
Connections: 8.EE.6; 6-8.WHST.2b,f; 
ET08-S6C1-03; ET08-S1C1-01 

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. 

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

 
 

• Describe the sequence of transformations that results in the transformation 
of Figure A to Figure A’. 

 

 
 
 
 
 
 
 

8.G.5. Use informal arguments to establish 
facts about the angle sum and exterior angle of 
triangles, about the angles created when 

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

• Examples: Students can informally prove relationships with transversals.  
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Geometry (G) 
Understand congruence and similarity using physical models, transparencies, or geometry software. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
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. 
 
Connections: 6-8.WHST.2b,f; 6-8.WHST.1b; 
ET08-S6C1-03; ET08-S1C1-01; ET08-S1C3-03 

 
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. 

 Show that m 3∠  + m 4∠  + m 5∠  = 180˚ if l and m are parallel lines and t1     & t2 

are transversals. 
 

1∠  + 2∠  + 3∠  = 180˚. Angle 1 and Angle 5 are congruent because 
they are corresponding angles ( 15 ∠≅∠ ). 1∠  can be substituted for 

5∠ . 
 

24 ∠≅∠  : because alternate interior angles are congruent. 
4∠ can be substituted for 2∠  

 
Therefore m 3∠  + m 4∠  + m 5∠  = 180˚ 

 
 

                
 
 
 
Students can informally conclude that the sum of a triangle is 180º (the angle-
sum theorem) by applying their understanding of lines and alternate interior 
angles. In the figure below, line x is parallel to line yz: 
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Geometry (G) 
Understand congruence and similarity using physical models, transparencies, or geometry software. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

 
 

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 are 35º + 65 º + 80 º 

 
 
Geometry (G) 
Understand and apply the Pythagorean Theorem. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
8.G.6. Explain a proof of the Pythagorean 
Theorem and its converse. 
 
Connections: 6-8.WHST.2a-f; ET08-S1C2-01 
 

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

Students should verify, using a model, that the sum of the squares of the legs is 
equal to the square of the hypotenuse in a right triangle. Students should also 
understand that if the sum of the squares of the 2 smaller legs of a triangle is 
equal to the square of the third leg, then the triangle is a right triangle. 
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Geometry (G) 
Understand and apply the Pythagorean Theorem. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
8.G.7. Apply the Pythagorean Theorem to 
determine unknown side lengths in right 
triangles in real-world and mathematical 
problems in two and three dimensions. 
 
Connections: 8.NS.2; ET08-S2C2-01  

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

Through authentic experiences and exploration, students should use the 
Pythagorean Theorem to solve problems. Problems can include working in both 
two and three dimensions. Students should be familiar with the common 
Pythagorean triplets. 

8.G.8. Apply the Pythagorean Theorem to find 
the distance between two points in a coordinate 
system. 
 
Connections: 8.NS.2; ET08-S6C1-03  

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

Example: 
• Students will create a right triangle from the two points given (as 

shown in the diagram below) and then use the Pythagorean 
Theorem to find the distance between the two given points. 
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Geometry (G) 
Solve real-world and mathematical problems involving volume of cylinders, cones, and spheres 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
8.G.9. Know the formulas for the volumes of 
cones, cylinders, and spheres and use them to 
solve real-world and mathematical problems. 
 
Connections: 6-8.RST.3; 6-8.RST.7;  
ET08-S2C2-01; ET08-S1C4-01 

8.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
8.MP.2. Reason abstractly and 
quantitatively. 
 
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. 

Example: 
• James wanted to plant pansies in his new planter. He wondered 

how much potting soil he should buy to fill it. Use the measurements 
in the diagram below to determine the planter’s volume.  
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Statistics and Probability (SP) 
Investigate patterns of association in bivariate data. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
8.SP.1. Construct and interpret scatter plots for 
bivariate measurement data to investigate 
patterns of association between two quantities. 
Describe patterns such as clustering, outliers, 
positive or negative association, linear 
association, and nonlinear association. 
 
Connections: 6-8.WHST.2b,f; ET08-S1C3-01; 
ET08-S1C3-02; ET08-S6C1-03; 
SS08-S4C1-01;SS08-S4C2-03; 
SS08-S4C1-05; SC08-S1C3-02; 
SC08-S1C3-03 

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. 

Students build on their previous knowledge of scatter plots examine relationships 
between variables. They analyze scatterplots to determine positive and negative 
associations, the degree of association, and type of association. Students 
examine outliers to determine if data points are valid or represent a recording or 
measurement error. Students can use tools such as those at the National Center 
for Educational Statistics to create a graph or generate data sets. 
(http://nces.ed.gov/nceskids/createagraph/default.aspx) 
 
Examples: 

• Data for 10 students’ Math and Science scores are provided in the 
chart. Describe the association between the Math and Science 
scores. 

 

Student 1 2 3 4 5 6 7 8 9 10 
Math 64 50 85 34 56 24 72 63 42 93 

Science 68 70 83 33 60 27 74 63 40 96 
 
 

• Data for 10 students’ Math scores and the distance they live from 
school are provided in the table below. Describe the association 
between the Math scores and the distance they live from school. 

 

Student 1 2 3 4 5 6 7 8 9 10 
Math score 64 50 85 34 56 24 72 63 42 93 
Dist from 

school (miles) 0.5 1.8 1 2.3 3.4 0.2 2.5 1.6 0.8 2.5 

 
 

• Data from a local fast food restaurant is provided showing the 
number of staff members and the average time for filling an order 
are provided in the table below. Describe the association between 
the number of staff and the average time for filling an order. 
 

Number of staff 3 4 5 6 7 8 
Average time to fill order (seconds) 180 138 120 108 96 84 
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Statistics and Probability (SP) 
Investigate patterns of association in bivariate data. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

• The chart below lists the life expectancy in years for people in the 
United States every five years from 1970 to 2005. What would you 
expect the life expectancy of a person in the United States to be in 
2010, 2015, and 2020 based upon this data? Explain how you 
determined your values. 
 

Date 1970 1975 1980 1985 1990 1995 2000 2005 
Life Expectancy 
(in years) 

70.8 72.6 73.7 74.7 75.4 75.8 76.8 77.4 

 
 
 

8.SP.2. Know that straight lines are widely used 
to model relationships between two quantitative 
variables. For scatter plots that suggest a linear 
association, informally fit a straight line, and 
informally assess the model fit by judging the 
closeness of the data points to the line. 
 
Connections: 8.EE.5; 8.F.3; 
ET08-S1C3-01; ET08-S6C1-03; 
SS08-S4C1-05;  

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. 

Examples: 
• The capacity of the fuel tank in a car is 13.5 gallons. The table below 

shows the number of miles traveled and how many gallons of gas 
are left in the tank. Describe the relationship between the variables. 
If the data is linear, determine a line of best fit. Do you think the line 
represents a good fit for the data set? Why or why not? What is the 
average fuel efficiency of the car in miles per gallon? 

 
Miles 
Traveled 

0 75 120 160 250 300 

Gallons 
Used 

0 2.3 4.5 5.7 9.7 10.7 
 

 

8.SP.3. Use the equation of a linear model to 
solve problems in the context of bivariate 
measurement data, interpreting the slope and 
intercept. For example, in a linear model for a 
biology experiment, interpret a slope of 1.5 
cm/hr as meaning that an additional hour of 
sunlight each day is associated with an 

8.MP.2. Reason abstractly and 
quantitatively. 
 
8.MP.4. Model with 
mathematics. 
 
8.MP.5. Use appropriate tools 

Examples: 
 
 
 
 
• 1. Given data from students’ math scores and absences, make a scatterplot. 
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Statistics and Probability (SP) 
Investigate patterns of association in bivariate data. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   
additional 1.5 cm in mature plant height. 
 
Connections: 8.EE.5; 8.F.3; 8.F.4; 
ET08-S1C3-03; ET08-S2C2-01; 

strategically. 
 
8.MP.6. Attend to precision. 
 
8.MP.7. Look for and make use 
of structure. 

          
 

 2.  Draw a line of best fit, paying attention to the closeness of the data points 
on either side of the line.  

 
 
• 3.  From the line of best fit, determine an approximate linear equation that 

models the given data (about y = 
95

3
25

+− x
)   

• 4.  Students should recognize that 95 represents the y intercept and 

3
25

− represents the slope of the line.   

• 5.  Students can use this linear model to solve problems. For example, 
through substitution, they can use the equation to determine that a student 
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Statistics and Probability (SP) 
Investigate patterns of association in bivariate data. 
Standards Mathematical Practices Explanations and Examples 
Students are expected to:   

with 4 absences should expect to receive a math score of about 62. They 
can then compare this value to their line. 

8.SP.4. Understand that patterns of association 
can also be seen in bivariate categorical data 
by displaying frequencies and relative 
frequencies in a two-way table. Construct and 
interpret a two-way table summarizing data on 
two categorical variables collected from the 
same subjects. Use relative frequencies 
calculated for rows or columns to describe 
possible association between the two variables. 
For example, collect data from students in your 
class on whether or not they have a curfew on 
school nights and whether or not they have 
assigned chores at home. Is there evidence 
that those who have a curfew also tend to have 
chores? 
 
Connections: 6-8.WHST.2b,f; ET08-S1C1-01; 
ET08-S1C3-02; ET08-S1C3-03; 
SS08-S4C2-03; SS08-S4C1-05; 
SC08-S1C3-02 

8.MP.2. Reason abstractly and 
quantitatively. 
 
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. 

Example: 
• The table illustrates the results when 100 students were asked the 

survey questions: Do you have a curfew? and Do you have assigned 
chores? Is there evidence that those who have a curfew also tend to 
have chores? 

 

 
 
Solution: Of the students who answered that they had a curfew, 40 had chores 
and 10 did not. Of the students who answered they did not have a curfew, 10 
had chores and 40 did not. From this sample, there appears to be a positive 
correlation between having a curfew and having chores. 
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Standards for Mathematical Practice 
Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

  In grade 8, students solve real world problems through the application of algebraic and 
geometric concepts. Students seek the meaning of a problem and look for efficient ways to 
represent and solve it. They may check their thinking by asking themselves, “What is the most 
efficient way to solve the problem?”, “Does this make sense?”, and “Can I solve the problem in a 
different way?” 

8.MP.2. Reason abstractly 
and quantitatively. 

 In grade 8, students 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. Students contextualize to 
understand the meaning of the number or variable as related to the problem and decontextualize 
to manipulate symbolic representations by applying properties of operations. 

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

 In grade 8, students construct arguments using verbal or written explanations accompanied by 
expressions, equations, inequalities, models, and graphs, tables, and other data displays (i.e. 
box plots, dot plots, histograms, etc.). They further refine their mathematical communication 
skills through mathematical discussions in which they critically evaluate their own thinking and 
the thinking of other students. They pose questions like “How did you get that?”, “Why is that 
true?” “Does that always work?” They explain their thinking to others and respond to others’ 
thinking. 

8.MP.4. Model with 
mathematics. 

 In grade 8, students model problem situations symbolically, graphically, tabularly, and 
contextually. Students form expressions, equations, or inequalities from real world contexts and 
connect symbolic and graphical representations. Students solve systems of linear equations and 
compare properties of functions provided in different forms. Students use scatterplots to 
represent data and describe associations between variables. Students need many opportunities 
to connect and explain the connections between the different representations. They should be 
able to use all of these representations as appropriate to a problem context. 

8.MP.5. Use appropriate 
tools strategically. 

 Students consider available tools (including estimation and technology) when solving a 
mathematical problem and decide when certain tools might be helpful. For instance, students in 
grade 8 may translate a set of data given in tabular form to a graphical representation to 
compare it to another data set. Students might draw pictures, use applets, or write equations to 
show the relationships between the angles created by a transversal. 

8.MP.6. Attend to 
precision. 

 In grade 8, students continue to refine their mathematical communication skills by using clear 
and precise language in their discussions with others and in their own reasoning. Students use 
appropriate terminology when referring to the number system, functions, geometric figures, and 
data displays. 
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Standards for Mathematical Practice 
Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

 Students routinely seek patterns or structures to model and solve problems. In grade 8, students 
apply properties to generate equivalent expressions and solve equations. Students examine 
patterns in tables and graphs to generate equations and describe relationships. Additionally, 
students experimentally verify the effects of transformations and describe them in terms of 
congruence and similarity. 

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

 In grade 8, students use repeated reasoning to understand algorithms and make generalizations 
about patterns. Students use iterative processes to determine more precise rational 
approximations for irrational numbers. During multiple opportunities to solve and model 
problems, they notice that the slope of a line and rate of change are the same value. Students 
flexibly make connections between covariance, rates, and representations showing the 
relationships between quantities. 
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8th Grade Team/Department and Course Outcomes  
6-8 TEAM/DEPARTMENT OUTCOMES: 

1. Students will be able to understand, analyze and connect ratio and proportions in equations, mathematical problems and real-world 
applications. (RP) (EE) 

2. Students will be able to apply and extend understandings of rational numbers and fractions to operations including approximate irrational 
numbers using rational numbers. (NS) 

3. Students will be able to analyze and solve linear expressions, equations and pairs of simultaneous equations in mathematical and real-world 
application. (EE) 

4. Students will be able to solve real-world and mathematical problems involving angle measure, area, surface area, and volume of geometric 
figures. (G) 

5. Students will be able to analyze data to recognize statistical variability, distributions, chance processes and patterns in bivariate data. (SP) 
 
8th GRADE COURSE OUTCOMES: 

1. Students will be able to demonstrate understanding of irrational numbers and approximate them by rational numbers. (NS) 
2. Students will be able to perform operations using radicals and integer exponents in numerical expressions and scientific notation. (EE) 
3. Students will be able to demonstrate understanding of the connections between proportional relationships, lines, and linear equations. (EE) 
4. Students will be able to analyze and solve linear equations and pairs of simultaneous linear equations, both mathematically as well as within 

real-world application. (EE) 
5. Students will be able to define, evaluate, and compare functions. (F) 
6. Students will be able to use functions to model relationships between quantities. (F) 
7. Students will be able to demonstrate understanding of congruence and similarity using physical models, transparencies, or geometry 

software. (G) 
8. Students will be able to apply the Pythagorean Theorem. (G) 
9. Students will be able to solve real-world problems involving volume of cylinders, cones, and spheres. (G) 
10. Students will be able to investigate patterns of association in bivariate data. (SP) 
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8th Grade Unit Concepts and Goals  
(1)  (Reference Standards EE.7, NS.1) 

• Unit Concept – Linear equations 
• Unit Goal – Students will be able to solve linear equations in one variable with rational number coefficients, including multi-step equations 

and variables on both sides. 
(2)  (Reference Standards NS.1, NS.2, EE.1, EE.2, EE.3, EE.4) 

• Unit Concept – Radical and integer exponents 
• Unit Goal – Students will be able to apply properties of integer exponents to represent solutions to equations and perform operations to 

problems where both decimal and scientific notation are used. 
(3)  (Reference Standards F.1, F.2, F.4) 

• Unit Concept –  Functions 
• Unit Goal – Students will be able to demonstrate understanding of, graph, and compare properties of functions represented, 

mathematically, and graphically. 
(4)  (Reference Standards EE.5, EE.6, F.2, F.3, F.4, G.4) 

• Unit Concept – Proportional relationships, lines and linear equations through graphing 
• Unit Goal – Students will be able to graph and interpret proportional relationships and functions demonstrating an understanding of slope 

as it relates to linear and non- linear functions. 
(5)  (Reference Standards NS.2, G.6, G.7, G.8) 

• Unit Concept – Pythagorean Theorem 
• Unit Goal – Students will be able to demonstrate understanding of, verify with models, and apply the Pythagorean Theorem. 

(6)  (Reference Standards EE.8) 
• Unit Concept – Simultaneous linear equations 
• Unit Goal – Students will be able to analyze and solve mathematically and graphically with real-world applications pairs of simultaneous 

linear equations. 
(7)  (Reference Standards G.1, G.2, G.3, G.4, G.5, G.9, EE.6) 

• Unit Concept – Congruence, similarity, and volume 

• Unit Goal – Students will be able to use formulas of cones, cylinders, and spheres and to solve real-world and mathematical problems. 
(8)  (Reference Standards SP.1, SP.2, SP.3, SP.4) 

• Unit Concept – Bivariate data 

• Unit Goal – Students will be able to analyze and construct bivariate measurement data, including scatter plots to create equations, 
recognize variability, distributions and chance processes. 
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8th Grade Algebra 1 (HS credit) Unit Goals  
 
(1)  (Reference Standards N-RN.3, N-Q.1, N-Q.2, N-Q.3, A-APR.1, A-APR.7) 

• Unit Concept – The relationships and rules of Algebra 
• Unit Goal – Students will be able to explain, interpret and use relationships between rational and irrational quantities, and extend these to 

algebraic quantities 
(2)  (Reference Standards A-SSE.1, A-SSE.2, A-CED.2, A-CED.3, A-CED.4, A-REI.3) 

• Unit Concept –  Equations 

• Unit Goal – Students will be able to interpret, create, and solve equations in 2 or more variables 
(3)  (Reference Standards 8NS.2, 8G.6, 8G.7, 8G.8) (Reference 8th Concept 5) 

•    Unit Concept – Pythagorean Theorem 
• Unit Goal – Students will be able to demonstrate understanding of, verify with models, and apply the Pythagorean Theorem. 

(4)  (Reference Standards A-SSE.1, A-SSE.2, A-CED.2, A-CED.3, A-REI.1, A-REI.3 A-REI.12) 
• Unit Concept –  Inequalities 
• Unit Goal – Students will be able to interpret, create, and solve inequalities in 2 or more variables 

 
(5)  (Reference Standards A-SSE.1, A-SSE.2, A-SSE.3, A-APR.1, A-APR.7) 

• Unit Concept – Polynomial expressions 
• Unit Goal – Students will be able to interpret the structure of and use polynomials to rewrite and model with them.  

 
(6)  (Reference Standards A-CED.2, A-CED.3, A-REI.10, F-IF.1, F-IF.2, F-IF.3, F-IF.5, F-IF.6, F-IF.9, F-BF.1, F-BF.2, 8F1, 8F2, 8F3, 8F4, 8F5) 

• Unit Concept – Functions 

• Unit Goal – Students will be able to identify characteristics of and represent functions, especially linear functions, in various forms 

(7)  (Reference Standards A-CED.2, A-CED.3, A-CED.4, A-REI.1, A-REI.3, A-REI.5, A-REI.6, A-REI.10, A-REI.12, 8EE.8) 
• Unit Concept –  Systems of equations and inequalities 

• Unit Goal – Students will be able to interpret, create, and solve systems of equations and inequalities in 2 variables 
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(8)  (Reference Standards A-SSE.1, A-SSE.2, A-SSE.3, A-REI.2, F-IF.1, F-IF.2, F-IF.3, F-IF.5, F-IF.6, F-IF.9, F-BF.1, F-BF.2) 
• Unit Concept – Quadratics and radicals 

• Unit Goal – Students will be able to identify characteristics of quadratic functions, and solve simple quadratic and radical equations 

(9)  (Reference Standards A-SSE.1, A-SSE.2, A-SSE.3, A-REI.3, A-APR.1, A-APR.7) 
• Unit Concept – Rational expressions and equations 
• Unit Goal – Students will be able to interpret the structure of and use rational expressions, and solve simple rational equations 

(10)  (Reference Standards S-ID.1, S-ID.3, S-ID.7, S-ID.9, S-IC.2, S-IC.6, N-VM.6, N-VM.7, N-VM.8, N-VM.9, 8SP.1, 8SP.2, 8SP.3, 8SP.4)  
          Unit Concept – Descriptive statistics 

• Unit Goal  – Students will be able to summarize, represent and interpret data, including matrix models 
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High School (9-12) 
 
The high school standards specify the mathematics that all students should study in order to be college and career ready. Additional mathematics 
that students should learn in fourth credit courses or advanced courses such as calculus, advanced statistics, or discrete mathematics is indicated 
by (+). All standards without a (+) symbol should be in the common mathematics curriculum for all college and career ready students. Standards 
with a (+) symbol may also appear in courses intended for all students. 

 

The high school standards are listed in conceptual categories including Number and Quantity, Algebra, Functions, Modeling, Geometry, and 
Statistics and Probability, and Contemporary Mathematics. 

 

Conceptual categories portray a coherent view of high school mathematics; a student’s work with functions, for example, crosses a number of 
traditional course boundaries, potentially up through and including calculus. Modeling is best interpreted not as a collection of isolated topics but in 
relation to other standards. Making mathematical models is a Standard for Mathematical Practice, and specific modeling standards appear 
throughout the high school standards indicated by a star symbol (★). 
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Number and Quantity  

• The Real Number System (N-RN) 

• Quantities (N-Q) 

• The Complex Number System (N-CN) 

• Vector and Matrix Quantities (N-VM) 

 
Algebra  

• Seeing Structure in Expressions (A-SSE) 

• Arithmetic with Polynomials and Rational Expressions (A-APR) 

• Creating Equations (A-CED) 

• Reasoning with Equations and Inequalities (A-REI) 

 

Functions  

• Interpreting Functions (F-IF) 

• Building Functions (F-BF) 

• Linear, Quadratic, and Exponential Models (F-LE) 

• Trigonometric Functions (F-TF) 

 
 

Geometry  
• Congruence (G-CO) 

• Similarity, Right Triangles, and Trigonometry (G-SRT) 

• Circles (G-C) 

• Expressing Geometric Properties with Equations (G-GPE) 

• Geometric Measurement and Dimension (G-GMD) 

• Modeling with Geometry (G-MG) 

 
Modeling 
 

Statistics and Probability  

• Interpreting Categorical and Quantitative Data (S-ID) 

• Making Inferences and Justifying Conclusions (S-IC) 

• Conditional Probability and the Rules of Probability (S-CP) 

• Using Probability to Make Decisions (S-MD) 

 
Contemporary Mathematics 

• Discrete Mathematics (CM-DM) 
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High School - Number and Quantity Overview 

 
 
The Real Number System (N-RN) 

• Extend the properties of exponents to rational exponents 

• Use properties of rational and irrational numbers. 

 

Quantities (N-Q) 

• Reason quantitatively and use units to solve problems 

 

The Complex Number System (N-CN) 

• Perform arithmetic operations with complex numbers 

• Represent complex numbers and their operations on the complex 
plane 

• Use complex numbers in polynomial identities and equations 

 

Vector and Matrix Quantities (N-VM) 

• Represent and model with vector quantities. 

• Perform operations on vectors. 

• Perform operations on matrices and use matrices in applications. 

Mathematical Practices (MP) 

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

66. Reason abstractly and quantitatively. 

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

68. Model with mathematics. 

69. Use appropriate tools strategically. 

70. Attend to precision. 

71. Look for and make use of structure. 

72. Look for and express regularity in repeated reasoning. 
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High School - Number and Quantity 
 
Numbers and Number Systems. During the years from kindergarten to eighth grade, students must repeatedly extend their conception of number. 
At first, “number” means “counting number”: 1, 2, 3…. Soon after that, 0 is used to represent “none” and the whole numbers are formed by the 
counting numbers together with zero. The next extension is fractions. At first, fractions are barely numbers and tied strongly to pictorial 
representations. Yet by the time students understand division of fractions, they have a strong concept of fractions as numbers and have connected 
them, via their decimal representations, with the base-ten system used to represent the whole numbers. During middle school, fractions are 
augmented by negative fractions to form the rational numbers. In Grade 8, students extend this system once more, augmenting the rational 
numbers with the irrational numbers to form the real numbers. In high school, students will be exposed to yet another extension of number, when 
the real numbers are augmented by the imaginary numbers to form the complex numbers. 
 
With each extension of number, the meanings of addition, subtraction, multiplication, and division are extended. In each new number system—
integers, rational numbers, real numbers, and complex numbers—the four operations stay the same in two important ways: They have the 
commutative, associative, and distributive properties and their new meanings are consistent with their previous meanings. 
 
Extending the properties of whole-number exponents leads to new and productive notation. For example, properties of whole-number exponents 
suggest that (51/3)3 should be 5(1/3)3 = 51 = 5 and that 51/3 should be the cube root of 5. 
 
Calculators, spreadsheets, and computer algebra systems can provide ways for students to become better acquainted with these new number 
systems and their notation. They can be used to generate data for numerical experiments, to help understand the workings of matrix, vector, and 
complex number algebra, and to experiment with non-integer exponents. 
 
Quantities. In real world problems, the answers are usually not numbers but quantities:  numbers with units, which involves measurement. In their 
work in measurement up through Grade 8, students primarily measure commonly used attributes such as length, area, and volume. In high school, 
students encounter a wider variety of units in modeling, e.g., acceleration, currency conversions, derived quantities such as person-hours and 
heating degree days, social science rates such as per-capita income, and rates in everyday life such as points scored per game or batting 
averages. They also encounter novel situations in which they themselves must conceive the attributes of interest. For example, to find a good 
measure of overall highway safety, they might propose measures such as fatalities per year, fatalities per year per driver, or fatalities per vehicle-
mile traveled. Such a conceptual process is sometimes called quantification. Quantification is important for science, as when surface area suddenly 
“stands out” as an important variable in evaporation. Quantification is also important for companies, which must conceptualize relevant attributes 
and create or choose suitable measures for them. 
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Number and Quantity: The Real Number System (N-RN) 
Extend the properties of exponents to rational exponents. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-RN.1. Explain how the 
definition of the meaning of 
rational exponents follows 
from extending the properties 
of integer exponents to those 
values, allowing for a notation 
for radicals in terms of 
rational exponents. For 
example, we define 51/3 to be 
the cube root of 5 because 
we want (51/3)3 = 5(1/3)3 to 
hold, so (51/3)3 must equal 5. 

 

Connections: 11-12.RST.4; 

11-12.RST.9;  
11-12.WHST.2d 

v HS.MP.2. Reason abstractly 
and quantitatively.  

 
HS.MP.3. Construct viable 

arguments and critique the 
reasoning of others. 

 

Students may explain orally or in written format. 

HS.N-RN.2. Rewrite 
expressions involving radicals 
and rational exponents using 
the properties of exponents. 

v HS.MP.7. Look for and make 
use of structure. 

Examples: 

• 
2

3 2 35 5=  ; 
2

3 235 5=  

• Rewrite using fractional exponents:  
4

5 45 516 2 2= =  

• Rewrite 
2

x
x

in at least three alternate forms.  
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Number and Quantity: The Real Number System (N-RN) 
Extend the properties of exponents to rational exponents. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    

Solution: 
3
2

3 3
2

1 1 1x
x xxx

−
= = =  

• Rewrite 4 42− .using only rational exponents. 

• Rewrite 3 3 23 3 1x x x+ + +  in simplest form. 

 
 
Number and Quantity: The Real Number System (N-RN) 
Use properties of rational and irrational numbers. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-RN.3. Explain why the 
sum or product of two rational 
numbers are rational; that the 
sum of a rational number and 
an irrational number is 
irrational; and that the 
product of a nonzero rational 
number and an irrational 
number is irrational. 

 

Connection: 9-10.WHST.1e 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 

Since every difference is a sum and every quotient is a product, this includes 
differences and quotients as well. Explaining why the four operations on rational 
numbers produce rational numbers can be a review of students understanding of 
fractions and negative numbers. Explaining why the sum of a rational and an 
irrational number is irrational, or why the product is irrational, includes reasoning 
about the inverse relationship between addition and subtraction (or between 
multiplication and addition). 

 

Example: 

• Explain why the number 2π must be irrational, given that π is irrational. 
Answer: if 2π were rational, then half of 2π would also be rational, so π 
would have to be rational as well. 
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Number and Quantity: Quantities« (N-Q) 
Reason quantitatively and use units to solve problems. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-Q.1. Use units as a 
way to understand problems 
and to guide the solution of 
multi-step problems; choose 
and interpret units 
consistently in formulas; 
choose and interpret the 
scale and the origin in graphs 
and data displays. 

 

Connections:  
SCHS-S1C4-02; 

SSHS-S5C5-01 

9-10 

+ 

« 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
 

Include word problems where quantities are given in different units, which must be 
converted to make sense of the problem. For example, a problem might have an 
object moving12 feet per second and another at 5 miles per hour. To compare 
speeds, students convert 12 feet per second to miles per hour: 

  

hr24
day1

min60
hr1

sec60
min1sec24000 •••  which is more than 8 miles per hour.  

 

Graphical representations and data displays include, but are not limited to: line 
graphs, circle graphs, histograms, multi-line graphs, scatterplots, and multi-bar 
graphs. 

HS.N-Q.2. Define appropriate 
quantities for the purpose of 
descriptive modeling. 

 

Connection: SSHS-S5C5-01 

9-10 

+ 

« 

HS.MP.4. Model with 
mathematics. 
 
 
HS.MP.6. Attend to precision. 

Examples: 

• What type of measurements would one use to determine their income and 
expenses for one month? 

• How could one express the number of accidents in Arizona? 



 

Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 
 8 

Number and Quantity: Quantities« (N-Q) 
Reason quantitatively and use units to solve problems. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-Q.3. Choose a level of 
accuracy appropriate to 
limitations on measurement 
when reporting quantities. 

9-10 

« 

HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 

The margin of error and tolerance limit varies according to the measure, tool used, 
and context. 

 

Example: 

• Determining price of gas by estimating to the nearest cent is appropriate 

because you will not pay in fractions of a cent but the cost of gas is 
gallon

479.3$ . 

 

Number and Quantity: The Complex Number System (N-CN) 
Perform arithmetic operations with complex numbers. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-CN.1. Know there is a 
complex number i such that i2 
= −1, and every complex 
number has the form a + bi 
with a and b real. 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.6. Attend to precision. 
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Number and Quantity: The Complex Number System (N-CN) 
Perform arithmetic operations with complex numbers. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-CN.2. Use the relation 
i2 = –1 and the commutative, 
associative, and distributive 
properties to add, subtract, 
and multiply complex 
numbers. 

 

Connection: 11-12.RST.4 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.7. Look for and make 
use of structure. 

Example: 

• Simplify the following expression.  Justify each step using the commutative, 
associative and distributive properties. 

( ) ( )ii 4723 +−−  
 

Solutions may vary; one solution follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

( )( )
( ) ( )

( )
( )

i
i

i
i

ii

ii

iii

iii

iii
ii

2613
26821

82621
)1(82621

82621

8141221

8141221

8141221

472473
4723

2

2

2

2

+−
++−

++−
−−+−

−+−

−++−

−++−

−++−

+−−+−
+−−

Distributive Property 

Distributive Property 

Distributive Property 

Associative Property 

Computation 

Computation 

Computation 
Commutative Property 

12 −=i  
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Number and Quantity: The Complex Number System (N-CN) 
Perform arithmetic operations with complex numbers. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-CN.3. Find the 
conjugate of a complex 
number; use conjugates to 
find moduli and quotients of 
complex numbers. 

 

Connection: 11-12.RST.3 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.7. Look for and make 
use of structure. 

Example:  

• Given w = 2 – 5i and z = 3 + 4i 

a. Use the conjugate to find the modulus of w. 

b. Find the quotient of z and w. 

Solution: 

a. 
 
 
 
 
 
 
 
 
 
 
 
b. 
 
 
 
 
 
 
 
 
 
 

( )( )

29

29

254

)1(254

254

2510104

5252

2

2

2

22

22

2

2

=

=

+=

−−=

−=

−−+=

+−=

=

w

w

w

w

iw

iiiw

iiw

www

29
2314

254
208156

52
52

52
43
52
43

i
w
z

ii
w
z

i
i

i
i

w
z

i
i

w
z

+−
=

+
−++

=









+
+

−
+

=

−
+

=
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Number and Quantity: The Complex Number System (N-CN) 
Represent complex numbers and their operations on the complex plane. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-CN.4. Represent 
complex numbers on the 
complex plane in rectangular 
and polar form (including real 
and imaginary numbers), and 
explain why the rectangular 
and polar forms of a given 
complex number represent 
the same number. 

 

Connection: 11-12.RST.3 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.7. Look for and make 
use of structure. 

Students will represent complex numbers using rectangular and polar coordinates. 

 

                                                                          a + bi = r(cos θ + sin θ) 

                                                                             

 

 

Examples: 

• Plot the points corresponding to 3 – 2i and 1 + 4i. Add these complex numbers 
and plot the result. How is this point related to the two others? 

• Write the complex number with modulus (absolute value) 2 and argument π/3 
in rectangular form. 

• Find the modulus and argument ( πθ 20 << ) of the number 6 + −6 .  
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Number and Quantity: The Complex Number System (N-CN) 
Perform arithmetic operations with complex numbers. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-CN.5. Represent 
addition, subtraction, 
multiplication, and 
conjugation of complex 
numbers geometrically on the 
complex plane; use 
properties of this 
representation for 
computation. For example,  

(-1 + √3 i)3 = 8 because  

(-1 + √3 i) has modulus 2 and 
argument 120°. 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.7. Look for and make 
use of structure. 

 

HS.N-CN.6. Calculate the 
distance between numbers in 
the complex plane as the 
modulus of the difference, 
and the midpoint of a 
segment as the average of 
the numbers at its endpoints. 

 

Connection: 11-12.RST.3 

v HS.MP.2. Reason abstractly 
and quantitatively. 
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Number and Quantity: The Complex Number System (N-CN) 
Use complex numbers in polynomial identities and equations. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-CN.7. Solve quadratic 
equations with real 
coefficients that have 
complex solutions. 

v  Examples: 

• Within which number system can x2 = – 2 be solved? Explain how you know. 

• Solve x2+ 2x + 2 = 0 over the complex numbers. 

• Find all solutions of  2x2 + 5 = 2x and express them in the form a + bi. 

 
HS.N-CN.8. Extend 
polynomial identities to the 
complex numbers. For 
example, rewrite x2 + 4 as  

(x + 2i)(x – 2i). 

v HS.MP.7. Look for and make 
use of structure. 
 
 

 

HS.N-CN.9. Know the 
Fundamental Theorem of 
Algebra; show that it is true 
for quadratic polynomials. 

 

Connection: 11-12.WHST.1c 

v HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.7. Look for and make 
use of structure. 

Examples: 

• How many zeros does 832 2 −+− xx have? Find all the zeros and 
explain, orally or in written format, your answer in terms of the 
Fundamental Theorem of Algebra. 

• How many complex zeros does the following polynomial have? How 
do you know? 

( )12)3()2()3()( 22 −−+−= xxxxxp  
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Number and Quantity: Vector and Matrix Quantities (N-VM) 
Represent and model with vector quantities. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-VM.1. Recognize 
vector quantities as having 
both magnitude and direction. 
Represent vector quantities 
by directed line segments, 
and use appropriate symbols 
for vectors and their 
magnitudes (e.g., v, |v|, ||v||, 
v). 

+ 

 

HS.MP.4. Model with 
mathematics. 
 

 

HS.N-VM.2. Find the 
components of a vector by 
subtracting the coordinates of 
an initial point from the 
coordinates of a terminal 
point. 

+ 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
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Number and Quantity: Vector and Matrix Quantities (N-VM) 
Represent and model with vector quantities. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-VM.3. Solve problems 
involving velocity and other 
quantities that can be 
represented by vectors. 

 

Connections: 11-12.RST.9 

SCHS-S5C2-01; 

SCHS-S5C2-02; 

SCHS-S5C2-06; 

11-12.WHST.2d 

+ 

 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 

Examples: 

• A motorboat traveling from one shore to the other at a rate of 5 m/s 
east encounters a current flowing at a rate of 3.5 m/s north. 

o What is the resultant velocity? 

o If the width of the river is 60 meters wide, then how much time does it take 
the boat to travel to the opposite shore? 

o What distance downstream does the boat reach the opposite shore? 

 

• A ship sails 12 hours at a speed of 15 knots (nautical miles per hour) 
at a heading of 68º north of east. It then turns to a heading of 75º 
north of east and travels for 5 hours at 8 knots.  Find its position 
north and east of its starting point.  (For this problem, assume the 
earth is flat.) 

 

• The solution may require an explanation, orally or in written form, that includes 
understanding of velocity and other relevant quantities. 
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Number and Quantity: Vector and Matrix Quantities (N-VM) 
Perform operations on vectors. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-VM.4. Add and subtract 
vectors. 

+ 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
 

Addition of vectors is used to determine the resultant of two given vectors. This can 
be done by lining up the vectors end to end, adding the components, or using the 
parallelogram rule. Students may use applets to help them visualize operations of 
vectors given in rectangular or polar form.  

 

 

 

a. Add vectors end-to-end, 
component-wise, and by 
the parallelogram rule. 
Understand that the 
magnitude of a sum of 
two vectors is typically 
not the sum of the 
magnitudes. 

+ 

 

b. Given two vectors in 
magnitude and direction 
form, determine the 
magnitude and direction 
of their sum. 

+ 
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Number and Quantity: Vector and Matrix Quantities (N-VM) 
Perform operations on vectors. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
c.  Understand vector 

subtraction v – w as v + 
(–w), where –w is the 
additive inverse of w, with 
the same magnitude as w 
and pointing in the 
opposite direction. 
Represent vector 
subtraction graphically by 
connecting the tips in the 
appropriate order, and 
perform vector 
subtraction component-
wise. 

 

Connection: ETHS-S6C1-03 

 

+ 

 

 

Example: 

• Given two vectors u and v, can the magnitude of the resultant be found by 
adding the magnitude of each vector? Use an example to illustrate your 
explanation. 

• If u = 8,2 −−  and v = 8,2 , find u + v, u + (-v), and u – v. Explain the 

relationship between u + (-v) and u – v in terms of the vector components. 

• A plane is flying due east at an average speed of 500 miles per hour. There 
is a crosswind from the south at 60 miles per hour. What is the magnitude 
and direction of the resultant? 

HS.N-VM.5. Multiply a vector 
by a scalar. 

+ 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
 

The result of multiplying a vector v by a positive scalar c is a vector in the same 
direction as v with a magnitude of cv. If c is negative, then the direction of v is 
reversed by scalar multiplication. Students will represent scalar multiplication 
graphically and component-wise. Students may use applets to help them visualize 
operations of vectors given in rectangular or polar form. 

Example: 

• Given u = 4,2 , write the components and draw the vectors for u, 2u, ½u, 
and –u. How are the vectors related? 

a. Represent scalar 
multiplication graphically 
by scaling vectors and 
possibly reversing their 
direction; perform scalar 
multiplication component-
wise, e.g., as c(vx, vy) = 
(cvx, cvy). 

+ 
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Number and Quantity: Vector and Matrix Quantities (N-VM) 
Perform operations on vectors. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
b. Compute the magnitude of 

a scalar multiple cv using 
||cv|| = |c|v. Compute the 
direction of cv knowing 
that when |c|v  ≠ 0, the 
direction of cv is either 
along v (for c > 0) or 
against v (for c < 0). 

 

Connection: ETHS-S6C1-03 

+ 

 

 

 

Number and Quantity: Vector and Matrix Quantities (N-VM) 
Perform operations on matrices and use matrices in applications. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-VM.6. Use matrices to 
represent and manipulate 
data, e.g., to represent 
payoffs or incidence 
relationships in a network. 

 

Connections: 9-10.RST.7;  
9-10.WHST.2f; 11-12.RST.9;  
11-12.WHST.2e  
ETHS-S6C2-03; 

9-10 

+ 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
 

Students may use graphing calculators and spreadsheets to create and perform 
operations on matrices. 

The adjacency matrix of a simple graph is a matrix with rows and columns labeled by 
graph vertices, with a 1 or a 0 in position (vi, vj) according to whether vi and vj are 
adjacent or not. A “1” indicates that there is a connection between the two vertices, 
and a “0” indicates that there is no connection. 

Example: 

• Write an inventory matrix for the following situation. A teacher is buying 
supplies for two art classes. For class 1, the teacher buys 24 tubes of paint, 
12 brushes, and 17 canvases. For class 2, the teacher buys 20 tubes of 
paint, 14 brushes and 15 canvases. Next year, she has 3 times as many 
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Number and Quantity: Vector and Matrix Quantities (N-VM) 
Perform operations on matrices and use matrices in applications. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    

students in each class. What affect does this have on the amount of 
supplies? 

Solution: 

 

Year 1 

 

 

Year 2 

 

 

 

 

Class 1 
Class 2 








151420
171224

 

P B C 

Class 1 
Class 2 








454260
513672

 

P B C 
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Number and Quantity: Vector and Matrix Quantities (N-VM) 
Perform operations on matrices and use matrices in applications. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-VM.7. Multiply matrices 
by scalars to produce new 
matrices, e.g., as when all of 
the payoffs in a game are 
doubled. 

 

Connections: 9-10.RST.3; 

ETHS-S6C2-03 

 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 

Students may use graphing calculators and spreadsheets to create and perform 
operations on matrices. 

 

Example: 

 

• 
















−
−

−
−

802
206341
15197

3  

• The following is an inventory matrix for Company A’s jellybean, lollipop, and 
gum flavors. The price per unit is $0.03 for jelly beans, gum, and lollipops. 
Determine the gross profit for each flavor and for the entire lot. 
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Number and Quantity: Vector and Matrix Quantities (N-VM) 
Perform operations on matrices and use matrices in applications. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-VM.8. Add, subtract, 
and multiply matrices of 
appropriate dimensions. 

 

Connections: 9-10.RST.3; 

ETHS-S6C2-03 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 

Students may use graphing calculators and spreadsheets to create and perform 
operations on matrices. 

 

Example: 

 

• Find 2A – B + C and BA • given Matrices A, B and C below. 

 

                      Matrix A                    Matrix B                  Matrix C 

 

                  
















−
−

−

802
206341
15197

             
















−−
−−

8639
114718
551823           















−

87213
80951
1274
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Number and Quantity: Vector and Matrix Quantities (N-VM) 
Perform operations on matrices and use matrices in applications. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-VM.9. Understand that, 
unlike multiplication of 
numbers, matrix multiplication 
for square matrices is not a 
commutative operation, but 
still satisfies the associative 
and distributive properties. 

 

Connections:  

ETHS-S6C2-03; 
9-10.WHST.1e 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.6. Attend to precision. 

Students may use graphing calculators and spreadsheets to create and perform 
operations on matrices. 

 

Example: 

• Given 






 −
=








−

=






−
=

79
26

54
32

64
31

CandBandA ;                         

 

determine if the following statements are true: 

 

o AB = BA 

o (AB)C = A(BC) 

 

HS.N-VM.10. Understand 
that the zero and identity 
matrices play a role in matrix 
addition and multiplication 
similar to the role of 0 and 1 
in the real numbers. The 
determinant of a square 
matrix is nonzero if and only if 
the matrix has a multiplicative 
inverse. 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.6. Attend to precision. 
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Number and Quantity: Vector and Matrix Quantities (N-VM) 
Perform operations on matrices and use matrices in applications. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.N-VM.11. Multiply a 
vector (regarded as a matrix 
with one column) by a matrix 
of suitable dimensions to 
produce another vector. Work 
with matrices as 
transformations of vectors. 

 

Connections:  
ETHS-S6C1-03; 

11-12.WHST.1a 

+ 

 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 

A matrix is a two dimensional array with rows and columns; a vector is a one 
dimensional array that is either one row or one column of the matrix. 

 

Students will use matrices to transform geometric objects in the coordinate plane. 
Students may demonstrate transformations using dynamic geometry programs or 
applets. They will explain the relationship between the ordered pair representation of 
a vector and its graphical representation. 
 

HS.N-VM.12. Work with 2 × 2 
matrices as transformations 
of the plane, and interpret the 
absolute value of the 
determinant in terms of area. 

 

Connection: ETHS-S6C1-03 

 

+ 

 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 

Students should be able to utilize matrix multiplication to perform reflections, 
rotations and dilations, and find the area of a parallelogram. Students may 
demonstrate these relationships using dynamic geometry programs or applets. 
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High School - Algebra Overview 
 

Seeing Structure in Expressions (A-SSE) 

• Interpret the structure of expressions 

• Write expressions in equivalent forms to solve problems 

Arithmetic with Polynomials and Rational Expressions (A-APR) 

• Perform arithmetic operations on polynomials 

• Understand the relationship between zeros and factors of 
polynomials 

• Use polynomial identities to solve problems 

• Rewrite rational expressions 

Creating Equations (A-CED) 

• Create equations that describe numbers or relationships 

Reasoning with Equations and Inequalities (A-REI) 

• Understand solving equations as a process of reasoning and 
explain the reasoning 

• Solve equations and inequalities in one variable 

• Solve systems of equations 

• Represent and solve equations and inequalities graphically 

Mathematical Practices (MP) 

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

2. Reason abstractly and quantitatively. 

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

4. Model with mathematics. 

5. Use appropriate tools strategically. 

6. Attend to precision. 

7. Look for and make use of structure. 

8. Look for and express regularity in repeated reasoning. 
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High School - Algebra 
 
Expressions. An expression is a record of a computation with numbers, symbols that represent numbers, arithmetic operations, exponentiation, 
and, at more advanced levels, the operation of evaluating a function. Conventions about the use of parentheses and the order of operations assure 
that each expression is unambiguous. Creating an expression that describes a computation involving a general quantity requires the ability to 
express the computation in general terms, abstracting from specific instances. 
 
Reading an expression with comprehension involves analysis of its underlying structure. This may suggest a different but equivalent way of writing 
the expression that exhibits some different aspect of its meaning. For example, p + 0.05p can be interpreted as the addition of a 5% tax to a price p. 
Rewriting p + 0.05p as 1.05p shows that adding a tax is the same as multiplying the price by a constant factor. 
 
Algebraic manipulations are governed by the properties of operations and exponents, and the conventions of algebraic notation. At times, an 
expression is the result of applying operations to simpler expressions. For example, p + 0.05p is the sum of the simpler expressions p and 0.05p. 
Viewing an expression as the result of operation on simpler expressions can sometimes clarify its underlying structure. 
 
A spreadsheet or a computer algebra system (CAS) can be used to experiment with algebraic expressions, perform complicated algebraic 
manipulations, and understand how algebraic manipulations behave. 
 
Equations and Inequalities. An equation is a statement of equality between two expressions, often viewed as a question asking for which values 
of the variables the expressions on either side are in fact equal. These values are the solutions to the equation.  An identity, in contrast, is true for all 
values of the variables; identities are often developed by rewriting an expression in an equivalent form. 
 
The solutions of an equation in one variable form a set of numbers; the solutions of an equation in two variables form a set of ordered pairs of 
numbers, which can be plotted in the coordinate plane. Two or more equations and/or inequalities form a system. A solution for such a system must 
satisfy every equation and inequality in the system. 
 
An equation can often be solved by successively deducing from it one or more simpler equations. For example, one can add the same constant to 
both sides without changing the solutions, but squaring both sides might lead to extraneous solutions. Strategic competence in solving includes 
looking ahead for productive manipulations and anticipating the nature and number of solutions. 
 
Some equations have no solutions in a given number system, but have a solution in a larger system. For example, the solution of x + 1 = 0 is an 
integer, not a whole number; the solution of 2x + 1 = 0 is a rational number, not an integer; the solutions of x2 – 2 = 0 are real numbers, not rational 
numbers; and the solutions of x2 + 2 = 0 are complex numbers, not real numbers. 
 
The same solution techniques used to solve equations can be used to rearrange formulas. For example, the formula for the area of a trapezoid, A = 
((b1+b2)/2)h, can be solved for h using the same deductive process.  
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Inequalities can be solved by reasoning about the properties of inequality. Many, but not all, of the properties of equality continue to hold for 
inequalities and can be useful in solving them. 
 
Connections to Functions and Modeling. Expressions can define functions, and equivalent expressions define the same function. Asking when 
two functions have the same value for the same input leads to an equation; graphing the two functions allows for finding approximate solutions of 
the equation. Converting a verbal description to an equation, inequality, or system of these is an essential skill in modeling. 
 

Algebra: Seeing Structure in Expressions (A-SSE) 
Interpret the structure of expressions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-SSE.1. Interpret 
expressions that represent a 
quantity in terms of its 
context. 

9-10 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.7. Look for and make 
use of structure. 

Students should understand the vocabulary for the parts that make up the whole 
expression and be able to identify those parts and interpret there meaning in terms of 
a context. 

a. Interpret parts of an 
expression, such as 
terms, factors, and 
coefficients. 

 

Connection: 9-10.RST.4 

9-10 

« 

b. Interpret complicated 
expressions by viewing 
one or more of their parts 
as a single entity. For 
example, interpret P(1+r)n 
as the product of P and a 
factor not depending on 
P. 

9-10 

« 
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Algebra: Seeing Structure in Expressions (A-SSE) 
Interpret the structure of expressions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-SSE.2. Use the 
structure of an expression to 
identify ways to rewrite it. For 
example, see x4 – y4 as  

(x2)2 – (y2)2, thus recognizing 
it as a difference of squares 
that can be factored as  

(x2 – y2)(x2 + y2). 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.7. Look for and make 
use of structure. 

Students should extract the greatest common factor (whether a constant, a variable, 
or a combination of each). If the remaining expression is quadratic, students should 
factor the expression further. 

 

Example: 

Factor xxx 352 23 −−  

 

Algebra: Seeing Structure in Expressions (A-SSE) 
Write expressions in equivalent forms to solve problems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-SSE.3. Choose and 
produce an equivalent form of 
an expression to reveal and 
explain properties of the 
quantity represented by the 
expression. 
 
Connections: 9-10.WHST.1c; 
11-12.WHST.1c 

9-10 

+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 

Students will use the properties of operations to create equivalent expressions. 

 

Examples: 

• Express 2(x3 – 3x2 + x – 6) – (x – 3)(x + 4) in factored form and use your 
answer to say for what values of x the expression is zero. 

• Write the expression below as a constant times a power of x and use your 
answer to decide whether the expression gets larger or smaller as x gets 
larger. 

a. Factor a quadratic 
expression to reveal the 
zeros of the function it 
defines. 

9-10 

« 

HS.MP.4. Model with 
mathematics. 
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b. Complete the square in a 
quadratic expression to 
reveal the maximum or 
minimum value of the 
function it defines. 

9-10 

« 

HS.MP.7. Look for and make 
use of structure. o 

3 2 4

2 3

(2 ) (3 )
( )

x x
x

 

 

c. Use the properties of 
exponents to transform 
expressions for 
exponential functions. 
For example the 
expression 1.15t can be 
rewritten as (1.151/12)12t ≈ 
1.01212t to reveal the 
approximate equivalent 
monthly interest rate if 
the annual rate is 15%. 

+ 

« 

 

 

Algebra: Seeing Structure in Expressions (A-SSE) 
Write expressions in equivalent forms to solve problems 

Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-SSE.4. Derive the 
formula for the sum of a finite 
geometric series (when the 
common ratio is not 1), and 
use the formula to solve 
problems. For example, 
calculate mortgage 
payments. 
 
Connection: 11-12.RST.4 

v 
« 

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

HS.MP.4. Model with 
mathematics. 
 

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

Example: 

• In February, the Bezanson family starts saving for a trip to Australia in 
September. The Bezanson’s expect their vacation to cost $5375.  They start 
with $525.  Each month they plan to deposit 20% more than the previous 
month.  Will they have enough money for their trip? 
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Algebra: Arithmetic with Polynomials and Rational Expressions (A-APR) 
Perform arithmetic operations on polynomials. 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-APR.1. Understand that 
polynomials form a system 
analogous to the integers, 
namely, they are closed 
under the operations of 
addition, subtraction, and 
multiplication; add, subtract, 
and multiply polynomials. 

Connection: 9-10.RST.4 

9-10 

 

HS.MP.8. Look for regularity 
in repeated reasoning. 

 

 

Algebra: Arithmetic with Polynomials and Rational Expressions (A-APR) 
Understand the relationship between zeros and factors of polynomials 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-APR.2. Know and apply 
the Remainder Theorem: For 
a polynomial p(x) and a 
number a, the remainder on 
division by x – a is p(a), so 
p(a) = 0 if and only if (x – a) is 
a factor of p(x). 

+ 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 

The Remainder theorem says that if a polynomial p(x) is divided by x – a, then the 
remainder is the constant p(a).  That is, p(x)=q(x)(x − a)+ p(a).So if p(a) = 0 then 
p(x) = q(x)(x-a). 

• Let p(x)= x5 −3x4 +8x2 − 9x+30 .  Evaluate p(-2). What does your 
answer tell you about the factors of p(x)? [Answer: p(-2) = 0 so x+2 is a 
factor.] 
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Algebra: Arithmetic with Polynomials and Rational Expressions (A-APR) 
Understand the relationship between zeros and factors of polynomials 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-APR.3. Identify zeros of 
polynomials when suitable 
factorizations are available, 
and use the zeros to 
construct a rough graph of 
the function defined by the 
polynomial. 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 

Graphing calculators or programs can be used to generate graphs of polynomial 
functions. 

 

Example: 

• Factor the expression x3 + 4x2 − 59x −126 and explain how your answer 

can be used to  solve the equation x3 + 4x2 − 59x −126 = 0 . Explain why 
the solutions to this equation are the same as the x-intercepts of the graph of 
the function f (x) = x3 + 4x2 − 59x −126 . 

 

Algebra: Arithmetic with Polynomials and Rational Expressions (A-APR) 
Use polynomial identities to solve problems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-APR.4. Prove 
polynomial identities and use 
them to describe numerical 
relationships. For example, 
the polynomial identity 
(x2+y2)2 = (x2– y2)2 + (2xy)2 

can be used to generate 
Pythagorean triples. 

+ 

 

HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Examples: 

 

Use the distributive law to explain why x2 – y2 = (x – y)(x + y) for any two 
numbers x and y. 
Derive the identity (x – y)2 = x2 – 2xy + y2 from (x + y)2 = x2 + 2xy + y2 by 
replacing y by –y. 
Use an identity to explain the pattern 
22 – 12 = 3 
32 – 22 = 5 
42 – 32 = 7 
52 – 42 = 9 
[Answer: (n + 1)2 - n2 = 2n + 1 for any whole number n.] 
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Algebra: Arithmetic with Polynomials and Rational Expressions (A-APR) 
Use polynomial identities to solve problems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-APR.5. Know and apply 
the Binomial Theorem for the 
expansion of (x + y)n in 
powers of x and y for a 
positive integer n, where x 
and y are any numbers, with 
coefficients determined for 
example by Pascal’s 
Triangle. (The Binomial 
Theorem can be proved by 
mathematical induction or by 
a combinatorial argument.) 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 

Examples: 

• Use Pascal’s Triangle to expand the expression 4)12( −x . 

• Find the middle term in the expansion of 182 )2( +x . 

•  

 

 

            ↑       ↑        ↑       ↑       ↑ 

                 4C0      4C1    4C2      4C3      4C4 

 

 

 

 

 

 

 

 

(x+1)3 = x3+3x2+3x+1 
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Algebra: Arithmetic with Polynomials and Rational Expressions (A-APR) 
Rewrite rational expressions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-APR.6. Rewrite simple 
rational expressions in 
different forms; write a(x)/b(x) 
in the form q(x) + r(x)/b(x), 
where a(x), b(x), q(x), and 
r(x) are polynomials with the 
degree of r(x) less than the 
degree of b(x), using 
inspection, long division, or, 
for the more complicated 
examples, a computer 
algebra system. 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.7. Look for and make 
use of structure. 

The polynomial q(x) is called the quotient and the polynomial r(x) is called the 
remainder. Expressing a rational expression in this form allows one to see different 
properties of the graph, such as horizontal asymptotes. 

 

Examples: 

• Find the quotient and remainder for the rational expression   and use 
them to write the expression in a different form. 

•  Express  in a form that reveals the horizontal asymptote of its 

graph. [Answer: , so the horizontal 
asymptote is y = 2.] 

 

HS.A-APR.7. Understand that 
rational expressions form a 
system analogous to the 
rational numbers, closed 
under addition, subtraction, 
multiplication, and division by 
a nonzero rational 
expression; add, subtract, 
multiply, and divide rational 
expressions. 

9-10 

 

HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Examples: 

• Use the formula for the sum of two fractions to explain why the sum of two 
rational expressions is another rational expression. 

• Express  in the form , where a(x) and b(x) are polynomials.  
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Algebra: Creating Equations« (A-CED) 
Create equations that describe numbers or relationships 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-CED.1. Create 
equations and inequalities in 
one variable and use them to 
solve problems. Include 
equations arising from linear 
and quadratic functions, and 
simple rational and 
exponential functions. 

v 
« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 

Equations can represent real world and mathematical problems. Include equations 
and inequalities that arise when comparing the values of two different functions, such 
as one describing linear growth and one describing exponential growth. 

 

Examples: 

• Given that the following trapezoid has area 54 cm2, set up an equation to 
find the length of the base, and solve the equation.  

 

 

 

• Lava coming from the eruption of a volcano follows a parabolic path. The 
height h in feet of a piece of lava t seconds after it is ejected from the volcano 
is given  by  After how many seconds does the lava 
reach its maximum height of 1000 feet? 

 

HS.A-CED.2. Create 
equations in two or more 
variables to represent 
relationships between 
quantities; graph equations 
on coordinate axes with 
labels and scales. 

9-10 

« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 

 



 

Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 
 34 

Algebra: Creating Equations« (A-CED) 
Create equations that describe numbers or relationships 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-CED.3. Represent 
constraints by equations or 
inequalities, and by systems 
of equations and/or 
inequalities, and interpret 
solutions as viable or non-
viable options in a modeling 
context. For example, 
represent inequalities 
describing nutritional and cost 
constraints on combinations 
of different foods. 

9-10 

« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 

Example: 
• A club is selling hats and jackets as a fundraiser. Their budget is $1500 and 

they want to order at least 250 items. They must buy at least as many hats 
as they buy jackets. Each hat costs $5 and each jacket costs $8. 

o Write a system of inequalities to represent the situation. 

o Graph the inequalities. 

o If the club buys 150 hats and 100 jackets, will the conditions be satisfied? 

o What is the maximum number of jackets they can buy and still meet the 
conditions? 
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Algebra: Creating Equations« (A-CED) 
Create equations that describe numbers or relationships 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-CED.4. Rearrange 
formulas to highlight a 
quantity of interest, using the 
same reasoning as in solving 
equations. For example, 
rearrange Ohm’s law V = IR 
to highlight resistance R. 

9-10 

« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Examples:  

• The Pythagorean Theorem expresses the relation between the legs a and b 
of a right triangle and its hypotenuse c with the equation a2 + b2 = c2.  

o Why might the theorem need to be solved for c?  

o Solve the equation for c and write a problem situation where this form of 
the equation might be useful. 

• Solve 34
3

V rπ=  for radius r. 

• Motion can be described by the formula below, where t = time elapsed, 
u=initial velocity, a = acceleration, and s = distance traveled     

 

s = ut+½at2 

 

o Why might the equation need to be rewritten in terms of a?  

• Rewrite the equation in terms of a. 
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Algebra: Reasoning with Equations and Inequalities (A-REI) 
Understand solving equations as a process of reasoning and explain the reasoning 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-REI.1. Explain each 
step in solving a simple 
equation as following from 
the equality of numbers 
asserted at the previous step, 
starting from the assumption 
that the original equation has 
a solution. Construct a viable 
argument to justify a solution 
method. 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.7. Look for and make 
use of structure.  
 
 

Properties of operations can be used to change expressions on either side of the 
equation to equivalent expressions. In addition, adding the same term to both sides 
of an equation or multiplying both sides by a non-zero constant produces an equation 
with the same solutions. Other operations, such as squaring both sides, may produce 
equations that have extraneous solutions. 

 

Examples: 

 

• Explain why the equation x/2 + 7/3 = 5 has the same solutions as the 
equation 3x + 14 = 30. Does this mean that x/2 + 7/3 is equal to 3x + 14? 

• Show that x = 2 and x = -3 are solutions to the equation  Write 
the equation in a form that shows these are the only solutions, explaining 
each step in your reasoning. 

 
HS.A-REI.2. Solve simple 
rational and radical equations 
in one variable, and give 
examples showing how 
extraneous solutions may 
arise. 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.7. Look for and make 
use of structure. 
 
 

Examples: 

• 52 =+x  

• 2152
8
7

=−x  

• Solv 

• 473 −=−x  
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Algebra: Reasoning with Equations and Inequalities (A-REI) 
Solve equations and inequalities in one variable 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-REI.3. Solve linear 
equations and inequalities in 
one variable, including 
equations with coefficients 
represented by letters. 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.7. Look for and make 
use of structure.  
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Examples: 

• 
7 8 111
3

y− − =  

• 3x > 9 

• ax + 7 = 12 

• 
4

9
7

3 −
=

+ xx  

• Solve for x:  2/3x + 9 < 18 

HS.A-REI.4. Solve quadratic 
equations in one variable. 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.7. Look for and make 
use of structure.  
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

 

Students should solve by factoring, completing the square, and using the quadratic 
formula. The zero product property is used to explain why the factors are set equal to 
zero. Students should relate the value of the discriminant to the type of root to 
expect. A natural extension would be to relate the type of solutions to ax2 + bx + c  = 
0  to the behavior of the graph of y  = ax2 + bx + c . 

 

 

a. Use the method of 
completing the square to 
transform any quadratic 
equation in x into an 
equation of the form (x – 
p)2 = q that has the same 
solutions. Derive the 
quadratic formula from 
this form. 

v 
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Algebra: Reasoning with Equations and Inequalities (A-REI) 
Solve equations and inequalities in one variable 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
b.  Solve quadratic equations 

by inspection (e.g., for x2 
= 49), taking square 
roots, completing the 
square, the quadratic 
formula and factoring, as 
appropriate to the initial 
form of the equation. 
Recognize when the 
quadratic formula gives 
complex solutions and 
write them as a ± bi for 
real numbers a and b. 

v Value of Discriminant Nature of Roots Nature of Graph 

b2 – 4ac = 0 1 real roots intersects x-axis once 

b2 – 4ac > 0  2 real roots intersects x-axis twice 
b2 – 4ac < 0 2 complex roots does not intersect x-axis 

 

• Are the roots of 2x2 + 5 = 2x real or complex? How many roots does it have? 
Find all solutions of the equation. 

• What is the nature of the roots of x2 + 6x + 10 = 0? Solve the equation using 
the quadratic formula and completing the square. How are the two methods 
related? 

 

Algebra: Reasoning with Equations and Inequalities (A-REI) 
Solve systems of equations 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-REI.5. Prove that, given 
a system of two equations in 
two variables, replacing one 
equation by the sum of that 
equation and a multiple of the 
other produces a system with 
the same solutions. 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 

Example: 
 
Given that the sum of two numbers is 10 and their difference is 4, what are the 
numbers? Explain how your answer can be deduced from the fact that they two 
numbers, x and y, satisfy the equations x + y = 10 and x – y = 4. 
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Algebra: Reasoning with Equations and Inequalities (A-REI) 
Solve systems of equations 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-REI.6. Solve systems 
of linear equations exactly 
and approximately (e.g., with 
graphs), focusing on pairs of 
linear equations in two 
variables. 

 

Connection: ETHS-S6C2-03 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure.  
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

The system solution methods can include but are not limited to graphical, 
elimination/linear combination, substitution, and modeling.  Systems can be written 
algebraically or can be represented in context. Students may use graphing 
calculators, programs, or applets to model and find approximate solutions for 
systems of equations.  

Examples:  

• José had 4 times as many trading cards as Phillipe.  After José gave away 50 
cards to his little brother and Phillipe gave 5 cards to his friend for this 
birthday, they each had an equal amount of cards. Write a system to describe 
the situation and solve the system. 

 

 

 

 

       

• Solve the system of equations:   x+ y = 11 and 3x – y = 5.                         
Use a second method to check your answer. 

• Solve the system of equations: 

x – 2y + 3z = 5, x + 3z = 11, 5y – 6z = 9. 

 

• The opera theater contains 1,200 seats, with three different prices. The 
seats cost $45 dollars per seat, $50 per seat, and $60 per seat. The 
opera needs to gross $63,750 on seat sales. There are twice as many 
$60 seats as $45 seats. How many seats in each level need to be sold? 
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Algebra: Reasoning with Equations and Inequalities (A-REI) 
Solve systems of equations 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-REI.7. Solve a simple 
system consisting of a linear 
equation and a quadratic 
equation in two variables 
algebraically and graphically. 
For example, find the points 
of intersection between the 
line y = –3x and the circle x2 
+ y2 = 3. 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure.  
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Example: 

• Two friends are driving to the Grand Canyon in separate cars. Suzette has 
been there before and knows the way but Andrea does not. During the trip 
Andrea gets ahead of Suzette and pulls over to wait for her. Suzette is 
traveling at a constant rate of 65 miles per hour. Andrea sees Suzette drive 
past. To catch up, Andrea accelerates at a constant rate. The distance in 
miles (d) that her car travels as a function of time in hours (t) since Suzette’s 
car passed is given by d = 3500t2.  

Write and solve a system of equations to determine how long it takes for 
Andrea to catch up with Suzette. 

 

HS.A-REI.8. Represent a 
system of linear equations as 
a single matrix equation in a 
vector variable. 

v  Example: 

• Write the system 








=+
=−+

=+−

1132
0

42

ca
cba

cb
  as a matrix equation.                           

Identify the coefficient matrix, the variable matrix, and the constant matrix. 
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Algebra: Reasoning with Equations and Inequalities (A-REI) 
Solve systems of equations 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-REI.9. Find the inverse 
of a matrix if it exists and use 
it to solve systems of linear 
equations (using technology 
for matrices of dimension 3 × 
3 or greater). 

 

Connection: ETHS-S6C2-03 

v HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 

Students will perform multiplication, addition, subtraction, and scalar multiplication of 
matrices. They will use the inverse of a matrix to solve a matrix equation. Students 
may use graphing calculators, programs, or applets to model and find solutions for 
systems of equations.     Example: 

• Solve the system of equations by converting to a matrix equation and using 
the inverse of the coefficient matrix. 

5 2 4
3 2 0

x y
x y

+ =
 + =

 

Solution:  

Matrix 







=

23
25

A  

Matrix 
x

X
y

 
=  

 
 

Matrix 
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=  
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Algebra: Reasoning with Equations and Inequalities (A-REI) 
Represent and solve equations and inequalities graphically 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-REI.10. Understand 
that the graph of an equation 
in two variables is the set of 
all its solutions plotted in the 
coordinate plane, often 
forming a curve (which could 
be a line). 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 

Example: 
 

• Which of the following points is on the circle with equation 
?  

(a) (1, -2)    (b) (2, 2)    (c) (3, -1)    (d) (3, 4) 

HS.A-REI.11. Explain why 
the x-coordinates of the 
points where the graphs of 
the equations y = f(x) and y = 
g(x) intersect are the 
solutions of the equation f(x) 
= g(x); find the solutions 
approximately, e.g., using 
technology to graph the 
functions, make tables of 
values, or find successive 
approximations. Include 
cases where f(x) and/or g(x) 
are linear, polynomial, 
rational, absolute value, 
exponential, and logarithmic 
functions. 

 

Connection: ETHS-S6C2-03 

+ 

« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 

Students need to understand that numerical solution methods (data in a table used to 
approximate an algebraic function) and graphical solution methods may produce 
approximate solutions, and algebraic solution methods produce precise solutions that 
can be represented graphically or numerically. Students may use graphing 
calculators or programs to generate tables of values, graph, or solve a variety of 
functions. 

 

Example:  

• Given the following equations determine the x value that results in an equal 
output for both functions. 

 

1)3()(

23)(
2 −+=

−=

xxg

xxf
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Algebra: Reasoning with Equations and Inequalities (A-REI) 
Solve systems of equations 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.A-REI.12. Graph the 
solutions to a linear inequality 
in two variables as a half-
plane (excluding the 
boundary in the case of a 
strict inequality), and graph 
the solution set to a system of 
linear inequalities in two 
variables as the intersection 
of the corresponding half-
planes. 

9-10 

 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
 

Students may use graphing calculators, programs, or applets to model and find 
solutions for inequalities or systems of inequalities. 

Examples: 

• Graph the solution:  y < 2x + 3.  

• A publishing company publishes a total of no more than 100 magazines 
every year. At least 30 of these are women’s magazines, but the company 
always publishes at least as many women’s magazines as men’s 
magazines. Find a system of inequalities that describes the possible 
number of men’s and women’s magazines that the company can produce 
each year consistent with these policies. Graph the solution set. 

• Graph the system of linear inequalities below and determine if (3, 2) is a 
solution to the system. 









−>+
≤+

>−

33
2
03

yx
yx
yx

 

Solution:  

 

 

(3, 2) is not an element of the solution set (graphically or by substitution). 
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High School - Functions Overview 

 
 

Interpreting Functions (F-IF) 

• Understand the concept of a function and use function notation 

• Interpret functions that arise in applications in terms of the 
context 

• Analyze functions using different representations 

Building Functions (F-BF) 

• Build a function that models a relationship between two quantities 

• Build new functions from existing functions 

Linear, Quadratic, and Exponential Models (F-LE) 

• Construct and compare linear, quadratic, and exponential models 
and solve problems 

• Interpret expressions for functions in terms of the situation they 
model 

Trigonometric Functions (F-TF) 

• Extend the domain of trigonometric functions using the unit circle 

• Model periodic phenomena with trigonometric functions 

• Prove and apply trigonometric identities 

Mathematical Practices (MP) 

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

2. Reason abstractly and quantitatively. 

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

4. Model with mathematics. 

5. Use appropriate tools strategically. 

6. Attend to precision. 

7. Look for and make use of structure. 

8. Look for and express regularity in repeated reasoning. 
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High School - Functions 
 
Functions describe situations where one quantity determines another. For example, the return on $10,000 invested at an annualized percentage 
rate of 4.25% is a function of the length of time the money is invested. Because we continually make theories about dependencies between 
quantities in nature and society, functions are important tools in the construction of mathematical models. 
 
In school mathematics, functions usually have numerical inputs and outputs and are often defined by an algebraic expression. For example, the 
time in hours it takes for a car to drive 100 miles is a function of the car’s speed in miles per hour, v; the rule T(v) = 100/v expresses this relationship 
algebraically and defines a function whose name is T. 
 
The set of inputs to a function is called its domain. We often infer the domain to be all inputs for which the expression defining a function has a 
value, or for which the function makes sense in a given context. 
 
A function can be described in various ways, such as by a graph (e.g., the trace of a seismograph); by a verbal rule, as in, “I’ll give you a state, you 
give me the capital city;” by an algebraic expression like f(x) = a + bx; or by a recursive rule. The graph of a function is often a useful way of 
visualizing the relationship of the function models, and manipulating a mathematical expression for a function can throw light on the function’s 
properties. 
 
Functions presented as expressions can model many important phenomena. Two important families of functions characterized by laws of growth 
are linear functions, which grow at a constant rate, and exponential functions, which grow at a constant percent rate. Linear functions with a 
constant term of zero describe proportional relationships. 
 
A graphing utility or a computer algebra system can be used to experiment with properties of these functions and their graphs and to build 
computational models of functions, including recursively defined functions. 

 

Connections to Expressions, Equations, Modeling, and Coordinates. 
 
Determining an output value for a particular input involves evaluating an expression; finding inputs that yield a given output involves solving an 
equation. Questions about when two functions have the same value for the same input lead to equations, whose solutions can be visualized from 
the intersection of their graphs. Because functions describe relationships between quantities, they are frequently used in modeling. Sometimes 
functions are defined by a recursive process, which can be displayed effectively using a spreadsheet or other technology. 
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Functions: Interpreting Functions (F-IF) 
Understand the concept of a function and use function notation 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-IF.1. Understand that a 
function from one set (called 
the domain) to another set 
(called the range) assigns to 
each element of the domain 
exactly one element of the 
range. If f is a function and x 
is an element of its domain, 
then f(x) denotes the output 
of f corresponding to the input 
x. The graph of f is the graph 
of the equation y = f(x). 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
 

The domain of a function given by an algebraic expression, unless otherwise 
specified, is the largest possible domain.  

 

HS.F-IF.2. Use function 
notation, evaluate functions 
for inputs in their domains, 
and interpret statements that 
use function notation in terms 
of a context. 

 

Connection: 9-10.RST.4 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
 

The domain of a function given by an algebraic expression, unless otherwise 
specified, is the largest possible domain. 

 

Examples: 

• If 124)( 2 −+= xxxf , find ).2(f  

• Let 2)3(2)( += xxf .  Find )3(f , )
2
1(−f , )(af , and )( haf −  

• If P(t) is the population of Tucson t years after 2000, interpret the statements 
P(0) = 487,000 and P(10)-P(9) = 5,900. 
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Functions: Interpreting Functions (F-IF) 
Understand the concept of a function and use function notation 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-IF.3. Recognize that 
sequences are functions, 
sometimes defined 
recursively, whose domain is 
a subset of the integers. For 
example, the Fibonacci 
sequence is defined 
recursively by f(0) = f(1) = 1, 
f(n+1) = f(n) + f(n-1) for n ≥ 1. 

9-10 

 

HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 
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Functions: Interpreting Functions (F-IF) 
Understand the concept of a function and use function notation 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-IF.4. For a function that 
models a relationship 
between two quantities, 
interpret key features of 
graphs and tables in terms of 
the quantities, and sketch 
graphs showing key features 
given a verbal description of 
the relationship. Key features 
include: intercepts; intervals 
where the function is 
increasing, decreasing, 
positive, or negative; relative 
maximums and minimums; 
symmetries; end behavior; 
and periodicity. 

 

Connections:  
ETHS-S6C2.03; 

9-10.RST.7; 11-12.RST.7 

v 
« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 

Students may be given graphs to interpret or produce graphs given an expression or 
table for the function, by hand or using technology.  

Examples:  

• A rocket is launched from 180 feet above the ground at time t = 0. The 
function that models this situation is given by h = – 16t2 + 96t + 180, where t 
is measured in seconds and h is height above the ground measured in feet. 

o What is a reasonable domain restriction for t in this context? 

o Determine the height of the rocket two seconds after it was 
launched. 

o Determine the maximum height obtained by the rocket. 

o Determine the time when the rocket is 100 feet above the ground. 

o Determine the time at which the rocket hits the ground. 

o How would you refine your answer to the first question based on 
your response to the second and fifth questions? 

• Compare the graphs of y = 3x2 and y = 3x3. 

• Let 
2( )

2
R x

x
=

−
. Find the domain of R(x). Also find the range, zeros, and 

asymptotes of R(x). 

• Let 155)( 23 +−−= xxxxf . Graph the function and identify end behavior and 
any intervals of constancy, increase, and decrease. 

• It started raining lightly at 5am, then the rainfall became heavier at 7am. By 
10am the storm was over, with a total rainfall of 3 inches. It didn’t rain for the 
rest of the day. Sketch a possible graph for the number of inches of rain as a 
function of time, from midnight to midday. 
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Functions: Interpreting Functions (F-IF) 
Understand the concept of a function and use function notation 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-IF.5. Relate the domain 
of a function to its graph and, 
where applicable, to the 
quantitative relationship it 
describes. For example, if the 
function h(n) gives the 
number of person-hours it 
takes to assemble n engines 
in a factory, then the positive 
integers would be an 
appropriate domain for the 
function. 

 

Connection: 9-10.WHST.2f 

9-10 

« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.6. Attend to precision. 

Students may explain orally, or in written format, the existing relationships. 
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Functions: Interpreting Functions (F-IF) 
Understand the concept of a function and use function notation 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-IF.6. Calculate and 
interpret the average rate of 
change of a function 
(presented symbolically or as 
a table) over a specified 
interval. Estimate the rate of 
change from a graph. 

 

Connections: 

ETHS-S1C2-01;  

9-10.RST.3 

9-10 

« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 

The average rate of change of a function y = f(x) over an interval [a,b] is 
. In addition to finding average rates of change from 

functions given symbolically, graphically, or in a table, Students may collect data from 
experiments or simulations (ex. falling ball, velocity of a car, etc.) and find average rates of 
change for the function modeling the situation.  Examples: 
• Use the following table to find the average rate of change of g over the intervals 

[-2, -1] and [0,2]: 

x g(x) 

-2 2 

-1 -1 

0 -4 

2 -10 

• The table below shows the elapsed time when two different cars pass a 10, 20, 30, 40 
and 50 meter mark on a test track.  
o For car 1, what is the average velocity (change in distance divided by change in 

time) between the 0 and 10 meter mark? Between the 0 and 50 meter mark? 
Between the 20 and 30 meter mark? Analyze the data to describe the 
motion of car 1. 

o How does the velocity of car 1 compare to that of car 2? 

 Car 1 Car 2 

d t t 

10 4.472 1.742 

20 6.325 2.899 

30 7.746 3.831 

40 8.944 4.633 

50 10 5.348 
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Functions: Interpreting Functions (F-IF) 
Analyze functions using different representations 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-IF.7. Graph functions 
expressed symbolically and 
show key features of the 
graph, by hand in simple 
cases and using technology 
for more complicated cases. 

v 
+ 

« 

HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 

Key characteristics include but are not limited to maxima, minima, intercepts, 
symmetry, end behavior, and asymptotes. Students may use graphing calculators or 
programs, spreadsheets, or computer algebra systems to graph functions. 

 

Examples: 

• Describe key characteristics of the graph of            
f(x) = │x – 3│ + 5. 

 

• Sketch the graph and identify the key characteristics of the function described 
below. 

2

2for 0
( )

for 1
x x

F x
x x
+ ≥

= 
− < −

 

 

 

 

 

 

 

 

a. Graph linear and 
quadratic functions and 
show intercepts, maxima, 
and minima. 

 

Connections:  
ETHS-S6C1-03; 

ETHS-S6C2-03 

v 
« 

b. Graph square root, cube 
root, and piecewise-
defined functions, 
including step functions 
and absolute value 
functions. 

 

Connections: 

ETHS-S6C1-03; 

ETHS-S6C2-03 

v 
+ 

« 
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Functions: Interpreting Functions (F-IF) 
Understand the concept of a function and use function notation 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
c. Graph polynomial 

functions, identifying 
zeros when suitable 
factorizations are 
available, and showing 
end behavior. 

 

Connections: 

ETHS-S6C1-03; 

ETHS-S6C2-03 

v 
« 

 

 

 

 

• Graph the function f(x) = 2x by creating a table of values. Identify the key 
characteristics of the graph.            

• Graph f(x) = 2 tan x – 1. Describe its domain, range, intercepts, and 
asymptotes. 

• Draw the graph of f(x) = sin x and f(x) = cos x. What are the similarities and 
differences between the two graphs? d. Graph rational functions, 

identifying zeros and 
asymptotes when 
suitable factorizations are 
available, and showing 
end behavior. 

 

Connections: 

ETHS-S6C1-03; 

ETHS-S6C2-03 

v 
« 
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Functions: Interpreting Functions (F-IF) 
Understand the concept of a function and use function notation 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
e. Graph exponential and 

logarithmic functions, 
showing intercepts and 
end behavior, and 
trigonometric functions, 
showing period, midline, 
and amplitude. 

 

Connections: 

ETHS-S6C1-03; 

ETHS-S6C2-03 

v 
« 

HS.F-IF.8. Write a function 
defined by an expression in 
different but equivalent forms 
to reveal and explain different 
properties of the function. 

 

Connection: 11-12.RST.7 

v HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.7. Look for and make 
use of structure. 
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Functions: Interpreting Functions (F-IF) 
Understand the concept of a function and use function notation 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
a. Use the process of 

factoring and completing 
the square in a quadratic 
function to show zeros, 
extreme values, and 
symmetry of the graph, 
and interpret these in 
terms of a context. 

 

Connection: 11-12.RST.7 

v 

b. Use the properties of 
exponents to interpret 
expressions for 
exponential functions. 
For example, identify 
percent rate of change in 
functions such as y = 
(1.02)t, y = (0.97)t, y = 
(1.01)12t, y = (1.2)t/10, and 
classify them as 
representing exponential 
growth or decay. 

 

Connection: 11-12.RST.7 

v 
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Functions: Interpreting Functions (F-IF) 
Understand the concept of a function and use function notation 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-IF.9. Compare 
properties of two functions 
each represented in a 
different way (algebraically, 
graphically, numerically in 
tables, or by verbal 
descriptions). For example, 
given a graph of one 
quadratic function and an 
algebraic expression for 
another, say which has the 
larger maximum. 

 

Connections: 

ETHS-S6C1-03; 

ETHS-S6C2-03; 

9-10.RST.7 

9-10 

 

HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 

Example: 

• Examine the functions below. Which function has the larger maximum? How 
do you know? 

 

                                                                        

 

 

2082)( 2 +−−= xxxf  



 

Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 
 56 

 

Functions: Building Functions (F-BF) 
Build a function that models a relationship between two quantities 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-BF.1. Write a function 
that describes a relationship 
between two quantities. 

 

Connections: 

ETHS-S6C1-03; 

ETHS-S6C2-03 

9-10 

v 
+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students will analyze a given problem to determine the function expressed by 
identifying patterns in the function’s rate of change. They will specify intervals of 
increase, decrease, constancy, and, if possible, relate them to the function’s 
description in words or graphically. Students may use graphing calculators or 
programs, spreadsheets, or computer algebra systems to model functions. 

 

Examples: 

• You buy a $10,000 car with an annual interest rate of 6 percent compounded 
annually and make monthly payments of $250. Express the amount 
remaining to be paid off as a function of the number of months, using a 
recursion equation.  

• A cup of coffee is initially at a temperature of 93º F. The difference between its 
temperature and the room temperature of 68º F decreases by 9% each 
minute. Write a function describing the temperature of the coffee as a 
function of time. 

• The radius of a circular oil slick after t hours is given in feet by , 
for 0 ≤ t ≤ 10. Find the area of the oil slick as a function of time. 

 

a. Determine an explicit 
expression, a recursive 
process, or steps for 
calculation from a 
context. 

 

Connections: 

ETHS-S6C1-03; 

ETHS-S6C2-03; 

9-10.RST.7; 11-12.RST.7 

9-10 

v 
« 
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Functions: Building Functions (F-BF) 
Build a function that models a relationship between two quantities 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
b. Combine standard 

function types using 
arithmetic operations. For 
example, build a function 
that models the 
temperature of a cooling 
body by adding a 
constant function to a 
decaying exponential, 
and relate these 
functions to the model. 

 

Connections: 

ETHS-S6C1-03; 

ETHS-S6C2-03 

+ 

« 
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Functions: Building Functions (F-BF) 
Build a function that models a relationship between two quantities 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
c. Compose functions. For 

example, if T(y) is the 
temperature in the 
atmosphere as a function 
of height, and h(t) is the 
height of a weather 
balloon as a function of 
time, then T(h(t)) is the 
temperature at the 
location of the weather 
balloon as a function of 
time. 

 

Connections: 

ETHS-S6C1-03; 

ETHS-S6C2-03 

v 
+ 

« 
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Functions: Building Functions (F-BF) 
Build a function that models a relationship between two quantities 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-BF.2. Write arithmetic 
and geometric sequences 
both recursively and with an 
explicit formula, use them to 
model situations, and 
translate between the two 
forms. 

9-10 

« 

 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

An explicit rule for the nth term of a sequence gives an as an expression in the term’s 
position n; a recursive rule gives the first term of a sequence, and a recursive 
equation relates an to the preceding term(s). Both methods of presenting a sequence 
describe an as a function of n. 

 

Examples: 

• Generate the 5th-11th terms of a sequence if A1= 2 and 1)( 2
)1( −=+ nn AA  

• Use the formula: An= A1 + d(n - 1) where d is the common difference to 
generate a sequence whose first three terms are: -7, -4, and -1. 

• There are 2,500 fish in a pond. Each year the population decreases by 25 
percent, but 1,000 fish are added to the pond at the end of the year. Find 
the population in five years. Also, find the long-term population. 

• Given the formula An= 2n - 1, find the 17th term of the sequence. What is 
the 9th term in the sequence 3, 5, 7, 9, …? 

• Given a1 = 4 and an = an-1 + 3, write the explicit formula. 
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Functions: Building Functions (F-BF) 
Build new functions from existing functions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-BF.3. Identify the effect 
on the graph of replacing f(x) 
by f(x) + k, k f(x), f(kx), and 
f(x + k) for specific values of k 
(both positive and negative); 
find the value of k given the 
graphs. Experiment with 
cases and illustrate an 
explanation of the effects on 
the graph using technology. 
Include recognizing even and 
odd functions from their 
graphs and algebraic 
expressions for them. 

 

Connections:  

ETHS-S6C2-03; 

11-12.WHST.2e 

+ 

 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 
 

Students will apply transformations to functions and recognize functions as even and 
odd. Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to graph functions. 

Examples: 

• Is f(x) = x3 - 3x2 + 2x + 1 even, odd, or neither? Explain your answer orally or 
in written format.. 

• Compare the shape and position of the graphs of f (x) = x2and 

g(x) = 2x2 , and explain the differences in terms of the algebraic 
expressions for the functions 

 

 

• Describe effect of varying the parameters a, h, and k have on the shape and 
position of the graph of f(x) = a(x-h)2 + k. 
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Functions: Building Functions (F-BF) 
Build new functions from existing functions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    

• Compare the shape and position of the graphs of xexf =)(  to g(x) = ex−6 + 5 , and 
explain the differences, orally or in written format, in terms of the algebraic 
expressions for the functions 

 

 

• Describe the effect of varying the parameters a, h, and k on the shape and position 
of the graph f(x) = ab(x + h) + k., orally or in written format. What effect do values 
between 0 and 1 have? What effect do negative values have? 

 

• Compare the shape and position of the graphs of y = sin x to y = 2 sin x. 
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Functions: Building Functions (F-BF) 
Build new functions from existing functions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    

 
HS.F-BF.4. Find inverse 
functions. 

 

Connection: ETHS-S6C2-03 

+ HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to model functions. 

 

Examples: 

• For the function h(x) = (x – 2)3, defined on the domain of all real numbers, find 
the inverse function if it exists or explain why it doesn’t exist. 

• Graph h(x) and h-1(x) and explain how they relate to each other graphically. 

• Find a domain for f(x) = 3x2 + 12x - 8 on which it has an inverse. Explain why it 
is necessary to restrict the domain of the function. 

 

a. Solve an equation of the 
form f(x) = c for a simple 
function f that has an 
inverse and write an 
expression for the 
inverse. For example, f(x) 
=2 x3 or f(x) = (x+1)/(x-1) 
for x ≠ 1. 

+ 

 

b. Verify by composition that 
one function is the 
inverse of another. 

+ 

 

c. Read values of an inverse 
function from a graph or 
a table, given that the 
function has an inverse. 

+ 

 

d. Produce an invertible 
function from a non-
invertible function by 
restricting the domain. 

+ 
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Functions: Building Functions (F-BF) 
Build new functions from existing functions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-BF.5. Understand the 
inverse relationship between 
exponents and logarithms 
and use this relationship to 
solve problems involving 
logarithms and exponents. 

 

Connection: ETHS-S6C2-03 

+ 

 

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

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to solve problems involving logarithms and exponents. 

Example: 

• Find the inverse of f(x) = 3(10)2x. 

 

 

Functions: Linear, Quadratic, and Exponential Models« (F-LE) 
Construct and compare linear, quadratic, and exponential models and solve problems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-LE.1. Distinguish 
between situations that can 
be modeled with linear 
functions and with 
exponential functions. 

 

Connections:  

ETHS-S6C2-03; 

SSHS-S5C5-03 

 

v 
+ 

« 

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

HS.MP.4. Model with 
mathematics. 
 

HS.MP.5. Use appropriate 
tools strategically. 
 
 

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

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

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to model and compare linear and exponential functions. 
Examples: 

• A cell phone company has three plans. Graph the equation for each plan, and 
analyze the change as the number of minutes used increases. When is it 
beneficial to enroll in Plan 1? Plan 2? Plan 3?  

1. $59.95/month for 700 minutes and $0.25 for each additional minute, 

2. $39.95/month for 400 minutes and $0.15 for each additional minute, 
and 

3. $89.95/month for 1,400 minutes and $0.05 for each additional 
minute. 
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Functions: Linear, Quadratic, and Exponential Models« (F-LE) 
Construct and compare linear, quadratic, and exponential models and solve problems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
a. Prove that linear functions 

grow by equal differences 
over equal intervals, and 
that exponential functions 
grow by equal factors 
over equal intervals. 

 

Connection:  
11-12.WHST.1a-1e 

v 
+ 

« 

• A computer store sells about 200 computers at the price of $1,000 per 
computer. For each $50 increase in price, about ten fewer computers are 
sold. How much should the computer store charge per computer in order to 
maximize their profit? 

Students can investigate functions and graphs modeling different situations involving 
simple and compound interest. Students can compare interest rates with different 
periods of compounding (monthly, daily) and compare them with the corresponding 
annual percentage rate. Spreadsheets and applets can be used to explore and 
model different interest rates and loan terms. 

Students can use graphing calculators or programs, spreadsheets, or computer 
algebra systems to construct linear and exponential functions. 

• A couple wants to buy a house in five years. They need to save a down 
payment of $8,000. They deposit $1,000 in a bank account earning 3.25% 
interest, compounded quarterly. How much will they need to save each 
month in order to meet their goal? 

• Sketch and analyze the graphs of the following two situations. What 
information can you conclude about the types of growth each type of 
interest has? 

b. Recognize situations in 
which one quantity 
changes at a constant 
rate per unit interval 
relative to another. 

 

Connection: 11-12.RST.4 

 

v 
+ 

« 
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Functions: Linear, Quadratic, and Exponential Models« (F-LE) 
Construct and compare linear, quadratic, and exponential models and solve problems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
c. Recognize situations in 

which a quantity grows or 
decays by a constant 
percent rate per unit 
interval relative to 
another. 

 

Connections: 

ETHS-S6C1-03;  
ETHS-S6C2-03; 11-12.RST.4 

v 
+ 

« 

o Lee borrows $9,000 from his mother to buy a car. His mom charges him 
5% interest a year, but she does not compound the interest. 

o Lee borrows $9,000 from a bank to buy a car. The bank charges 5% 
interest compounded annually.   

• Calculate the future value of a given amount of money, with and without 
technology. 

• Calculate the present value of a certain amount of money for a given length 
of time in the future, with and without technology. 
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Functions: Linear, Quadratic, and Exponential Models« (F-LE) 
Construct and compare linear, quadratic, and exponential models and solve problems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-LE.2. Construct linear 
and exponential functions, 
including arithmetic and 
geometric sequences, given 
a graph, a description of a 
relationship, or two input-
output pairs (include reading 
these from a table). 

 

Connections:  

ETHS-S6C1-03; 

ETHS-S6C2-03; 

11-12.RST.4; SSHS-S5C5-03 

 

v 
+ 

« 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to construct linear and exponential functions. 

Examples: 

• Determine an exponential function of the form f(x) = abx using data points 
from the table. Graph the function and identify the key characteristics of the 
graph. 

x f(x) 

0 1 

1 3 

3 27 

• Sara’s starting salary is $32,500. Each year she receives a $700 raise. Write 
a sequence in explicit form to describe the situation. 

 

HS.F-LE.3. Observe using 
graphs and tables that a 
quantity increasing 
exponentially eventually 
exceeds a quantity increasing 
linearly, quadratically, or 
(more generally) as a 
polynomial function. 

v 
« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
 

Example: 

Contrast the growth of the f(x)=x3 and f(x)=3x. 
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Functions: Linear, Quadratic, and Exponential Models« (F-LE) 
Construct and compare linear, quadratic, and exponential models and solve problems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-LE.4. For exponential 
models, express as a 
logarithm the solution to abct 
= d where a, c, and d are 
numbers and the base b is 2, 
10, or e; evaluate the 
logarithm using technology. 

 

Connections: 

ETHS-S6C1-03;  

ETHS-S6C2-03; 11-12.RST.3 

+ 

« 

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

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to analyze exponential models and evaluate logarithms. 

Example: 

• Solve 200 e0.04t = 450 for t. 

Solution: 

We first isolate the exponential part by dividing both sides of the equation by 200. 

e0.04t = 2.25 

Now we take the natural logarithm of both sides. 

ln e0.04t = ln 2.25 

The left hand side simplifies to 0.04t, by logarithmic identity 1. 

0.04t = ln 2.25 

Lastly, divide both sides by 0.04 

t = ln (2.25) / 0.04 

t ≈  20.3 
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Functions: Linear, Quadratic, and Exponential Models« (F-LE) 
Interpret expressions for functions in terms of the situation they model 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-LE.5. Interpret the 
parameters in a linear or 
exponential function in terms 
of a context. 

 

 

Connections:  

ETHS-S6C1-03; 

ETHS-S6C2-03; 

SSHS-S5C5-03;  
11-12.WHST.2e 

v 
+ 

« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to model and interpret parameters in linear, quadratic or exponential 
functions. 

 

Example: 

• A function of the form f(n) = P(1 + r)n is used to model the amount of 
money in a savings account that earns 5% interest, compounded 
annually, where n is the number of years since the initial deposit. What is 
the value of r? What is the meaning of the constant P in terms of the 
savings account? Explain either orally or in written format. 
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Functions: Trigonometric Functions (F-TF) 
Extend the domain of trigonometric functions using the unit circle 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-TF.1. Understand 
radian measure of an angle 
as the length of the arc on the 
unit circle subtended by the 
angle. 

+ 

 

  

HS.F-TF.2. Explain how the 
unit circle in the coordinate 
plane enables the extension 
of trigonometric functions to 
all real numbers, interpreted 
as radian measures of angles 
traversed counterclockwise 
around the unit circle. 

 

 

Connections:  

ETHS-S1C2-01; 

11-12.WHST.2b; 

11-12.WHST.2e 

+ 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 

Students may use applets and animations to explore the unit circle and trigonometric 
functions. Students may explain (orally or in written format) their understanding. 
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Functions: Trigonometric Functions (F-TF) 
Extend the domain of trigonometric functions using the unit circle 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-TF.3. Use special 
triangles to determine 
geometrically the values of 
sine, cosine, tangent for π /3, 
π/4 and π/6, and use the unit 
circle to express the values of 
sine, cosine, and tangent for 
π-x, π+x, and 2π-x in terms 
of their values for x, where x 
is any real number. 

 

Connection: 11-12.WHST.2b 

+ 

 

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

Examples: 

• Evaluate all six trigonometric functions of θ = 
3
π . 

• Evaluate all six trigonometric functions of  θ = 225o. 

 

• Find the value of x in the given triangle where DCAD ⊥ and DBAC ⊥  

       °=∠°=∠ 30,60 CmAm . Explain your process for solving the problem 
including the use of trigonometric ratios as appropriate. 

 

 

• Find the measure of the missing segment in the given triangle where 

DCAD ⊥ , DBAC ⊥ , 3,12,30,60 ==°=∠°=∠ ABACCmAm . 
Explain (orally or in written format) your process for solving the problem 
including use of trigonometric ratios as appropriate. 
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Functions: Trigonometric Functions (F-TF) 
Extend the domain of trigonometric functions using the unit circle 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-TF.4. Use the unit circle 
to explain symmetry (odd and 
even) and periodicity of 
trigonometric functions. 

 

 

Connections:  

ETHS-S1C2-01; 

11-12.WHST.2c 

+ 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
 

Students may use applets and animations to explore the unit circle and trigonometric 
functions. Students may explain (orally or written format) their understanding of 
symmetry and periodicity of trigonometric functions. 
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Functions: Trigonometric Functions (F-TF) 
Model periodic phenomena with trigonometric functions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-TF.5. Choose 
trigonometric functions to 
model periodic phenomena 
with specified amplitude, 
frequency, and midline. 

 

Connection: ETHS-S1C2-01 

+ 

« 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to model trigonometric functions and periodic phenomena. 

 

Example: 

• The temperature of a chemical reaction oscillates between a low of 
o20 C and a high of o120 C.  The temperature is at its lowest point when 

t = 0 and completes one cycle over a six hour period. 

a) Sketch the temperature, T, against the elapsed time, t, over a 12 
hour period. 

b) Find the period, amplitude, and the midline of the graph you drew in 
part a). 

c) Write a function to represent the relationship between time and 
temperature. 

d) What will the temperature of the reaction be 14 hours after it began? 

e) At what point during a 24 hour day will the reaction have a 
temperature of o60 C? 
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Functions: Trigonometric Functions (F-TF) 
Model periodic phenomena with trigonometric functions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-TF.6. Understand that 
restricting a trigonometric 
function to a domain on which 
it is always increasing or 
always decreasing allows its 
inverse to be constructed. 

 

Connections:  

ETHS-S1C2-01; 

11-12.WHST.2e 

+ 

 

 Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to model trigonometric functions. 

 

Examples: 

• Identify a domain for the sine function that would permit an inverse 
function to be constructed. 

• Describe the behavior of the graph of the sine function over this interval. 

• Explain (orally or in written format) why the domain cannot be expanded any 
further. 



 

Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 
 74 

Functions: Trigonometric Functions (F-TF) 
Model periodic phenomena with trigonometric functions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-TF.7. Use inverse 
functions to solve 
trigonometric equations that 
arise in modeling contexts; 
evaluate the solutions using 
technology, and interpret 
them in terms of the context. 

 

 

Connections:  

ETHS-S1C2-01; 

11-12.WHST.1a 

+ 

« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
 

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to model trigonometric functions and solve trigonometric equations. 

 

Example: 

• Two physics students set up an experiment with a spring.  In their 
experiment, a weighted ball attached to the bottom of the spring was pulled 
downward 6 inches from the rest position.  It rose to 6 inches above the rest 
position and returned to 6 inches below the rest position once every 6 

seconds.  The equation 







−= th

2
cos6 π  accurately models the height above 

and below the rest position every 6 seconds. Students may explain, orally or 
in written format, when the weighted ball first will be at a height of 3 inches, 4 
inches, and 5 inches above rest position. 
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Functions: Trigonometric Functions (F-TF) 
Prove and apply trigonometric identities 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.F-TF.8. Prove the 
Pythagorean identity sin2(θ) + 
cos2(θ) = 1 and use it find 
sin(θ), cos(θ), or tan(θ) given 
sin(θ), cos(θ), or tan(θ) and 
the quadrant of the angle. 
 
Connection: 
11-12.WHST.1a-1e  

+ 

 

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

 

HS.F-TF.9. Prove the 
addition and subtraction 
formulas for sine, cosine, and 
tangent and use them to 
solve problems. 

 

Connection: 
11-12.WHST.1a-1e 

+ 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
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High School - Modeling 
Modeling links classroom mathematics and statistics to everyday life, work, and decision-making. Modeling is the process of choosing and using 
appropriate mathematics and statistics to analyze empirical situations, to understand them better, and to improve decisions. Quantities and their 
relationships in physical, economic, public policy, social, and everyday situations can be modeled using mathematical and statistical methods. 
When making mathematical models, technology is valuable for varying assumptions, exploring consequences, and comparing predictions with data. 
 
A model can be very simple, such as writing total cost as a product of unit price and number bought, or using a geometric shape to describe a 
physical object like a coin. Even such simple models involve making choices. It is up to us whether to model a coin as a three-dimensional cylinder, 
or whether a two-dimensional disk works well enough for our purposes. Other situations—modeling a delivery route, a production schedule, or a 
comparison of loan amortizations—need more elaborate models that use other tools from the mathematical sciences. Real-world situations are not 
organized and labeled for analysis; formulating tractable models, representing such models, and analyzing them is appropriately a creative process. 
Like every such process, this depends on acquired expertise as well as creativity. 
 
Some examples of such situations might include: 
 
• Estimating how much water and food is needed for emergency relief in a devastated city of 3 million people, and how it might be distributed. 

• Planning a table tennis tournament for 7 players at a club with 4 tables, where each player plays against each other player. 

• Designing the layout of the stalls in a school fair so as to raise as much money as possible. 

• Analyzing stopping distance for a car. 

• Modeling savings account balance, bacterial colony growth, or investment growth. 

• Engaging in critical path analysis, e.g., applied to turnaround of an aircraft at an airport. 

• Analyzing risk in situations such as extreme sports, pandemics, and terrorism. 

• Relating population statistics to individual predictions. 

 
In situations like these, the models devised depend on a number of factors: How precise an answer do we want or need? What aspects of the 
situation do we most need to understand, control, or optimize? What resources of time and tools do we have? The range of models that we can 
create and analyze is also constrained by the limitations of our mathematical, statistical, and technical skills, and our ability to recognize significant 
variables and relationships among them. Diagrams of various kinds, spreadsheets and other technology, and algebra are powerful tools for 
understanding and solving problems drawn from different types of real-world situations. 
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One of the insights provided by mathematical modeling is that essentially the same mathematical or statistical structure can sometimes model 
seemingly different situations. Models can also shed light on the mathematical structures themselves, for example, as when a model of bacterial 
growth makes more vivid the explosive growth of the exponential function. 
 
The basic modeling cycle is summarized in the diagram. It involves (1) identifying variables in the situation and selecting those that represent 
essential features, (2) formulating a model by creating and selecting geometric, graphical, tabular, algebraic, or statistical representations that 
describe relationships between the variables, (3) analyzing and performing operations on these relationships to draw conclusions, (4) interpreting 
the results of the mathematics in terms of the original situation, (5) validating the conclusions by comparing them with the situation, and then either 
improving the model or, if it is acceptable, (6) reporting on the conclusions and the reasoning behind them. Choices, assumptions, and 
approximations are present throughout this cycle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
In descriptive modeling, a model simply describes the phenomena or summarizes them in a compact form. Graphs of observations are a familiar 
descriptive model—for example, graphs of global temperature and atmospheric CO2 over time. 
 
Analytic modeling seeks to explain data on the basis of deeper theoretical ideas, albeit with parameters that are empirically based; for example, 
exponential growth of bacterial colonies (until cut-off mechanisms such as pollution or starvation intervene) follows from a constant reproduction 
rate. Functions are an important tool for analyzing such problems. 
 
Graphing utilities, spreadsheets, computer algebra systems, and dynamic geometry software are powerful tools that can be used to model purely 
mathematical phenomena (e.g., the behavior of polynomials) as well as physical phenomena. 

Modeling Standards Modeling is best interpreted not as a collection of isolated topics but rather in relation to other standards. Making 
mathematical models is a Standard for Mathematical Practice, and specific modeling standards appear throughout the high school standards 
indicated by a star symbol (★). 
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High School – Geometry Overview 
 

Congruence (G-CO) 

• Experiment with transformations in the plane 

• Understand congruence in terms of rigid motions 

• Prove geometric theorems 

• Make geometric constructions 

 

Similarity, Right Triangles, and Trigonometry (G-SRT) 

• Understand similarity in terms of similarity transformations 

• Prove theorems involving similarity 

• Define trigonometric ratios and solve problems involving right 
triangles 

• Apply trigonometry to general triangles 

 

Circles (G-C) 

• Understand and apply theorems about circles 

• Find arc lengths and areas of sectors of circles 

 

Expressing Geometric Properties with Equations (G-GPE) 

Mathematical Practices (MP) 

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

2. Reason abstractly and quantitatively. 

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

4. Model with mathematics. 

5. Use appropriate tools strategically. 

6. Attend to precision. 

7. Look for and make use of structure. 

8. Look for and express regularity in repeated reasoning. 
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• Translate between the geometric description and the equation for 
a conic section 

• Use coordinates to prove simple geometric theorems algebraically 

 

Geometric Measurement and Dimension (G-GMD) 

• Explain volume formulas and use them to solve problems 

• Visualize relationships between two-dimensional and three-
dimensional objects 

 

Modeling with Geometry (G-MG) 

• Apply geometric concepts in modeling situations 

 
High School - Geometry 
 
An understanding of the attributes and relationships of geometric objects can be applied in diverse contexts—interpreting a schematic drawing, 
estimating the amount of wood needed to frame a sloping roof, rendering computer graphics, or designing a sewing pattern for the most efficient 
use of material. 
 
Although there are many types of geometry, school mathematics is devoted primarily to plane Euclidean geometry, studied both synthetically 
(without coordinates) and analytically (with coordinates). Euclidean geometry is characterized most importantly by the Parallel Postulate, that 
through a point not on a given line there is exactly one parallel line. (Spherical geometry, in contrast, has no parallel lines.) 
 
During high school, students begin to formalize their geometry experiences from elementary and middle school, using more precise definitions and 
developing careful proofs. Later in college some students develop Euclidean and other geometries carefully from a small set of axioms. 
 
The concepts of congruence, similarity, and symmetry can be understood from the perspective of geometric transformation. Fundamental are the 
rigid motions: translations, rotations, reflections, and combinations of these, all of which are here assumed to preserve distance and angles (and 
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therefore shapes generally). Reflections and rotations each explain a particular type of symmetry, and the symmetries of an object offer insight into 
its attributes—as when the reflective symmetry of an isosceles triangle assures that its base angles are congruent. 
 
In the approach taken here, two geometric figures are defined to be congruent if there is a sequence of rigid motions that carries one onto the other. 
This is the principle of superposition. For triangles, congruence means the equality of all corresponding pairs of sides and all corresponding pairs of 
angles. During the middle grades, through experiences drawing triangles from given conditions, students notice ways to specify enough measures 
in a triangle to ensure that all triangles drawn with those measures are congruent. Once these triangle congruence criteria (ASA, SAS, and SSS) 
are established using rigid motions, they can be used to prove theorems about triangles, quadrilaterals, and other geometric figures. 
 
Similarity transformations (rigid motions followed by dilations) define similarity in the same way that rigid motions define congruence, thereby 
formalizing the similarity ideas of “same shape” and “scale factor” developed in the middle grades.  These transformations lead to the criterion for 
triangle similarity that two pairs of corresponding angles are congruent. 
 
The definitions of sine, cosine, and tangent for acute angles are founded on right triangles and similarity, and, with the Pythagorean Theorem, are 
fundamental in many real-world and theoretical situations. The Pythagorean Theorem is generalized to non-right triangles by the Law of Cosines. 
Together, the Laws of Sines and Cosines embody the triangle congruence criteria for the cases where three pieces of information suffice to 
completely solve a triangle. Furthermore, these laws yield two possible solutions in the ambiguous case, illustrating that Side-Side-Angle is not a 
congruence criterion. 
 
Analytic geometry connects algebra and geometry, resulting in powerful methods of analysis and problem solving. Just as the number line 
associates numbers with locations in one dimension, a pair of perpendicular axes associates pairs of numbers with locations in two dimensions. 
This correspondence between numerical coordinates and geometric points allows methods from algebra to be applied to geometry and vice versa. 
The solution set of an equation becomes a geometric curve, making visualization a tool for doing and understanding algebra. Geometric shapes can 
be described by equations, making algebraic manipulation into a tool for geometric understanding, modeling, and proof. Geometric transformations 
of the graphs of equations correspond to algebraic changes in their equations. 
 
Dynamic geometry environments provide students with experimental and modeling tools that allow them to investigate geometric phenomena in 
much the same way as computer algebra systems allow them to experiment with algebraic phenomena. 

Connections to Equations. The correspondence between numerical coordinates and geometric points allows methods from algebra to be applied 
to geometry and vice versa. The solution set of an equation becomes a geometric curve, making visualization a tool for doing and understanding 
algebra. Geometric shapes can be described by equations, making algebraic manipulation into a tool for geometric understanding, modeling, and 
proof. 
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Geometry: Congruence (G-CO) 

Experiment with transformations in the plane 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-CO.1. Know precise 
definitions of angle, circle, 
perpendicular line, parallel 
line, and line segment, based 
on the undefined notions of 
point, line, distance along a 
line, and distance around a 
circular arc. 
 
Connection: 9-10.RST.4 

9-10 

 

HS.MP.6. Attend to precision.  

HS.G-CO.2. Represent 
transformations in the plane 
using, e.g., transparencies 
and geometry software; 
describe transformations as 
functions that take points in 
the plane as inputs and give 
other points as outputs. 
Compare transformations that 
preserve distance and angle 
to those that do not (e.g., 
translation versus horizontal 
stretch). 

 

Connection:  

ETHS-S6C1-03 

9-10 

 

HS.MP.5. Use appropriate 
tools strategically. 

Students may use geometry software and/or manipulatives to model and compare 
transformations. 
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Geometry: Congruence (G-CO) 

Experiment with transformations in the plane 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-CO.3. Given a 
rectangle, parallelogram, 
trapezoid, or regular polygon, 
describe the rotations and 
reflections that carry it onto 
itself. 

 

Connections: 

ETHS-S6C1-03; 

9-10.WHST.2c 

9-10 

 

HS.MP.3 Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 

Students may use geometry software and/or manipulatives to model transformations. 

HS.G-CO.4. Develop 
definitions of rotations, 
reflections, and translations in 
terms of angles, circles, 
perpendicular lines, parallel 
lines, and line segments. 

 

Connections: 

ETHS-S6C1-03; 

9-10.WHST.4 

9-10 

 

HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use geometry software and/or manipulatives to model transformations. 
Students may observe patterns and develop definitions of rotations, reflections, and 
translations. 
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Geometry: Congruence (G-CO) 

Experiment with transformations in the plane 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-CO.5. Given a 
geometric figure and a 
rotation, reflection, or 
translation, draw the 
transformed figure using, 
e.g., graph paper, tracing 
paper, or geometry software. 
Specify a sequence of 
transformations that will carry 
a given figure onto another. 

 

Connections: 

ETHS-S6C1-03; 

9-10.WHST.3 

9-10 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use geometry software and/or manipulatives to model transformations 
and demonstrate a sequence of transformations that will carry a given figure onto 
another. 

 
 
 
 
 
 
 
 
 
 
 



 

Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 
 84 

Geometry: Congruence (G-CO) 

Understand congruence in terms of rigid motions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-CO.6. Use geometric 
descriptions of rigid motions 
to transform figures and to 
predict the effect of a given 
rigid motion on a given figure; 
given two figures, use the 
definition of congruence in 
terms of rigid motions to 
decide if they are congruent. 
 
 
Connections:  
ETHS-S1C2-01; 
9-10.WHST.1e 

9-10 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

A rigid motion is a transformation of points in space consisting of a sequence of one 
or more translations, reflections, and/or rotations. Rigid motions are assumed to 
preserve distances and angle measures. 
 
Students may use geometric software to explore the effects of rigid motion on a 
figure(s). 

HS.G-CO.7. Use the 
definition of congruence in 
terms of rigid motions to 
show that two triangles are 
congruent if and only if 
corresponding pairs of sides 
and corresponding pairs of 
angles are congruent. 

 

Connection: 9-10.WHST.1e 

9-10 

 

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

A rigid motion is a transformation of points in space consisting of a sequence of one 
or more translations, reflections, and/or rotations. Rigid motions are assumed to 
preserve distances and angle measures. 

 

Congruence of triangles 

Two triangles are said to be congruent if one can be exactly superimposed on the 
other by a rigid motion, and the congruence theorems specify the conditions under 
which this can occur. 
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Geometry: Congruence (G-CO) 

Understand congruence in terms of rigid motions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-CO.8. Explain how the 
criteria for triangle 
congruence (ASA, SAS, and 
SSS) follow from the 
definition of congruence in 
terms of rigid motions. 

 

Connection: 9-10.WHST.1e 

9-10 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
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Geometry: Congruence (G-CO) 

Prove geometric theorems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-CO.9. Prove theorems 
about lines and angles. 
Theorems include: vertical 
angles are congruent; when a 
transversal crosses parallel 
lines, alternate interior angles 
are congruent and 
corresponding angles are 
congruent; points on a 
perpendicular bisector of a 
line segment are exactly 
those equidistant from the 
segment’s endpoints. 
 
 
Connections:  
ETHS-S1C2-01; 
9-10.WHST.1a-1e 

9-10 

 

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

HS.MP.5. Use appropriate 
tools strategically. 
 

 

Students may use geometric simulations (computer software or graphing calculator) 
to explore theorems about lines and angles.  
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Geometry: Congruence (G-CO) 

Prove geometric theorems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-CO.10. Prove 
theorems about triangles. 
Theorems include: measures 
of interior angles of a triangle 
sum to 180°; base angles of 
isosceles triangles are 
congruent; the segment 
joining midpoints of two sides 
of a triangle is parallel to the 
third side and half the length; 
the medians of a triangle 
meet at a point. 

 

 

Connections:  

ETHS-S1C2-01; 

9-10.WHST.1a-1e 

9-10 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 

Students may use geometric simulations (computer software or graphing calculator) 
to explore theorems about triangles. 
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Geometry: Congruence (G-CO) 

Prove geometric theorems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-CO.11. Prove 
theorems about 
parallelograms. Theorems 
include: opposite sides are 
congruent, opposite angles 
are congruent, the diagonals 
of a parallelogram bisect 
each other, and conversely, 
rectangles are parallelograms 
with congruent diagonals. 

 

Connection:  
9-10.WHST.1a-1e 

9-10 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 

Students may use geometric simulations (computer software or graphing calculator) 
to explore theorems about parallelograms. 
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Geometry: Congruence (G-CO) 

Make geometric constructions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-CO.12. Make formal 
geometric constructions with 
a variety of tools and 
methods (compass and 
straightedge, string, reflective 
devices, paper folding, 
dynamic geometric software, 
etc.). Copying a segment; 
copying an angle; bisecting a 
segment; bisecting an angle; 
constructing perpendicular 
lines, including the 
perpendicular bisector of a 
line segment; and 
constructing a line parallel to 
a given line through a point 
not on the line. 
 
Connection:  
ETHS-S6C1-03 

9-10 

 

HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 

Students may use geometric software to make geometric constructions. 
 

Examples: 

• Construct a triangle given the lengths of two sides and the measure of the 
angle between the two sides. 

• Construct the circumcenter of a given triangle. 

HS.G-CO.13. Construct an 
equilateral triangle, a square, 
and a regular hexagon 
inscribed in a circle. 

 

Connection: ETHS-S6C1-03 

9-10 

 

HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 

Students may use geometric software to make geometric constructions. 
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Geometry: Similarity, Right Triangles, and Trigonometry (G-SRT) 

Understand similarity in terms of similarity transformations 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-SRT.1. Verify 
experimentally the properties 
of dilations given by a center 
and a scale factor: 

 

 

Connections:  

ETHS-S1C2-01; 

9-10.WHST.1b; 

9-10.WHST.1e 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
 

A dilation is a transformation that moves each point along the ray through the point 
emanating from a fixed center, and multiplies distances from the center by a common 
scale factor. 
 
Students may use geometric simulation software to model transformations. Students 
may observe patterns and verify experimentally the properties of dilations. 
 

a. A dilation takes a line not 
passing through the 
center of the dilation to a 
parallel line, and leaves a 
line passing through the 
center unchanged.  

9-10 

 

b. The dilation of a line 
segment is longer or 
shorter in the ratio given 
by the scale factor. 

9-10 
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Geometry: Similarity, Right Triangles, and Trigonometry (G-SRT) 

Understand similarity in terms of similarity transformations 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-SRT.2. Given two 
figures, use the definition of 
similarity in terms of similarity 
transformations to decide if 
they are similar; explain using 
similarity transformations the 
meaning of similarity for 
triangles as the equality of all 
corresponding pairs of angles 
and the proportionality of all 
corresponding pairs of sides. 

 

 

Connections:  

ETHS-S1C2-01; 

9-10.RST.4; 

9-10.WHST.1c 

9-10 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

A similarity transformation is a rigid motion followed by a dilation. 

 
Students may use geometric simulation software to model transformations and 
demonstrate a sequence of transformations to show congruence or similarity of 
figures. 
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Geometry: Similarity, Right Triangles, and Trigonometry (G-SRT) 

Understand similarity in terms of similarity transformations 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-SRT.3. Use the 
properties of similarity 
transformations to establish 
the AA criterion for two 
triangles to be similar. 

 

 

Connections:  

ETHS-S1C2-01; 

9-10.RST.7 

9-10 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
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Geometry: Similarity, Right Triangles, and Trigonometry (G-SRT) 

Prove theorems involving similarity 

Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-SRT.4. Prove theorems 
about triangles. Theorems 
include: a line parallel to one 
side of a triangle divides the 
other two proportionally, and 
conversely; the Pythagorean 
Theorem proved using 
triangle similarity. 
 
Connections:  
ETHS-S1C2-01; 
9-10.WHST.1a-1e 

9-10 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 

Students may use geometric simulation software to model transformations and 
demonstrate a sequence of transformations to show congruence or similarity of 
figures. 

HS.G-SRT.5. Use 
congruence and similarity 
criteria for triangles to solve 
problems and to prove 
relationships in geometric 
figures. 

 

Connections:  

ETHS-S1C2-01; 

9-10.WHST.1a-1e 

9-10 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 

Similarity postulates include SSS, SAS, and AA. 

 

Congruence postulates include SSS, SAS, ASA, AAS, and H-L. 
 
Students may use geometric simulation software to model transformations and 
demonstrate a sequence of transformations to show congruence or similarity of 
figures. 
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Geometry: Similarity, Right Triangles, and Trigonometry (G-SRT) 

Define trigonometric ratios and solve problems involving right triangles 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-SRT.6. Understand 
that by similarity, side ratios 
in right triangles are 
properties of the angles in the 
triangle, leading to definitions 
of trigonometric ratios for 
acute angles.  

 

Connection: ETHS-S6C1-03 

9-10 

 

HS.MP.6. Attend to precision. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use applets to explore the range of values of the trigonometric ratios 
as θ ranges from 0 to 90 degrees. 
 
 
 
 
 
 
 

sine of θ = sin θ =
hypotenuse

opposite  cosecant of θ = csc θ =
opposite

hypotenuse  

cosine of θ = cos θ =
hypotenuse

adjacent  secant of θ = sec θ =
adjacent

hypotenuse  

tangent of θ = tan θ =
adjacent
opposite  cotangent of θ = cot θ =

opposite
adjacent  

 

θ 
opposite of θ 

Adjacent to θ 

hypotenuse 
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Geometry: Similarity, Right Triangles, and Trigonometry (G-SRT) 

Define trigonometric ratios and solve problems involving right triangles 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-SRT.7. Explain and 
use the relationship between 
the sine and cosine of 
complementary angles. 

 

Connections:  

ETHS-S1C2-01; 

ETHS-S6C1-03; 

9-10.WHST.1c; 

9-10.WHST.1e 

9-10 

 

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

Geometric simulation software, applets, and graphing calculators can be used to 
explore the relationship between sine and cosine. 
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Geometry: Similarity, Right Triangles, and Trigonometry (G-SRT) 

Define trigonometric ratios and solve problems involving right triangles 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-SRT.8. Use 
trigonometric ratios and the 
Pythagorean Theorem to 
solve right triangles in applied 
problems. 

 

Connections:  

ETHS-S6C2-03; 

9-10.RST.7 

9-10 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 

Students may use graphing calculators or programs, tables, spreadsheets, or 
computer algebra systems to solve right triangle problems. 

 

Example: 

• Find the height of a tree to the nearest tenth if the angle of elevation of the 
sun is 28° and the shadow of the tree is 50 ft. 
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Geometry: Similarity, Right Triangles, and Trigonometry (G-SRT) 

Apply trigonometry to general triangles 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-SRT.9. Derive the 
formula A = ½ ab sin(C) for 
the area of a triangle by 
drawing an auxiliary line from 
a vertex perpendicular to the 
opposite side. 
 
Connection: ETHS-S6C1-03 

v 
+ 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.7. Look for and make 
use of structure. 

 

HS.G-SRT.10. Prove the 
Laws of Sines and Cosines 
and use them to solve 
problems. 

 

Connections:  

ETHS-S6C1-03; 

11-12.WHST.1a-1e 

v 
+ 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 
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Geometry: Similarity, Right Triangles, and Trigonometry (G-SRT) 

Apply trigonometry to general triangles 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-SRT.11. Understand 
and apply the Law of Sines 
and the Law of Cosines to 
find unknown measurements 
in right and non-right triangles 
(e.g., surveying problems, 
resultant forces). 

 

Connections: 

11-12.WHST.2c; 

11-12.WHST.2e 

v 
+ 

 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.4. Model with 
mathematics. 

Example: 

• Tara wants to fix the location of a mountain by taking measurements from 
two positions 3 miles apart. From the first position, the angle between the 
mountain and the second position is 78o. From the second position, the 
angle between the mountain and the first position is 53o. How can Tara 
determine the distance of the mountain from each position, and what is the 
distance from each position? 
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Geometry: Circles (G-C) 
Understand and apply theorems about circles 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-C.1. Prove that all 
circles are similar. 

 

Connections:  

ETHS-S1C2-01;  

9-10.WHST.1a-1e 

9-10 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 

Students may use geometric simulation software to model transformations and 
demonstrate a sequence of transformations to show congruence or similarity of 
figures. 
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Geometry: Circles (G-C) 
Understand and apply theorems about circles 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-C.2. Identify and 
describe relationships among 
inscribed angles, radii, and 
chords. Include the 
relationship between central, 
inscribed, and circumscribed 
angles; inscribed angles on a 
diameter are right angles; the 
radius of a circle is 
perpendicular to the tangent 
where the radius intersects 
the circle. 

 

Connections: 

9-10.WHST.1c; 

11-12.WHST.1c 

9-10 

+ 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
 

Examples:  

 

• Given the circle below with radius of 10 and chord length of 12, find the 
distance from the chord to the center of the circle.  

 

 

• Find the unknown length in the picture below. 

 

 
 
 
 

HS.G-C.3. Construct the 
inscribed and circumscribed 
circles of a triangle, and 
prove properties of angles for 
a quadrilateral inscribed in a 
circle. 

 

Connection: ETHS-S6C1-03 

+ 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 

Students may use geometric simulation software to make geometric constructions. 
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Geometry: Circles (G-C) 
Understand and apply theorems about circles 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-C.4. Construct a 
tangent line from a point 
outside a given circle to the 
circle. 

 

Connection: ETHS-S6C1-03 

+ 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.5. Use appropriate 
tools strategically. 

Students may use geometric simulation software to make geometric constructions. 

 
 
 
Geometry: Circles (G-C) 
Find arc lengths and areas of sectors of circles 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-C.5. Derive using 
similarity the fact that the 
length of the arc intercepted 
by an angle is proportional to 
the radius, and define the 
radian measure of the angle 
as the constant of 
proportionality; derive the 
formula for the area of a 
sector. 
 
 

Connections:  

ETHS-S1C2-01; 

11-12.RST.4 

+ 

 

HS.MP.2 Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 

Students can use geometric simulation software to explore angle and radian 
measures and derive the formula for the area of a sector. 
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Geometry: Expressing Geometric Properties with Equations (G-GPE) 
Translate between the geometric description and the equation for a conic section 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-GPE.1. Derive the 
equation of a circle of given 
center and radius using the 
Pythagorean Theorem; 
complete the square to find 
the center and radius of a 
circle given by an equation. 
 
Connections:  

ETHS-S1C2-01; 

11-12.RST.4 

v 
 

HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use geometric simulation software to explore the connection between 
circles and the Pythagorean Theorem. 
 

Examples: 

• Write an equation for a circle with a radius of 2 units and center at (1, 3). 

• Write an equation for a circle given that the endpoints of the diameter are     
(-2, 7) and (4, -8). 

• Find the center and radius of the circle 4x2 + 4y2 - 4x + 2y – 1 = 0. 

HS.G-GPE.2. Derive the 
equation of a parabola given 
a focus and directrix. 

 

Connections:  
ETHS-S1C2-01; 

11-12.RST.4 

+ 

 

HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use geometric simulation software to explore parabolas. 
 

Examples: 

• Write and graph an equation for a parabola with focus (2, 3) and directrix           
y = 1. 
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Geometry: Expressing Geometric Properties with Equations (G-GPE) 
Translate between the geometric description and the equation for a conic section 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-GPE.3. Derive the 
equations of ellipses and 
hyperbolas given the foci, 
using the fact that the sum or 
difference of distances from 
the foci is constant. 

 

Connections:  

ETHS-S1C2-01; 11-12.RST.4 

+ 

 

HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use geometric simulation software to explore conic sections. 
 

Example: 

• Write an equation in standard form for an ellipse with foci at (0, 5) and (2, 0) 
and a center at the origin. 
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Geometry: Expressing Geometric Properties with Equations (G-GPE) 
Use coordinates to prove simple geometric theorems algebraically 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-GPE.4. Use 
coordinates to prove simple 
geometric theorems 
algebraically. For example, 
prove or disprove that a 
figure defined by four given 
points in the coordinate plane 
is a rectangle; prove or 
disprove that the point (1, √3) 
lies on the circle centered at 
the origin and containing the 
point (0, 2). 
 
Connections:  

ETHS-S1C2-01;  

9-10.WHST.1a-1e; 

11-12.WHST.1a-1e 

9-10 

v 
 

HS.MP.3 Reason abstractly 
and quantitatively.  
 
 

Students may use geometric simulation software to model figures and prove simple 
geometric theorems. 
 

Example: 

• Use slope and distance formula to verify the polygon formed by connecting 
the points (-3, -2), (5, 3), (9, 9), (1, 4) is a parallelogram. 
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Geometry: Expressing Geometric Properties with Equations (G-GPE) 
Use coordinates to prove simple geometric theorems algebraically 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-GPE.5. Prove the slope 
criteria for parallel and 
perpendicular lines and use 
them to solve geometric 
problems (e.g., find the 
equation of a line parallel or 
perpendicular to a given line 
that passes through a given 
point). 

 

Connection: 

9-10.WHST.1a-1e 

9-10 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Lines can be horizontal, vertical, or neither. 
 
Students may use a variety of different methods to construct a parallel or 
perpendicular line to a given line and calculate the slopes to compare the 
relationships. 
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Geometry: Expressing Geometric Properties with Equations (G-GPE) 
Use coordinates to prove simple geometric theorems algebraically 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-GPE.6. Find the point 
on a directed line segment 
between two given points that 
partitions the segment in a 
given ratio. 

 

Connections:  

ETHS-S1C2-01; 

9-10.RST.3 

9-10 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use geometric simulation software to model figures or line segments.  
 

Examples: 

 

• Given A(3, 2) and B(6, 11),  

o Find the point that divides the line segment AB two-thirds of the way from 
A to B. 
 
The point two-thirds of the way from A to B has x-coordinate two-thirds 
of the way from 3 to 6 and y coordinate two-thirds of the way from 2 to 
11. 
 

So, (5, 8) is the point that is two-thirds from point A to point B. 

 

o Find the midpoint of line segment AB.  
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Geometry: Expressing Geometric Properties with Equations (G-GPE) 
Use coordinates to prove simple geometric theorems algebraically 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-GPE.7. Use 
coordinates to compute 
perimeters of polygons and 
areas of triangles and 
rectangles, e.g., using the 
distance formula. 

 

Connections:  

ETHS-S1C2-01;  

9-10.RST.3; 

11-12.RST.3 

9-10 

« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 

Students may use geometric simulation software to model figures. 
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Geometry: Geometric Measurement and Dimension (G-GMD) 
Explain volume formulas and use them to solve problems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-GMD.1. Give an 
informal argument for the 
formulas for the 
circumference of a circle, 
area of a circle, volume of a 
cylinder, pyramid, and cone. 
Use dissection arguments, 
Cavalieri’s principle, and 
informal limit arguments. 
 
Connections: 9-10.RST.4; 
9-10.WHST.1c;  
9-10.WHST.1e; 
11-12.RST.4; 
11-12.WHST.1c; 
11-12.WHST.1e 

9-10 

+ 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
 

Cavalieri’s principle is if two solids have the same height and the same cross-
sectional area at every level, then they have the same volume. 

HS.G-GMD.2. Give an 
informal argument using 
Cavalieri’s principle for the 
formulas for the volume of a 
sphere and other solid 
figures. 

 

Connections: 9-10.RST.4; 
9-10.WHST.1c; 
9-10.WHST.1e; 
11-12.RST.4; 
11-12.WHST.1c; 
11-12.WHST.1e 

+ 

 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 

Cavalieri’s principle is if two solids have the same height and the same cross-
sectional area at every level, then they have the same volume. 

http://www.daviddarling.info/encyclopedia/V/volume.html
http://www.daviddarling.info/encyclopedia/V/volume.html
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Geometry: Geometric Measurement and Dimension (G-GMD) 
Explain volume formulas and use them to solve problems 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-GMD.3. Use volume 
formulas for cylinders, 
pyramids, cones, and 
spheres to solve problems. 

 

Connection: 9-10.RST.4 

9-10 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 

Missing measures can include but are not limited to slant height, altitude, height, 
diagonal of a prism, edge length, and radius. 

 
Geometry: Geometric Measurement and Dimension (G-GMD) 
Visualize relationships between two-dimensional and three dimensional objects 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-GMD.4. Identify the 
shapes of two-dimensional 
cross-sections of three-
dimensional objects, and 
identify three-dimensional 
objects generated by 
rotations of two-dimensional 
objects. 
 
Connection: ETHS-S1C2-01  

9-10 

v 
 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 

Students may use geometric simulation software to model figures and create cross 
sectional views. 

 

Example: 

• Identify the shape of the vertical, horizontal, and other cross sections of a 
cylinder. 
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Geometry: Modeling with Geometry (G-MG)« 
Apply geometric concepts in modeling situations 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-MG.1. Use geometric 
shapes, their measures, and 
their properties to describe 
objects (e.g., modeling a tree 
trunk or a human torso as a 
cylinder). 
 
Connections:  

ETHS-S1C2-01; 

9-10.WHST.2c 

9-10 

« 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use simulation software and modeling software to explore which model 
best describes a set of data or situation. 

HS.G-MG.2. Apply concepts 
of density based on area and 
volume in modeling situations 
(e.g., persons per square 
mile, BTUs per cubic foot). 

 

Connection: ETHS-S1C2-01 

9-10 

v 
« 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use simulation software and modeling software to explore which model 
best describes a set of data or situation. 
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Geometry: Modeling with Geometry (G-MG)« 
Apply geometric concepts in modeling situations 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.G-MG.3. Apply geometric 
methods to solve design 
problems (e.g., designing an 
object or structure to satisfy 
physical constraints or 
minimize cost; working with 
typographic grid systems 
based on ratios). 

 

Connection: ETHS-S1C2-01 

9-10 

v 
« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
 

Students may use simulation software and modeling software to explore which model 
best describes a set of data or situation. 
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High School – Statistics and Probability Overview 
 

Interpreting Categorical and Quantitative Data (S-ID) 

• Summarize, represent, and interpret data on a single count or 
measurement variable 

• Summarize, represent, and interpret data on two categorical and 
quantitative variables 

• Interpret linear models 

Making Inferences and Justifying Conclusions (S-IC) 

• Understand and evaluate random processes underlying statistical 
experiments 

• Make inferences and justify conclusions from sample surveys, 
experiments and observational studies 

Conditional Probability and the Rules of Probability (S-CP) 

• Understand independence and conditional probability and use 
them to interpret data 

• Use the rules of probability to compute probabilities of compound 
events in a uniform probability model 

Using Probability to Make Decisions (S-MD) 

• Calculate expected values and use them to solve problems 

• Use probability to evaluate outcomes of decisions 

Mathematical Practices (MP) 

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

2. Reason abstractly and quantitatively. 

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

4. Model with mathematics. 

5. Use appropriate tools strategically. 

6. Attend to precision. 

7. Look for and make use of structure. 

8. Look for and express regularity in repeated reasoning. 
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High School - Statistics and Probability« 
 
Decisions or predictions are often based on data—numbers in context. These decisions or predictions would be easy if the data always sent a clear 
message, but the message is often obscured by variability. Statistics provides tools for describing variability in data and for making informed 
decisions that take it into account. 
 
Data are gathered, displayed, summarized, examined, and interpreted to discover patterns and deviations from patterns. Quantitative data can be 
described in terms of key characteristics: measures of shape, center, and spread. The shape of a data distribution might be described as 
symmetric, skewed, flat, or bell shaped, and it might be summarized by a statistic measuring center (such as mean or median) and a statistic 
measuring spread (such as standard deviation or interquartile range). Different distributions can be compared numerically using these statistics or 
compared visually using plots. Knowledge of center and spread are not enough to describe a distribution. Which statistics to compare, which plots 
to use, and what the results of a comparison might mean, depend on the question to be investigated and the real-life actions to be taken. 
 
Randomization has two important uses in drawing statistical conclusions. First, collecting data from a random sample of a population makes it 
possible to draw valid conclusions about the whole population, taking variability into account. Second, randomly assigning individuals to different 
treatments allows a fair comparison of the effectiveness of those treatments. A statistically significant outcome is one that is unlikely to be due to 
chance alone, and this can be evaluated only under the condition of randomness. The conditions under which data are collected are important in 
drawing conclusions from the data; in critically reviewing uses of statistics in public media and other reports, it is important to consider the study 
design, how the data were gathered, and the analyses employed as well as the data summaries and the conclusions drawn. 
 
Random processes can be described mathematically by using a probability model: a list or description of the possible outcomes (the sample space), 
each of which is assigned a probability. In situations such as flipping a coin, rolling a number cube, or drawing a card, it might be reasonable to 
assume various outcomes are equally likely. In a probability model, sample points represent outcomes and combine to make up events; 
probabilities of events can be computed by applying the Addition and Multiplication Rules. Interpreting these probabilities relies on an understanding 
of independence and conditional probability, which can be approached through the analysis of two-way tables. 
 
Technology plays an important role in statistics and probability by making it possible to generate plots, regression functions, and correlation 
coefficients, and to simulate many possible outcomes in a short amount of time. 
 
Connections to Functions and Modeling. Functions may be used to describe data; if the data suggest a linear relationship, the relationship can 
be modeled with a regression line, and its strength and direction can be expressed through a correlation coefficient. 
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Statistics and Probability: Interpreting Categorical and Quantitative Data (S-ID) « 
Summarize, represent, and interpret data on a single count or measurement variable 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-ID.1. Represent data 
with plots on the real number 
line (dot plots, histograms, 
and box plots). 
 
Connections:  
SCHS-S1C1-04;  
SCHS-S1C2-03;  
SCHS-S1C2-05;  
SCHS-S1C4-02;  
SCHS-S2C1-04;  
ETHS-S6C2-03;  
SSHS-S1C1-04; 
9-10.RST.7 

9-10 

« 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
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Statistics and Probability: Interpreting Categorical and Quantitative Data (S-ID) « 
Summarize, represent, and interpret data on a single count or measurement variable 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-ID.2. Use statistics 
appropriate to the shape of 
the data distribution to 
compare center (median, 
mean) and spread 
(interquartile range, standard 
deviation) of two or more 
different data sets. 

 

Connections:  

SCHS-S1C3-06; 

ETHS-S6C2-03; 

SSHS-S1C1-01 

v 
+ 

« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics.HS.MP.5. Use 
appropriate tools 
strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use spreadsheets, graphing calculators and statistical software for 
calculations, summaries, and comparisons of data sets. 
 

Examples: 

• The two data sets below depict the housing prices sold in the King River area 
and Toby Ranch areas of Pinal County, Arizona. Based on the prices below 
which price range can be expected for a home purchased in Toby Ranch? In 
the King River area? In Pinal County? 

o King River area {1.2 million, 242000, 265500,   140000, 281000, 265000, 
211000} 

o Toby Ranch homes {5million, 154000, 250000, 250000, 200000, 
160000, 190000} 

 

• Given a set of test scores: 99, 96, 94, 93, 90, 88, 86, 77, 70, 68, find the 
mean, median and standard deviation. Explain how the values vary 
about the mean and median. What information does this give the 
teacher? 
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Statistics and Probability: Interpreting Categorical and Quantitative Data (S-ID) « 
Summarize, represent, and interpret data on a single count or measurement variable 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-ID.3. Interpret 
differences in shape, center, 
and spread in the context of 
the data sets, accounting for 
possible effects of extreme 
data points (outliers). 

 

Connections:  

SSHS-S1C1-01; 

ETHS-S6C2-03; 

9-10.WHST.1a 

9-10 

« 

 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use spreadsheets, graphing calculators and statistical software to 
statistically identify outliers and analyze data sets with and without outliers as 
appropriate. 



 

Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 
 117 

Statistics and Probability: Interpreting Categorical and Quantitative Data (S-ID) « 
Summarize, represent, and interpret data on a single count or measurement variable 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-ID.4. Use the mean and 
standard deviation of a data 
set to fit it to a normal 
distribution and to estimate 
population percentages. 
Recognize that there are data 
sets for which such a 
procedure is not appropriate. 
Use calculators, 
spreadsheets, and tables to 
estimate areas under the 
normal curve. 

 

Connections:  

ETHS-S1C2-01; 

ETHS-S6C2-03; 

11-12.RST.7; 

11-12.RST.8; 

11-12.WRT.1b 

v 
+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use spreadsheets, graphing calculators, statistical software and tables 
to analyze the fit between a data set and normal distributions and estimate areas 
under the curve. 

Examples: 

• The bar graph below gives the birth weight of a population of 100 
chimpanzees.  The line shows how the weights are normally distributed 
about the mean, 3250 grams.  Estimate the percent of baby chimps weighing 
3000-3999 grams. 

 

  

 

 

 

 

 

 

 

• Determine which situation(s) is best modeled by a normal distribution. Explain 
your reasoning. 

o Annual income of a household in the U.S. 

o Weight of babies born in one year in the U.S. 
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Statistics and Probability: Interpreting Categorical and Quantitative Data (S-ID) « 
Summarize, represent, and interpret data on a single count or measurement variable 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-ID.5. Summarize 
categorical data for two 
categories in two-way 
frequency tables. Interpret 
relative frequencies in the 
context of the data (including 
joint, marginal, and 
conditional relative 
frequencies). Recognize 
possible associations and 
trends in the data. 
 
Connections:  
ETHS-S1C2-01; 
ETHS-S6C2-03; 
11-12.RST.9; 
11-12.WHST.1a-1b; 
11-12.WHST.1e 

v 
+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use spreadsheets, graphing calculators, and statistical software to 
create frequency tables and determine associations or trends in the data. 
Examples: 
Two-way Frequency Table 
A two-way frequency table is shown below displaying the relationship between age 
and baldness. We took a sample of 100 male subjects, and determined who is or is 
not bald. We also recorded the age of the male subjects by categories. 

Two-way Frequency Table 

Bald Age Total 

 Younger than 45 45 or older  

No 35 11 46 

Yes 24 30 54 

Total 59 41 100 

The total row and total column entries in the table above report the marginal 
frequencies, while entries in the body of the table are the joint frequencies. 
Two-way Relative Frequency Table 
The relative frequencies in the body of the table are called conditional relative 
frequencies. 

Two-way Relative Frequency Table 

Bald Age Total 

 Younger than 45 45 or older  

No 0.35 0.11 0.46 

Yes 0.24 0.30 0.54 

Total 0.59 0.41 1.00 
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Statistics and Probability: Interpreting Categorical and Quantitative Data (S-ID) « 
Summarize, represent, and interpret data on a single count or measurement variable 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-ID.6. Represent data 
on two quantitative variables 
on a scatter plot, and 
describe how the variables 
are related. 

 

Connections:  

SCHS-S1C2-05; 

SCHS-S1C3-01; 

ETHS-S1C2-01; 

ETHS-S1C3-01; 

ETHS-S6C2-03 

v 
+ 

« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

The residual in a regression model is the difference between the observed and the 
predicted  for some (  the dependent variable and the independent variable). 

So if we have a model , and a data point  the residual is for this 

point is: .  Students may use spreadsheets, graphing 
calculators, and statistical software to represent data, describe how the variables are 
related, fit functions to data, perform regressions, and calculate residuals. 

 

Example: 

• Measure the wrist and neck size of each person in your class and make a 
scatterplot. Find the least squares regression line. Calculate and interpret the 
correlation coefficient for this linear regression model. Graph the residuals 
and evaluate the fit of the linear equations. 
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Statistics and Probability: Interpreting Categorical and Quantitative Data (S-ID) « 
Summarize, represent, and interpret data on a single count or measurement variable 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
a. Fit a function to the data; 

use functions fitted to 
data to solve problems in 
the context of the data. 
Use given functions or 
choose a function 
suggested by the context. 
Emphasize linear, 
quadratic, and 
exponential models. 

 

Connection: 11-12.RST.7 

v 
+ 

« 

b. Informally assess the fit of 
a function by plotting and 
analyzing residuals. 

 

Connections: 11-12.RST.7; 

11-12.WHST.1b-1c 

v 
+ 

« 

c. Fit a linear function for a 
scatter plot that suggests 
a linear association. 

 

Connection: 11-12.RST.7 

v 
+ 

« 
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Statistics and Probability: Interpreting Categorical and Quantitative Data (S-ID) « 
Interpret linear models 

Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-ID.7. Interpret the slope 
(rate of change) and the 
intercept (constant term) of a 
linear model in the context of 
the data. 
 
Connections:  
SCHS-S5C2-01; 
ETHS-S1C2-01;  
ETHS-S6C2-03; 
9-10.RST.4; 9-10.RST.7; 
9-10.WHST.2f 

9-10 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 

Students may use spreadsheets or graphing calculators to create representations of 
data sets and create linear models. 

 

Example: 

• Lisa lights a candle and records its height in inches every hour. The 
results recorded as (time, height) are (0, 20), (1, 18.3), (2, 16.6), (3, 
14.9), (4, 13.2), (5, 11.5), (7, 8.1), (9, 4.7), and (10, 3).  Express the 
candle’s height (h) as a function of time (t) and state the meaning of the 
slope and the intercept in terms of the burning candle.  

 

Solution:  

h = -1.7t + 20  

Slope:  The candle’s height decreases by 1.7 inches for each hour it is 
burning. 

Intercept: Before the candle begins to burn, its height is 20 inches. 
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Statistics and Probability: Interpreting Categorical and Quantitative Data (S-ID) « 
Interpret linear models 

Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-ID.8. Compute (using 
technology) and interpret the 
correlation coefficient of a 
linear fit. 

 

Connections:  

ETHS-S1C2-01; 

ETHS-S6C2-03; 

11-12.RST.5; 

11-12.WHST.2e 

v 
« 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use spreadsheets, graphing calculators, and statistical software to 
represent data, describe how the variables are related, fit functions to data, perform 
regressions, and calculate residuals and correlation coefficients. 

 

Example: 

• Collect height, shoe-size, and wrist circumference data for each student. 
Determine the best way to display the data. Answer the following questions: 
Is there a correlation between any two of the three indicators? Is there a 
correlation between all three indicators? What patterns and trends are 
apparent in the data? What inferences can be made from the data? 

 

HS.S-ID.9. Distinguish 
between correlation and 
causation. 

 

Connection: 9-10.RST.9 

9-10 

« 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.6. Attend to precision. 

Some data leads observers to believe that there is a cause and effect relationship 
when a strong relationship is observed. Students should be careful not to assume 
that correlation implies causation.  The determination that one thing causes another 
requires a controlled randomized experiment. 

 

Example: 

• Diane did a study for a health class about the effects of a student’s end-of-
year math test scores on height. Based on a graph of her data, she found 
that there was a direct relationship between students’ math scores and 
height. She concluded that “doing well on your end-of-course math tests 
makes you tall.” Is this conclusion justified? Explain any flaws in Diane’s 
reasoning. 
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Statistics and Probability: Making Inferences and Justifying Conclusions (S-IC) « 
Understand and evaluate random processes underlying statistical experiments 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-IC.1. Understand 
statistics as a process for 
making inferences to be 
made about population 
parameters based on a 
random sample from that 
population. 

+ 

« 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.6. Attend to precision. 

 

HS.S-IC.2. Decide if a 
specified model is consistent 
with results from a given 
data-generating process, 
e.g., using simulation. For 
example, a model says a 
spinning coin falls heads up 
with probability 0.5. Would a 
result of 5 tails in a row cause 
you to question the model? 

 

Connections:  

ETHS-S6C2-03; 

9-10.WHST.2d; 

9-10.WHST.2f 

9-10 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Possible data-generating processes include (but are not limited to): flipping coins, 
spinning spinners, rolling a number cube, and simulations using the random number 
generators. Students may use graphing calculators, spreadsheet programs, or 
applets to conduct simulations and quickly perform large numbers of trials. 

 

The law of large numbers states that as the sample size increases, the experimental 
probability will approach the theoretical probability. Comparison of data from 
repetitions of the same experiment is part of the model building verification process.   

 

Example:  

• Have multiple groups flip coins. One group flips a coin 5 times, one group flips 
a coin 20 times, and one group flips a coin 100 times. Which group’s results 
will most likely approach the theoretical probability? 
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Statistics and Probability: Making Inferences and Justifying Conclusions (S-IC) « 
Make inferences and justify conclusions from sample surveys, experiments, and observational studies 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-IC.3. Recognize the 
purposes of and differences 
among sample surveys, 
experiments, and 
observational studies; explain 
how randomization relates to 
each. 
 
Connections: 
11-12.RST.9; 
11-12.WHST.2b 

+ 

« 

HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.6. Attend to precision. 

Students should be able to explain techniques/applications for randomly selecting 
study subjects from a population and how those techniques/applications differ from 
those used to randomly assign existing subjects to control groups or experimental 
groups in a statistical experiment.  

 
In statistics, an observational study draws inferences about the possible effect of a 
treatment on subjects, where the assignment of subjects into a treated group versus 
a control group is outside the control of the investigator (for example, observing data 
on academic achievement and socio-economic status to see if there is a relationship 
between them). This is in contrast to controlled experiments, such as randomized 
controlled trials, where each subject is randomly assigned to a treated group or a 
control group before the start of the treatment. 
 

HS.S-IC.4. Use data from a 
sample survey to estimate a 
population mean or 
proportion; develop a margin 
of error through the use of 
simulation models for random 
sampling. 

 

Connections:  

ETHS-S6C2-03; 

11-12.RST.9; 

11-12.WHST.1e 

+ 

« 

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

 

HS.MP.4. Model with 
mathematics. 

 

HS.MP.5. Use appropriate 
tools strategically. 

Students may use computer generated simulation models based upon sample 
surveys results to estimate population statistics and margins of error. 
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Statistics and Probability: Making Inferences and Justifying Conclusions (S-IC) « 
Make inferences and justify conclusions from sample surveys, experiments, and observational studies 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-IC.5. Use data from a 
randomized experiment to 
compare two treatments; use 
simulations to decide if 
differences between 
parameters are significant. 

 

Connections:  

ETHS-S6C2-03; 

11-12.RST.4; 11-12.RST.5; 

11-12.WHST.1e 

+ 

« 

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

 

HS.MP.4. Model with 
mathematics. 

 

HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use computer generated simulation models to decide how likely it is 
that observed differences in a randomized experiment are due to chance. 
 
Treatment is a term used in the context of an experimental design to refer to any 
prescribed combination of values of explanatory variables. For example, one wants 
to determine the effectiveness of weed killer.  Two equal parcels of land in a 
neighborhood are treated; one with a placebo and one with weed killer to determine 
whether there is a significant difference in effectiveness in eliminating weeds. 
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Statistics and Probability: Making Inferences and Justifying Conclusions (S-IC) « 
Make inferences and justify conclusions from sample surveys, experiments, and observational studies 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-IC.6. Evaluate reports 
based on data. 

 

Connections: 11-12.RST.4; 

11-12.RST.5; 

11-12.WHST.1b; 

11-12.WHST.1e 

9-10 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Explanations can include but are not limited to sample size, biased survey sample, 
interval scale, unlabeled scale, uneven scale, and outliers that distort the line-of-best-
fit. In a pictogram the symbol scale used can also be a source of distortion. 

 

As a strategy, collect reports published in the media and ask students to consider the 
source of the data, the design of the study, and the way the data are analyzed and 
displayed. 

 

Example: 

• A reporter used the two data sets below to calculate the mean housing price 
in Arizona as $629,000. Why is this calculation not representative of the 
typical housing price in Arizona? 

o King River area {1.2 million, 242000, 265500,   140000, 281000, 265000, 
211000} 

o Toby Ranch homes {5million, 154000, 250000, 250000, 200000, 
160000, 190000} 
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Statistics and Probability: Conditional Probability and the Rules of Probability (S-CP) « 
Understand independence and conditional probability and use them to interpret data 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-CP.1. Describe events 
as subsets of a sample space 
(the set of outcomes) using 
characteristics (or categories) 
of the outcomes, or as 
unions, intersections, or 
complements of other events 
(“or,” “and,” “not”). 
 
Connection: 11-12.WHST.2e 

v 
« 

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

Intersection: The intersection of two sets A and B is the set of elements that are 
common to both set A and set B. It is denoted by A ∩ B and is read ‘A intersection 
B’.  

• A ∩ B in the diagram is {1, 5} 

• this means: BOTH/AND 

 
 
 
 
 
 
 
 
 
 
 
 
 
Union: The union of two sets A and B is the set of elements, which are in A or in B 

or in both. It is  
           denoted by A ∪ B and is read ‘A union B’.  

 

• A ∪ B in the diagram is {1, 2, 3, 4, 5, 7} 

• this means: EITHER/OR/ANY 

• could be both 

Complement:  The complement of the set A ∪B is the set of elements that are 
members of the universal set U but are not in A ∪B. It is denoted by (A ∪ B )’ 

(A ∪ B )’ in the diagram is {8} 

U 
B A 

7 
5 

4 3 

2 
1 

8 
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Statistics and Probability: Conditional Probability and the Rules of Probability (S-CP) « 
Understand independence and conditional probability and use them to interpret data 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-CP.2. Understand that 
two events A and B are 
independent if the probability 
of A and B occurring together 
is the product of their 
probabilities, and use this 
characterization to determine 
if they are independent. 

 

Connection: 11-12.WHST.1e 

v 
« 

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

 

HS.S-CP.3. Understand the 
conditional probability of A 
given B as P(A and B)/P(B), 
and interpret independence 
of A and B as saying that the 
conditional probability of A 
given B is the same as the 
probability of A, and the 
conditional probability of B 
given A is the same as the 
probability of B. 

 

Connections: 
11-12.RST.5; 
11-12.WHST.1e 

v 
« 

HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
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Statistics and Probability: Conditional Probability and the Rules of Probability (S-CP) « 
Understand independence and conditional probability and use them to interpret data 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-CP.4. Construct and 
interpret two-way frequency 
tables of data when two 
categories are associated 
with each object being 
classified. Use the two-way 
table as a sample space to 
decide if events are 
independent and to 
approximate conditional 
probabilities. For example, 
collect data from a random 
sample of students in your 
school on their favorite 
subject among math, science, 
and English. Estimate the 
probability that a randomly 
selected student from your 
school will favor science 
given that the student is in 
tenth grade.  Do the same for 
other subjects and compare 
the results. 

Connections:  

ETHS-S6C2-03; 

11-12.RST.4; 11-12.RST.9; 

11-12.WHST.1e 

v 
« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use spreadsheets, graphing calculators, and simulations to create 
frequency tables and conduct analyses to determine if events are independent or 
determine approximate conditional probabilities. 
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Statistics and Probability: Conditional Probability and the Rules of Probability (S-CP) « 
Understand independence and conditional probability and use them to interpret data 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-CP.5. Recognize and 
explain the concepts of 
conditional probability and 
independence in everyday 
language and everyday 
situations. For example, 
compare the chance of 
having lung cancer if you are 
a smoker with the chance of 
being a smoker if you have 
lung cancer. 

 

Connections: 11-12.RST.4; 

11-12.RST.5; 

11-12.WHST.1e 

v 
« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Examples: 

• What is the probability of drawing a heart from a standard deck of 
cards on a second draw, given that a heart was drawn on the first 
draw and not replaced? Are these events independent or 
dependent? 

• At Johnson Middle School, the probability that a student takes 
computer science and French is 0.062. The probability that a student 
takes computer science is 0.43. What is the probability that a student 
takes French given that the student is taking computer science?  
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Statistics and Probability: Conditional Probability and the Rules of Probability (S-CP) « 
Use the rules of probability to compute probabilities of compound events in a uniform probability model 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-CP.6. Find the 
conditional probability of A 
given B as the fraction of B’s 
outcomes that also belong to 
A, and interpret the answer in 
terms of the model. 
 
Connections:  
ETHS-S1C2-01;  
ETHS-S6C2-03;  
11-12.RST.9; 
11-12.WHST.1b; 
11-12.WHST.1e; 

v 
« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students could use graphing calculators, simulations, or applets to model probability 
experiments and interpret the outcomes. 

HS.S-CP.7. Apply the 
Addition Rule, P(A or B) = 
P(A) + P(B) – P(A and B), 
and interpret the answer in 
terms of the model. 

 

Connections:  

ETHS-S1C2-01; 

ETHS-S6C2-03; 11-12.RST.9 

v 
« 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 

Students could use graphing calculators, simulations, or applets to model probability 
experiments and interpret the outcomes. 

 

Example: 

• In a math class of 32 students, 18 are boys and 14 are girls. On a unit 
test, 5 boys and 7 girls made an A grade. If a student is chosen at 
random from the class, what is the probability of choosing a girl or an 
A student? 
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Statistics and Probability: Conditional Probability and the Rules of Probability (S-CP) « 
Use the rules of probability to compute probabilities of compound events in a uniform probability model 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-CP.8. Apply the general 
Multiplication Rule in a 
uniform probability model, 
P(A and B) = P(A)P(B|A) = 
P(B)P(A|B), and interpret the 
answer in terms of the model. 

 

Connections:  

ETHS-S1C2-01; 

ETHS-S6C2-03; 

11-12.RST.9 

v 
« 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 

Students could use graphing calculators, simulations, or applets to model probability 
experiments and interpret the outcomes. 

HS.S-CP.9. Use 
permutations and 
combinations to compute 
probabilities of compound 
events and solve problems. 

 

Connections:  

ETHS-S1C2-01; 

ETHS-S6C2-03; 11-12.RST.9 

v 
« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use calculators or computers to determine sample spaces and 
probabilities. 

 

Example: 

• You and two friends go to the grocery store and each buys a soda. If 
there are five different kinds of soda, and each friend is equally likely 
to buy each variety, what is the probability that no one buys the 
same kind? 

Statistics and Probability: Using Probability to Make Decisions (S-MD) « 
Calculate expected values and use them to solve problems 
Standards Label Mathematical Practices Explanations and Examples 
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Students are expected to:    
HS.S-MD.1. Define a random 
variable for a quantity of 
interest by assigning a 
numerical value to each 
event in a sample space; 
graph the corresponding 
probability distribution using 
the same graphical displays 
as for data distributions. 
 
Connections:  
ETHS-S6C2-03; 
11-12.RST.5; 11-12.RST.9; 
11-12.WHST.1b; 
11-12.WHST.1e 

v 
+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use spreadsheets, graphing calculators and statistical software to 
represent data in multiple forms. 
Example: 

• Suppose you are working for a contractor who is designing new homes. She 
wants to ensure that the home models match the demographics for the area. 
She asks you to research the size of households in the region in order to 
better inform the floor plans of the home.  

Solution: 
• A possible solution could be the result of research organized in a variety of 

forms. In this case, the results of the research are shown in a table and 
graph. The student has defined their variable as x as the number of people 
per household. 

 

People per Household Proportion of Households 
1 0.026 
2 0.031 
3 0.132 
4 0.567 
5 0.181 
6 0.048 
7 0.015 
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Statistics and Probability: Conditional Probability and the Rules of Probability (S-CP) « 
Use the rules of probability to compute probabilities of compound events in a uniform probability model 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-MD.2. Calculate the 
expected value of a random 
variable; interpret it as the 
mean of the probability 
distribution. 

 

Connections:  

ETHS-S1C2-01; 

ETHS-S6C2-03; 

11-12.RST.3; 11-12.RST.4; 

11-12.RST.9 

v 
+ 

« 

HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use spreadsheets or graphing calculators to complete calculations or 
create probability models. 

The expected value of an uncertain event is the sum of the possible points earned 
multiplied by each points’ chance of occurring. 

Example: 

• In a game, you roll a six sided number cube numbered with 1, 2, 3, 4, 
5 and 6. You earn 3 points if a 6 comes up, 6 points if a 2, 4 or 5 
comes up, and nothing otherwise. Since there is a 1/6 chance of 
each number coming up, the outcomes, probabilities and payoffs 
look like this: 

Outcome Probability Points 

1 1/6 0 points 

2 1/6 6 points 

3 1/6 0 points 

4 1/6 6 points 

5 1/6 6 points 

6 1/6 3 points 

The expected value is sum of the products of the probability and points 
earned for each outcome (the entries in the last two columns multiplied 

together): points 50.33
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Statistics and Probability: Conditional Probability and the Rules of Probability (S-CP) « 
Use the rules of probability to compute probabilities of compound events in a uniform probability model 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-MD.3. Develop a 
probability distribution for a 
random variable defined for a 
sample space in which 
theoretical probabilities can 
be calculated; find the 
expected value. For example, 
find the theoretical probability 
distribution for the number of 
correct answers obtained by 
guessing on all five questions 
of a multiple-choice test 
where each question has four 
choices, and find the 
expected grade under various 
grading schemes. 

 

Connections:  

ETHS-S1C2-01; 

ETHS-S6C2-03; 

11-12.RST.3; 11-12.RST.9; 
11-12.WHST.1b; 
11-12.WHST.1e 

v 
+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to model and interpret parameters in linear, quadratic or exponential 
functions. 
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Statistics and Probability: Conditional Probability and the Rules of Probability (S-CP) « 
Use the rules of probability to compute probabilities of compound events in a uniform probability model 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-MD.4. Develop a 
probability distribution for a 
random variable defined for a 
sample space in which 
probabilities are assigned 
empirically; find the expected 
value. For example, find a 
current data distribution on 
the number of TV sets per 
household in the United 
States, and calculate the 
expected number of sets per 
household. How many TV 
sets would you expect to find 
in 100 randomly selected 
households? 

 

Connections:  

ETHS-S1C2-01; 

ETHS-S6C2-03; 

11-12.RST.9; 
11-12.WHST.1b; 
11-12.WHST.1e 

v 
+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to model and interpret parameters in linear, quadratic or exponential 
functions. 
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Statistics and Probability: Using Probability to Make Decisions (S-MD) « 
Use probability to evaluate outcomes of decisions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-MD.5. Weigh the 
possible outcomes of a 
decision by assigning 
probabilities to payoff values 
and finding expected values.  
 
Connections: SSHS-S5C2-
03, SSHS-S5C5-03, SSHS-
S5C5-05; ETHS-S1C2-01 
ETHS-S6C2-03 

v 
+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 

Different types of insurance to be discussed include but are not limited to: health, 
automobile, property, rental, and life insurance. 

 
Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to model and interpret parameters in linear, quadratic or exponential 
functions. 

 
a. Find the expected payoff 

for a game of chance. 
For example, find the 
expected winnings from a 
state lottery ticket or a 
game at a fast-food 
restaurant. 

 
Connections: 11-12.RST.3; 
11-12.RST.9;  
11-12.WHST.1b; 
11-12.WHST.1e 

v 
+ 

« 
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Statistics and Probability: Using Probability to Make Decisions (S-MD) « 
Use probability to evaluate outcomes of decisions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
b. Evaluate and compare 

strategies on the basis of 
expected values. For 
example, compare a 
high-deductible versus a 
low-deductible 
automobile insurance 
policy using various, but 
reasonable, chances of 
having a minor or a major 
accident. 

 
Connections: 11-12.RST.3;  
11-12.RST.9; 
11-12.WHST.1b; 
11-12.WHST.1e 

v 
+ 

« 

express regularity in repeated 
reasoning. 
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Statistics and Probability: Using Probability to Make Decisions (S-MD) « 
Use probability to evaluate outcomes of decisions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-MD.6. Use probabilities 
to make fair decisions (e.g., 
drawing by lots, using a 
random number generator). 

 

Connections:  

ETHS-S1C2-01; 

ETHS-S6C2-03; 

11-12.RST.3; 11-12.RST.9; 
11-12.WHST.1b; 
11-12.WHST.1e 

+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to model and interpret parameters in linear, quadratic or exponential 
functions. 
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Statistics and Probability: Using Probability to Make Decisions (S-MD) « 
Use probability to evaluate outcomes of decisions 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
HS.S-MD.7. Analyze 
decisions and strategies 
using probability concepts 
(e.g., product testing, medical 
testing, pulling a hockey 
goalie at the end of a game). 

 

Connections:  

ETHS-S1C2-01; 

ETHS-S6C2-03 

v 
+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.7. Look for and make 
use of structure. 

Students may use graphing calculators or programs, spreadsheets, or computer 
algebra systems to model and interpret parameters in linear, quadratic or exponential 
functions. 
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High School – Contemporary Mathematics Overview 

 
Discrete Mathematics (CM-DM) 

• Understand and apply vertex-edge graph topics  

 

 

Mathematical Practices (MP) 

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

2. Reason abstractly and quantitatively. 

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

4. Model with mathematics. 

5. Use appropriate tools strategically. 

6. Attend to precision. 

7. Look for and make use of structure. 

8. Look for and express regularity in repeated reasoning. 

 

High School – Contemporary Mathematics« 
Discrete mathematics is contemporary mathematics. This area of mathematics is very relevant in today’s technologically advanced society. Discrete 
mathematics provides the underpinnings for many features of the Internet, from encryption of credit card numbers to decompression and 
compression of photographs, music, and video. It also informs the efficiency of our communication and transportation systems, such as determining 
the shortest path through a network or identifying the most cost effective design of airline or bus routes. The power of discrete mathematics is 
exemplified through the motivational impact on students. They are not only immersed in interesting mathematics but are actively engaged in the 
“doing” of mathematics. Mathematics is not a bystander sport.  
 
Discrete mathematics topics, particularly vertex-edge graphs, afford students the opportunity to access problem solving in a meaningful context. 
Students strengthen their skills in problem solving, reasoning, conjecturing, communication, analysis, and proof. They apply the Standards for 
Mathematical Practice as they solve discrete mathematics problems. Discrete mathematics courses play an increasingly important role in the high 
school curriculum as possible pathways for those students who seek meaningful 4th credit courses that connect to technology and the needs of the 
21st century learner. 
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Graph theory is the formal study of vertex-edge graphs. Unlike graphs used in data analysis, vertex-edge graphs are used to visually represent 
problem situations. Vertex-edge graphs are used to model and solve problems related to paths, circuits, or the relationship among a set of objects.  
 
Connections to Modeling. Mathematical modeling occurs when students follow a multistep process of solving problems and represent the key 
ideas through a visual representation. These visual representations allow students multiple entry points for solving a problem, ensuring material that 
is both engaging and accessible. Examples of real word situations that could be modeled using a vertex-edge graph are 1) planning a table tennis 
tournament for 7 players at a club with 4 tables, where each player plays against each other player or 2) engaging in critical path analysis, e.g., 
applied to turnaround of an aircraft at an airport. 
 
Contemporary Mathematics: Discrete Mathematics (CM-DM)« 
Understand and apply vertex-edge graph topics 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
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Contemporary Mathematics: Discrete Mathematics (CM-DM)« 
Understand and apply vertex-edge graph topics 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
M-DM.1. Study the following 
topics related to vertex-edge 
graphs: Euler circuits, 
Hamilton circuits, the 
Travelling Salesperson 
Problem (TSP), minimum 
weight spanning trees, 
shortest paths, vertex 
coloring, and adjacency 
matrices. 
 
Connections:  
ETHS-S6C2-03; 
11-12.RST.4; 11-12.RST.5; 
11-12.RST.9; 
11-12.WHST.1b; 
11-12.WHST.1e 

+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use graphing calculators or computer algebra systems to assist with 
computations. 

 

Examples: 

• A businesswoman in Phoenix is planning a trip to visit clients in Seattle, Los 
Angeles and New York City before returning to Phoenix. The figure below 
gives the cost in dollars of traveling from one city to another. Find the order 
in which these cities should be visited so the total travel cost is at a 
minimum. 

 

            

 

Note that the businesswoman’s trip is the same as a circuit that starts at 
vertex 1 (Phoenix), visits each other vertex exactly once, and returns to 
vertex 1.  In other words, the circuit is a Hamiltonian circuit, and the 
businesswoman’s task is to find the Hamiltonian circuit of least total weight 
(given the weighted graph). 
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Contemporary Mathematics: Discrete Mathematics (CM-DM)« 
Understand and apply vertex-edge graph topics 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
   • Which directed graph below represents a tournament on four vertices, where 

all players but one are champions?  

 

 

 

 

 

 

 

 

• Build a tournament on 5 vertices where all players but one are champions. 

• Juanita claims that the graph below has an Euler path but not an Euler 
circuit.  Justify her claim. 

 
 
 
 
 
 

 

 

Graph 3 Graph 2 Graph 1 

Graph 4 
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Contemporary Mathematics: Discrete Mathematics (CM-DM)« 
Understand and apply vertex-edge graph topics 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
AZ.HS.CM-DM.2. 
Understand, analyze, and 
apply vertex-edge graphs to 
model and solve problems 
related to paths, circuits, 
networks, and relationships 
among a finite number of 
elements, in real-world and 
abstract settings. 

 

Connections:  

ETHS-S6C2-03;  

11-12.RST.9; 

11-12.WHST.1b; 
11-12.WHST.1e; 

+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

Students may use graphing calculators or computer algebra systems to assist with 
computations. 

 

Examples: 

• Find a minimal route that includes every street (e.g., for trash pick up). 

• Find the shortest network connecting specified sites. 
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Contemporary Mathematics: Discrete Mathematics (CM-DM)« 
Understand and apply vertex-edge graph topics 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
AZ.HS.CM-DM.3. Devise, 
analyze, and apply algorithms 
for solving vertex-edge graph 
problems. 

 

Connections:  

ETHS-S6C2-03; 

11-12.RST.3; 11-12.RST.4; 
11-12.RST.9; 
11-12.WHST.1a; 
11-12.WHST.1b; 
11-12.WHST.1e 

+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

In exploring minimum spanning tree situations students devise, analyze, and apply 
algorithms as they adopt strategies to confront the problem. Such strategies can lead 
to Kruskal’s algorithm, Prim’s algorithm, or the “nearest neighbor” algorithm.  

Students may use graphing calculators or computer algebra systems to assist with 
computations. 

Example: 

• Susan is a city planner in charge of the development of roads for a 
recreational area. The graph shows locations in the area, the possible roads 
that could be built between locations, and the cost in thousands of dollars to 
build each road. Find the smallest possible cost of building enough roads to 
connect the locations. 

Algorithm to Find a Minimum Spanning Tree in a Connected Graph 

Given a connected graph with weights on the edges: 
Step 1.  List the edges of the graph by increasing weights. 
Step 2.  Choose the edge with the smallest weight. 
Step 3.  Continue to choose the next edge with the smallest weight as long      

as choosing that edge does not create a circuit. 
Step 4.  Stop when the result is a spanning tree. 

The graph shown is the original graph and also shows the spanning tree (bolded 
edges) that would be produced by applying the algorithm. The smallest possible cost 
to build roads connecting all the sites would be to build a road between the theater 
and restaurant (2), between the restaurant and amusement park (3), between the 
amusement park and hotel (8), between the hotel and the sports complex (9), and 
between the sports complex and the museum (10).  There is a minimum total cost of 
$32,000 to build the roads at the recreational area.   
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Contemporary Mathematics: Discrete Mathematics (CM-DM)« 
Understand and apply vertex-edge graph topics 
Standards Label Mathematical Practices Explanations and Examples 
Students are expected to:    
AZ.HS.CM-DM.4. Extend 
work with adjacency matrices 
for graphs, such as 
interpreting row sums and 
using the nth power of the 
adjacency matrix to count 
paths of length n in a graph. 

 

Connections:  

ETHS-S6C2-03; 

11-12.RST.4; 11-12.RST.5; 
11-12.RST.9; 
11-12.WHST.1a; 
11-12.WHST.1b; 
11-12.WHST.1e 

+ 

« 

HS.MP.1. Make sense of 
problems and persevere in 
solving them. 
 
HS.MP.2. Reason abstractly 
and quantitatively. 
 
HS.MP.3. Construct viable 
arguments and critique the 
reasoning of others. 
 
HS.MP.4. Model with 
mathematics. 
 
HS.MP.5. Use appropriate 
tools strategically. 
 
HS.MP.6. Attend to precision. 
 
HS.MP.7. Look for and make 
use of structure. 
 
HS.MP.8. Look for and 
express regularity in repeated 
reasoning. 

The adjacency matrix of a simple graph is a matrix with rows and columns labeled by 
graph vertices, with a 1 or a 0 in position (vi, vj) according to whether vi and vj are 
adjacent or not. A “1” indicates that there is a connection between the two vertices, 
and a “0” indicates that there is no connection.  

 

Students may use graphing calculators or computer algebra systems to assist with 
computations. 
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Standards for Mathematical Practice 

Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

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

HS.MP.2. Reason 
abstractly and 
quantitatively. 

 High school students seek to make sense of quantities and their relationships in problem 
situations. They abstract a given situation and represent it symbolically, manipulate the 
representing symbols, and pause as needed during the manipulation process in order to probe 
into the referents for the symbols involved. Students use quantitative reasoning to create 
coherent representations of the problem at hand; consider the units involved; attend to the 
meaning of quantities, not just how to compute them; and know and flexibly use different 
properties of operations and objects. 
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Standards for Mathematical Practice 

Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

 High school students understand and use stated assumptions, definitions, and previously 
established results in constructing arguments. They make conjectures and build a logical 
progression of statements to explore the truth of their conjectures. They are able to analyze 
situations by breaking them into cases, and can recognize and use counterexamples. They 
justify their conclusions, communicate them to others, and respond to the arguments of others. 
They reason inductively about data, making plausible arguments that take into account the 
context from which the data arose. High school students are also able to compare the 
effectiveness of two plausible arguments, distinguish correct logic or reasoning from that which 
is flawed, and—if there is a flaw in an argument—explain what it is. High school students learn to 
determine domains to which an argument applies, listen or read the arguments of others, decide 
whether they make sense, and ask useful questions to clarify or improve the arguments. 

HS.MP.4. Model with 
mathematics. 

 High school students can apply the mathematics they know to solve problems arising in 
everyday life, society, and the workplace. By high school, a student might use geometry to solve 
a design problem or use a function to describe how one quantity of interest depends on another. 
High school students making assumptions and approximations to simplify a complicated ituation, 
realizing that these may need revision later. They are able to identify important quantities in a 
practical situation and map their relationships using such tools as diagrams, two-way tables, 
graphs, flowcharts and formulas. They can analyze those relationships mathematically to draw 
conclusions. They routinely interpret their mathematical results in the context of the situation and 
reflect on whether the results make sense, possibly improving the model if it has not served its 
purpose. 
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Standards for Mathematical Practice 

Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

HS.MP.5. Use appropriate 
tools strategically. 

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

HS.MP.6. Attend to 
precision. 

 High school students try to communicate precisely to others by using clear definitions in 
discussion with others and in their own reasoning. They state the meaning of the symbols they 
choose, specifying units of measure, and labeling axes to clarify the correspondence with 
quantities in a problem. They calculate accurately and efficiently, express numerical answers 
with a degree of precision appropriate for the problem context. By the time they reach high 
school they have learned to examine claims and make explicit use of definitions. 



 

Arizona Department of Education 2010 Standards 
Diocese of Tucson ACE Collaborative Curriculum Design 2012 
 151 

Standards for Mathematical Practice 

Standards  Explanations and Examples 
Students are expected to: Mathematical Practices are 

listed throughout the grade 
level document in the 2nd 
column to reflect the need to 
connect the mathematical 
practices to mathematical 
content in instruction. 

 

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

 By high school, students look closely to discern a pattern or structure. In the expression x2 + 9x 
+ 14, older students can see the 14 as 2 × 7 and the 9 as 2 + 7. They recognize the significance 
of an existing line in a geometric figure and can use the strategy of drawing an auxiliary line for 
solving problems. They also can step back for an overview and shift perspective. They can see 
complicated things, such as some algebraic expressions, as single objects or as being 
composed of several objects. For example, they can see 5 – 3(x – y)2 as 5 minus a positive 
number times a square and use that to realize that its value cannot be more than 5 for any real 
numbers x and y. High school students use these patterns to create equivalent expressions, 
factor and solve equations, and compose functions, and transform figures. 

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

 High school students notice if calculations are repeated, and look both for general methods and 
for shortcuts. Noticing the regularity in the way terms cancel when expanding (x – 1)(x + 1), (x – 
1)(x2 + x + 1), and (x – 1)(x3 + x2 + x + 1) might lead them to the general formula for the sum of 
a geometric series. As they work to solve a problem, derive formulas or make generalizations, 
high school students maintain oversight of the process, while attending to the details. They 
continually evaluate the reasonableness of their intermediate results. 

 


