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Understanding by Design Template
Mathematics - Kindergarten
Title: Counting and Comparing Numbers to 10 - Time Frame: 30 days
Developed by Reach Academy for Girls
Teachers: Dunlap - Luce - Keane
Unit Summary:
This unit represents the portion of Counting and Comparing numbers that happens in October-December of
the school year. Additional work on Counting and Comparing Numbers will happen in the late winter and
spring.

Students learn that numbers, including written forms, are used to communicate quantities. Each spoken
number corresponds to exactly one item when counting, and strategies can make the counting process more
efficient. These numbers help us to solve problems, such as determining how many in a set, counting out a
specific number of items and comparing quantities. Understanding counting strategies is integral to the work
of this unit, and also to building place value concepts in future units. While this unit focuses on values to 10, it
lays important groundwork for the standards that include counting to 100, writing numbers to 20, and counting
to 20.

Stage 1 — Desired Outcomes

Common Core State Standards

K.CC.1 Count to 100 by ones and by tens. This unit focuses first on counting to 10 by ones.

K.CC.3 Write numbers from 0 to 20. Represent a number of objects with a written numeral 0-20 (with O
representing a count of no objects). This unit focuses first on numerals to 10.

K.CC.4 Understand the relationship between numbers and quantities; connect counting to cardinality.

K.CC.4 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.

K.CC.4 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.

K.CC.4 c. Understand that each successive number name refers to a quantity that is one larger.

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. This unit focuses on counting to 10 in scattered configurations, and counting to 10
objects.

This unit also incorporates Mathematical Processes 1-8

Big Ideas:

Numbers have specific names, place values and a specific counting sequence
Counting tells us the number of objects in a group

Quantities can be represented in pictures, words and numerals

Numbers can be compared to one another

Understandings:

Our number system is made up of ones, tens and hundreds

Each object counted corresponds to only one number in the counting sequence and vice versa
Counting strategies help determine how many objects are in a group

Spoken and written numbers tell us how many objects there are in a group

Numbers can be compared to other numbers

E-5




Essential Questions:
e Why is it important to know the correct way to count objects?
o What strategies can we use to help us count objects in a group?
¢ How do pictures, words and numerals help us communicate mathematically about groups of objects?
e What strategies can we use to compare two numbers?

Students will Know:
e The counting sequence and how to name numbers
e How to write numerals from 0 to 20

e Correct counting sequence with 1:1 correspondence to tell the number of object in s group, up to 20
objects

The relationship between spoken names and written numerals
Strategies to compare two groups of objects

e Strategies to compare two numbers between 1 and 10 as written numerals
e Strategies for determining how far a number is from 10

Stage 2 — Assessment Evidence
Performance Task: How Many are in The Bag? *

Students count objects in three different bags.

Responses are recorded as pictures and numerals

Students determine a number that is greater than the number of objects in the bag, and one number that is less
than the number of objects in the bag, and to explain their reasoning.

Number lines and number boxes should be available for students if necessary.

Preparation:

Label three bags A, B, and C. Fill each with a different quantity of small objects (counting bears, buttons, cubes),
0-10, for each student. In order to avoid confusion, make sure each bag has different items inside.

Task Directions:
Instruct students to look in each bag, count the number of objects and record it on their recording sheet:

A Number that is | A number that

Bag Quantity Number Word Picture GREATER than is LESS than
this quantity this quantity

! Adapted from Georgia Department of Education:
http://www.gcssk12.net/fullpanel/uploads/files/kindergarten-math-unit-one-00001-00001.pdf
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For Bag C, explain how you know your number is GREATER than the quantity in the bag:
For Bag C, explain how you know your humber is LESS than the quantity in the bag:

Formative Assessment Questions:
e What are some of the different ways you can represent numbers?
e What strategy are you using to count your objects?
e How do you know your answers are correct?
e If you had 1 more in your bag, how many would you have? If you had 1 less?

Differentiation:
Intervention:
e Allow students to use ten frames, number boxes or number lines to assist in counting the
objects.
e Allow students to use a spelling list for the number words (this may be posted in the classroom
as well)
e Limit quantities in the bags to 5 objects for students who need additional time and practice to
build to 10; reassess later.
Extension:
o Ask students to determine how far the quantity in each bag is from 10.
e Provide students with bags that have 11-19 items and have them complete the same activity.

Scoring Rubric:
4 - Exceeds
Student has:
e All responses correct on the recording sheet
e Strong reasoning for selecting the greater than and less than numbers
o Clear written explanation that does not require additional inferencing on the part of the scorer
3 — Meets
Student has:
e 1-3 errors on the recording sheet (these should not be in the same row or column)
e Strong reasoning for selecting the greater than and less than numbers
¢ Written explanation that is appropriate, but may require some inferencing on the part of the
scorer
2 — Nearing
Student has:
e 4-6 errors on the recording sheet
e |naccurate reasoning for selecting greater than and less than numbers
o Written explanation requires additional probing for clarity
1-Below
Student has:
e More than 6 errors on the recording sheet
¢ Inaccurate or missing reasoning for selecting greater than and less than numbers
o Written explanation is incoherent or not present

Other Evidence:
= Observations of Learning Center activities
= Classroom discussions
= Small group work observations
= Class work
= Homework
» Popsicle stick game
= Unit 3 review, page 84-85
= Activity book pages 16-25
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Lesson 3.14:; what strategies do students use to count?
Singapore assessments

Notes on activities/discussions

Number relationship rubric

Ordinal numbers rubric

Student self-assessment and reflection in Math Journals

Stage 3 — Learning Plan

Lesson 1: Countingto 5
e Students will complete Unit 2 in the textbook. This lesson develops understanding of counting quantities
up to 5, and begins to lay the foundation for the concept that arrangement of objects does not affect the
quantity of objects. Knowing this, students also begin to learn what “shapes” different numbers of objects
can take.
o 2.1:Countingto 3
2.2: Counting to 4
2.3: Counting to 5
2.4: Making arrangements of objects
Assessment: Given at least 5 objects, have students count out 4, 2, 1, 3, and 5 objects
2.5: Representing counting data on a picture graph
2.6: Representing counting data on a picture graph
= Optional Support: Students can complete activity book p. 8, where students count bags
of wool, then cut an paste the corresponding quantity of bags for each person onto the
chart.
2.7: ldentifying small numbers without counting
2.8: Representing 1 in writing and pictures
2.9: Representing 2 in writing and pictures
2.10: Representing 3 in writing and pictures
2.11: Representing 4 in writing and pictures
= Optional Support: Students can complete activity book p. 9-10, where students count
the number of objects in each group and write the numerals 1-5.
o 2.12: Representing 5 in writing and pictures
= Optional Support: Students can complete activity book p. 11-12, where students count
objects in a picture and write the numerals 1-5.
o 2.13: Counting and representing up to 5
= Optional Support: Students can complete activity book p. 13, where students are asked
to cut out corresponding numbers and paste them on a chart. Then they practice writing
numerals 1-5.
o 2.14: Counting data from a picture graph

O O O O O O

O O O O O

Lesson 2: Counting to 10
e Students will complete textbook lessons 3.1 through 3.9, which each focus on counting one more to ten.
o This lesson solidifies the fact that arrangement does not affect quantity when objects are
counted. Each lesson includes pictures of objects to count in which objects are organized in
different ways. For example, on a 3 x 3 number grid, Lesson 3.2 demonstrates for students that
there are multiple ways to show the quantity 6 by coloring six different boxes within the grid.
o Each lesson also continues to reinforce previously learned counting sequences and practice
written numerals.
= 3.1: Counting to 8
= 3.2: Representing 6 in writing and pictures
= 3.3: Representing 7 in writing and pictures
» 3.4: Representing 8 in writing and pictures
e Optional Support:
o Students complete activity book p. 16, where students must cut out the
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corresponding quantity of carrots and paste them next to the given
numerals, 4-8.

3.5: Counting to interpret data from a picture graph

3.6: Counting to 8 and representing numbers to 8

3.7: Counting to 10

3.8: Representing 9 in writing and pictures

3.9: Representing 10 in writing and pictures

e Optional Supports:

o Students complete activity book p. 17, where students match
corresponding quantities of different objects. (Students match the
picture of five rabbits to the picture of five stones.)

o Students complete activity book p. 18, where students match the
numerals 5-10 with corresponding pictures of the objects, with objects
neatly lined up.

o Students complete activity book p. 19, where students match the
numerals 5-10 with corresponding pictures of the objects, with the
objects in disarray.

o Students complete activity book p. 20-21, where students count the
number of objects in a picture 0-10 and write the numeral.

Assessment: Play popsicle stick game with small groups:
o With 4-5 players, give each 10 popsicle sticks
o Explain to students that you are going to flash a numeral card and you want them to pick up the
corresponding number of ice cream sticks.
o When students are demonstrating proficiency, change roles. You lay out the ice cream sticks
and they need to select the appropriate numeral cards.

Lesson 3. Using the number box/number line to count to 10

Using cardstock numbers 0-10, have students come to the front of the room and line up, putting the
numbers in order

On their desks, have students label a number box with the numerals 0-10

Complete Lesson 3.10, where students work on matching objects in pictures to boxes on the number
box as a strategy for counting accurately. In this lesson, students are still expected to draw lines to show
the correspondence of each object to its space in the number box. Students should still count orally once
they have matched objects to the number boxes, to reinforce the counting sequence.

During the course of the lesson, students should be asked which numbers are greater than the selected
quantity, and which are less than. Encourage discussion around this concept.

Once students have mastered the use of the number box, shift the picture of the number box into a
number line for Lesson 3.11. Students will still match each item to a number on the number line, and
should still count orally once they have matched the objects to the number line to reinforce the counting
sequence.

Lesson 4: The importance of zero

Lessons 3.12 and 3.13 expose students to the concept of zero representing an empty set.
o Optional Support: Students complete Activity Book p. 22-23, in which students count the
numbers of carrots, including numbers 0-5.
Practice the song: Five Currant Buns
o 5 currant buns in a baker’s shop, (hold up five fingers)
Round and fat with sugar on the top.
Along came a boy with a penny one day,
Bought a currant bun and took it away.

4 currant buns in a bakers shop... (hold up four fingers)

1 currant bun in a baker’s shop, (hold up one finger)
Round and fat with sugar on the top.
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Along came a boy with a penny one day,
Bought a currant bun and then, there were none! (hold up fist)

e Bowling: give each group of 4-5 students 10 water bottles and a small ball. Have students count the
bottles as they stand them up, starting with zero. Then, as students bowl, they should tell how many
bottles were knocked down and how many remain standing. Reinforce the concepts of “greater than”
and “less than” during the game: with each turn taken, the number of bottles standing should be less
than the previous number.

Lesson 5: Putting it all together: counting pictures and objects

e Using the materials from Lesson 3.14, students should count the objects in each picture and write the
corresponding numeral. Students will have access to number boxes and manipulatives; this is a great
opportunity to assess students’ comfort level with counting.

e Optional Support: Students complete activity book p. 24-25, which provides students another opportunity
to count objects in a picture and write the corresponding numerals, 2, 3, 7, and 10.

e Assessment: Give students the review activity on pages 84-85. Students are first asked to count the
number of each fruit from a picture, with responses of 0, 8, 9, 10 objects. Then, students are asked to
count shapes on cards, with responses of 4, 6, 8, 7, 9, 10. Have students work together to find a number
that is greater than each and less than each of these responses given. Note which methods students are
using to count the objects.

Resources and Teaching Tools:
e Singapore Math Text Books and Teacher Guides
e Singapore Math Activity Guide

Differentiation:

Students are given the opportunity to work on the lessons at a rate appropriate to their level, and with whatever
manipulatives they choose. Manipulatives are available to students throughout the unit. Additional counting
strategies will be introduced on an as-needed basis.

Students can be placed into small groups based on their preferred counting strategies, to build proficiency. A
jigsaw activity can be done where students are assigned to mixed strategy groups and all solve the same
problem using different methods.

Optional support activities from the coordinating activity book are included with the lessons to help students who
need additional support and, in some cases, provide extensions for students.

The teachers’ edition provides additional support and activities for students who need more exposure and
practice. Manipulatives should be available to all students throughout the unit. Among these activities are:
e Use play dough and counters, such as buttons. Have student make the correct numeral with the play
cough, then decorate it with the corresponding number of counters.
e Working in partners, have one student select a quantity of objects to put in a cup. The partner must
count the objects from the cup.

Design Principles for Unit Development:
e Universal Design for Learning: students have the opportunity to interact with the content and
demonstrate understanding in various formats. Each lesson includes visual and hands-on methods for
instruction and assessment.

Technology Integration:
e While technology is not specifically addressed within the lesson, the PBS kids website provides
numerous games that can be used to reinforce counting concepts during the morning seatwork time or
at home: http://pbskids.org/games/counting.html
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Content Connections:
e These counting skills can be applied to all content areas by asking students to count: objects, items in
pictures, steps down the hallway, etc.
e Science:
o Counting leaves when sorting them by various characteristics
o Making and interpreting graphs
e Social Studies:
o Counting out linking cubes to demonstrate various elevations
e Literature counting connections:
The Very Hungry Caterpillar, by Eric Carle
The Tortoise and the Hare
Ten Little Ladybugs, by Melanie Gerth
How Many Snails, by Paul Giganti, Jr.
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Understanding by Design Template
Mathematics — First Grade
Title: Addition, Subtraction, and Data - Time Frame: 25 days
Developed by Reach Academy for Girls
Teachers: Mongillo - Wahl — Giamonti

Summary:

This 30-day unit is part of the Number Sense/Number Bonds and Number Stories unit. The Number
Sense/Number Bonds and Number Stories unit is completed later in the year.

In this unit, students will develop skills for adding and subtracting with two-digit numbers. Students
continue to build an understanding of place value, and apply this understanding to both addition and
subtraction problems. Using number stories, students build the connections between the parts and
the whole. Students also spend considerable time working with the concepts of commutativity in
addition and the inverse relationship between addition and subtraction. Finally, students

Stage 1 - Desired Outcomes

CC.1.0A.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.

CC.1.0A.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.

CC.1.0A.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 aten,so 2 +6 +4 =2 + 10 = 12. (Associative property of addition.)

CC.1.0A.4 Understand subtraction as an unknown-addend problem. For example, subtract 10 — 8 by finding the
number that make 10 when added to 8.

CC.1.0A.5 Relate counting to addition and subtraction (e.g., by counting on 2 to add 2).

CC.1.0A.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).

CC.1.0A.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
equations8+?=11,5=_ -3,6+6=__

CC.1.NBT.2.a Understand that the two digits of a two-digit number represent amounts of tens and ones.

CC.1.NBT.2.b The numbers from 11 to 19 are composed of ten and one, two, three, four, five, six, seven, eight,
or nine ones.

CC.1.NBT.2.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).

CC.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.

CC.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.

This unit also incorporates Mathematical Processes 1-8
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Big Ideas:

Understanding place value helps make addition and subtraction with larger quantities efficient.
Addition and subtraction are inverse operations.

Addition and subtraction follow different rules.

Because each problem we encounter is different, it is useful to have several strategies for adding and
subtracting efficiently.

Understandings:

Place value is critical to addition and subtraction.

Addition and subtraction are related to each other.

Numbers can be composed and decomposed.

The relationship between addition and subtraction can help solve problems.

Multiple strategies can be used to represent and solve addition and subtraction problems.

Some strategies may be more efficient than other strategies.

In an equation, the equal sign means that the parts on each side of the symbol have the same value.

Essential Questions:

How do numbers represent and define value?

What are the relationships between numbers?

How do addition and subtraction relate to each other?

How do | know which operation to use to solve a problem?

How do | determine which computational strategy to use?

What strategies can | use to add or subtract numbers?

What are number bonds and how are they useful for solving problems?
What strategies can be used to solve problems?

Students will Know:

addition and subtraction are used in everyday situations.

in addition, the order of the quantities does not matter.

in subtraction, the order of the quantities matters.

addition and subtraction are inverse operations

skip counting is adding the same number over and over again.

decomposing numbers maintains the same quantity, just in different group sizes

several strategies for solving addition and subtraction problems.

when adding a two digit number, you must add the ones places together and the tens places together.

Stage 2 - Assessment Evidence

1
Performance Task: Max’s Numbers

Students will be given the following assessment:

Max has three number cards:

3 1 7

What is the largest two-digit number he can create?

! Adapted from New York City Department of Education:
http://schools.nyc.gov/NR/rdonlyres/B8F6F552-ED31-498A-A1B6-
4AAB86018FE5D/0/NYCDOEG1MathNinasNumbers_Final.pdf
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How do you know?
Use pictures, numbers and words to explain your thinking.

Using these same cards, what is the smallest two-digit number he can create?

How do you know?
Use pictures, numbers and words to explain your thinking.

Add your largest and smallest numbers together:

Explain your thinking:

Differentiation:
Intervention:
e Students can be given a set of Max’s cards so they can manipulate the numbers when looking for the
greatest and least possible values.

e Students should have access to multiple manipulatives, including number lines and hundreds charts.

o Number values can be modified to preclude regrouping for this assessment.

e Students can be offered the opportunity to respond in other, non-written formats.

Extension:

e Students can be given number values that add to more than 100, requiring regrouping in both tens and
hundreds place value positions.

e Students can be asked, “What number can you make that is closestto  ?
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Scoring Rubric:

Students receive the following points:

Response: Points:
Greatest number = 73 1
Explanation for greatest number: 2

1. Student provides and accurate explanation for reasoning, (1 each)

specifically mentioning place value concepts.
2. Written response is clear and does not require additional
probing from the teacher.

Smallest number = 13 1
Explanation for smallest number: 2
1. Student provides and accurate explanation for reasoning, (1 each)

specifically mentioning place value concepts.
2. Written response is clear and does not require additional
probing from the teacher.
Sum: 73+13 =86 * 1
If either of the first two values is incorrect, student should still
receive credit if a correct addition sentence is included based on the
initial error made.
Explanation for sum: 2
1. Student provides and accurate explanation for reasoning,
specifically mentioning place value concepts.
2. Written response is clear and does not require additional
probing from the teacher.
Total Possible Points: 9

4 — Exceeds — 9 points earned

3 — Meets — 7 or 8 points earned

2 —Nearing — 4, 5 or 6 points earned
1 - Below - 1-3 points earned

Other Evidence:
= Observations of Learning Center activities
= Observations during small group work
»= Notes on activities/discussions
=  Math Journal
= Class work
= Group work
= Homework assignments
» Singapore assessments
= Pre- and posttests

Stage 3 Learning Plan: Framework for the unit:

Lesson 1: Counting to 100

e |n 18.1a, students work on using bundles to represent groups of tens, and practice counting groups of
ten up to 100. Students work with bundles, dot cards, base 10 blocks and hundreds charts to make
connections. At this stage, students are working only with whole tens, no ones.

e In 18.1b, students are given groups of items that total less than 100 (using some ones) and are
expected to count them. During this lesson, students also discuss methods for counting the items —
either grouping by tens or counting individually by ones. The goal is to have students work to make
groups of ten to count the objects. Students are asked to share their quantities, stating the tens and
ones separately, then giving the total quantity. This reinforces place value concepts.

e |n 18.1c, students work on combining dot cards with groups of tens and a group of ones to create a two-
digit number. For example, 60 and 4 = 64 = sixty-four
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Lesson 2: One More, One Less, Ten More, Ten Less
e In 18.3a, students work with manipulatives again to build understanding of what happens when we add
one or ten, or take away one or ten. Students discuss strategies for answering these problems, and use
equations to represent their work.

Lesson 3: Comparing and Ordering Numbers

e In 18.3b, students develop strategies to use place value to compare two two-digit numbers. Students
spend time building proficiency with the concepts of “greater” and “smaller”

¢ In 18.3c, students continue working with comparing numbers, and are asked to put four numbers in
order based on their value.

e Play game: Count on and Count Back. Students work on a hundreds grid. They roll number cubes to
represent addition and subtraction of tens and ones, and must move according to the values rolled.
During the game, students are expected to state the movements in terms of tens and ones.

Lesson 4: Addition

e In 18.5a, students begin by working with two-digit plus one-digit addition without regrouping. Students
use base ten blocks and number bonds to help reinforce the importance of place value when adding
numbers.

e In 18.5b, students continue two-digit plus one digit addition problems, but move into regrouping by using
the strategy of “making ten.”

e |n 18.5c, students shift their place value focus, and add two-digit numbers with a multiple of 10.

e |n 18.5c, students are given the task of adding any two two-digit numbers, using manipulatives as
needed.

e In 18.5e and 18.5f, students are introduced to the use of algorithms to add without regrouping.

Lesson 5: Subtraction

e In 18.6a, students begin by subtracting a one-digit number from a two-digit number without regrouping.
During this lesson, students interact with base ten blocks, number bonds and the “counting back”
strategy.

e |n 18.6b, students use the benchmark ten to work to build concepts for subtracting a one-digit number
from a two-digit number with regrouping. Students continue the use of multiple representations to
reinforce place value concepts.

e |n 18.6c, students subtract groups of ten from two-digit numbers

Differentiation:

Students are given the opportunity to work on the lessons at a pace appropriate to their level, and with whatever
manipulatives they choose. Manipulatives are available to students throughout the unit. Additional strategies for
addition and subtraction may be introduced on an as-needed basis.

Small group instruction will focus on playing games to reinforce skills, and extension games will also be available
to students who demonstrate proficiency.

The teachers’ edition provides many “practice” and “extra practice” opportunities for students.

Students should be given the opportunity to demonstrate understanding in a variety of ways during the
instructional unit: spoken responses, computer-based, SMART board, iPad, etc.

Resources and Teaching Tools:
e Singapore Math text books and teachers’ guide
e Singapore Math workbook

Design Principles for Unit Development:

e Universal Design for Learning: students are given various formats to interact with content. Students
spend time with visuals, manipulatives, speaking and writing in each lesson. These are all used as
formative assessment techniques.

e 21 Century Learning: Higher-order thinking skills are incorporated into each lesson within the unit, and
students are given frequent opportunities to explain their own and consider others’ work. Students are
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expected to apply their knowledge in a novel situation in the Performance Task.
Technology Integration:
e Interactive base ten blocks: http://www.fuelthebrain.com/Interactives/app.php?ID=201
e Various place value, addition, and subtraction games, including number bonds:
http://resources.woodlands-junior.kent.sch.uk/maths/interactive/

Content Connections:
e These skills can be applied to all other content areas when there are quantities that can be compared
and combined:
e Specific literature connections:
o The King’s Commissioners by Marilyn Burns
o Twelve Ways to get to Eleven by Eve Merriam
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Understanding by Design Template
Mathematics Grade 2
Title: Place Value - Time Frame: 4 to 6 weeks
Developed by Reach Academy for Girls

Unit Summary:

In first grade, students worked solidifying addition and subtraction concepts to 20, while counting to 100. In this unit, students
will use knowledge about the number system to develop an understanding of larger numbers, up to 1000. In working toward
1000, students are able to use patterns they already know about working with ones and tens to build knowledge about working
with hundreds and thousands.

Stage 1 - Desired Outcomes

e 2.0A.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.

e 2.0A.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.

e 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.

e 2.NBT.2. Count within 1000; skip-count by 5s, 10s, and 100s.

e 2.NBT.3. Read and write numbers to 1000 using base-ten numerals, number names, and expanded form.

e 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.

e 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.

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

e 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 are necessary to compose or decompose tens or hundreds.

e 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.

e 2.NBT.9. Explain why addition and subtraction strategies work, using place value and the properties of operations.

This unit also includes Mathematical Practice standards 1-8.

Big ldeas:
e Regardless of value, all whole numbers follow predictable patterns in addition and subtraction
e With each move left in a number, the value of the digit increases 10 times.
e Counting strategies can be expanded to add and subtract large numbers.

Understandings:
e  There are many ways to represent addition and subtraction problems up to 100.
In three digit numbers, the digits represent hundreds, tens and ones.
There are many strategies that help us count efficiently.
Understanding place value helps us add and subtract numbers efficiently.
Addition and subtraction of larger numbers follows the same pattern as addition and subtraction of smaller numbers.
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Essential Questions
o How does place value help with addition and subtraction problems?
How can you use place value to model and write numbers to 100?
What strategies help us when comparing numbers?
Why is it useful to know whether a number is odd or even?
How can models and mental math help with addition of two-digit numbers?
Why is ‘making ten’ such a useful strategy for addition
What strategies model and record adding one and two-digit numbers to two-digit numbers with and without regrouping
What strategies help us add three or four two-digit numbers with and without regrouping?
What strategy do you use to select a method for adding numbers?

Learning Targets

e | can write an equation to express an even number as a sum of two equal addends.
I can use addition to find the total number of objects arranged in rectangular arrays with up to 5 rows and up to 5
columns.
I can write an equation to express the total as a sum of equal addends.

o | can demonstrate that the three digits of a three-digit number represent amounts of hundreds, tens, and ones.

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

e | can demonstrate how 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).

e | can count within 1000.

e | can skip-count by 5s, 10s, and 100s.

e | canread and write numbers to 1000.

e | can show numbers to 1000 using base-ten numerals.

e | canread and write number names to 1000.

e | can show numbers to 1000 in expanded form.

e | can compare two three-digit numbers using >, =, and < symbols.

o | can fluently add and subtract within 100 using varying strategies.

e | canadd up to four two-digit numbers using varying strategies.

e | canadd and subtract within 1000, using concrete models or drawings and strategies.

e | can relate concrete and mental strategies used to add and subtract within 1000 to a written method.

e | can demonstrate 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.

e | can mentally add and subtract 10 or 100 to a given number 100-900.

e | can explain why addition and subtraction strategies work, using drawings or objects.

Stage 2 - Assessment Evidence

Performance Task:

MATERIALS
e One die per pair of students
e Recording sheet

GROUPING
Partners

DIRECTIONS
Students will order digits to create the highest or lowest possible number. Students will use previous experiences with place value
to predict the place a number should be written on the recording sheet in order to create the highest or lowest number.
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Students should be given a recording sheet that is divided into columns and rows. The number of columns will determine how
large the number should be. In this lesson, there should be four columns to represent thousands, hundreds, tens, and ones. The
number of rows will determine how many rounds the students should play.

The goal is to create the highest or lowest number for each row. The student partners will decide before playing whether they are
looking for the highest or lowest number per round. The first student rolls the die, decides where the digit should be written on
their recording sheet and describes it to their partner. “I rolled a 4, I’'m going to put it in the tens place to make 40.”

The second student does the same. The game continues in this way until both students have made a complete number. The
person with the highest (or lowest) number will draw a star next to their number.

Example:

Thousands Hundreds Tens | Ones Expanded Notation Total
2 4 6 2 2000 + 400 + 60 + 2 2,462

Questions for Teacher Reflection
e As students create the numbers do they always choose the smallest number for the ones place? Are they able to explain
why they are doing this?
e Can the students explain why they are putting any number in a particular place?
e Can the students explain why they would not put a number in a particular place?
e Can the students describe/express the number they have made in words?

Place Value Breakdown
Thousands Hundreds Tens Ones Expanded Notation Total
1,000 100 10 1 +__ +_ 4+
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1. What is the largest number you made? How do you know ?

2. What is the smallest number you made? How do you know ?

3. Using your smallest number, what number adds to it to equal 1000?

Write an equation for your work:

4. What does “place value” mean to you?

Rubric:
Scoring Rubric:

Students receive the following points:

Response: Points:
Greatest number is correctly identified 1
Explanation for greatest number: 2
1. Student provides and accurate explanation for reasoning, (1 each)
specifically mentioning place value concepts.
2. Written response is clear and does not require additional probing
from the teacher.
Smallest number is correctly identified 1
Explanation for smallest number: 2
1. Student provides and accurate explanation for reasoning, (1 each)
specifically mentioning place value concepts.
2. Written response is clear and does not require additional probing
from the teacher.
Addition to 1000: 2
1. Student provides a correct response based upon their smallest
number.
2. Student shows a correct equation for their problem (student can
use addition or subtraction to solve the problem)
Explanation for place value: 2
1. Student provides and accurate explanation for reasoning,
specifically mentioning place value concepts.
2. Written response is clear and does not require additional probing
from the teacher.
Total Possible Points: 10
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4 — Exceeds — 9-10 points earned
3 — Meets - 7- 8 points earned

2 — Nearing — 4-6 points earned
1 — Below — 1-3 points earned

Other Evidence:
Formative Assessments:
Math journals
Group work checklist
Class discussions
Class work
Homework
Base Ten Pictures
Place Value Show Down

Summative Assessments:
Math Rubric
Number Bond Assessment
Solving for Unknown Rubric
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Lesson Plan: Framework for the unit

Lesson 1: Counting On, Counting Backwards

e In 1.1c, students will use the “counting on or “counting backwards” strategies to engage with addition and subtraction
of numbers up to 100.

e In1.2a, students use base 10 blocks to review place values up to 999. This lesson provides a foundation for students as
they move into expanding place values later in the unit.

e In1.3a, students work with place value discs to compare and order numbers up to 1000. Students learn the importance
of place value when comparing two numbers. They also write inequality statements for these comparisons.

e In 1.3b, students continue to work with counting on and counting backwards, looking at patterns in the answers as they
do so. This again brings focus to place value concepts.

Lesson 2: Adding and Subtracting within 1000,without Regrouping
In 2.2a, students work with adding a two-digit number

In 2.2b, students add a three-digit number

In 2.3a, students subtract two-digit numbers

In 2.3b, students subtract three-digit numbers to solve problems
In 2.3c, students practice these skills

Lesson 3: Adding with Regrouping
o In 2.4a, students mentally add ones or tens to a three digit number
In 2.4b, Student add with renaming in the ones place
In 2.4c, students add with renaming in the tens place
In 2.4d, students add with renaming in both the tens and the ones places
In 2.4e, students add three numbers within 1000
In 2.4f, students practice these skills

Lesson 4: Subtracting with Regrouping
¢ In 2.53, students mentally subtract ones or tens from a three digit number
In 2.5b, students subtract with renaming in the tens place
In 2.5c¢, students subtract wih regrouping in the hundreds place
In 2.5d, students subtract with regrouping in both the tens and hundreds places
In 2.5f and 2.5g, students practice all the addition and subtraction skills in the unit.

Games to Reinforce Learning:

Where am | on the Number Line?

In this game students will be reviewing counting up and counting back to get an answer. As the students play the game they will
also see where a number lives on a number line and their relative position to each other (who its neighbor’s are.) Being able to
locate a number on the number line (the relative position of numerals) is essential to developing solid number sense. It will also
help the student understand its value in relation to other numbers.

Part I

Introduce the game with the whole class before assigning partners to play. Using adding machine tape, create a 0 -50 number
line. Use this number line to introduce “Where Am I on the Number Line?” Each time the spinner is spun, a student will move a
paper clip or clothespin the appropriate number of spaces either up or down the number line. Have students state whether their
new position is “greater than” or “less than” their previous position. Have students give a number sentence that matches with their
move. Example: The player’s clothespin is on 23 and he spins a -6. He will move the clothespin back and tell the class, “23 — 6
=17.” Students will begin on “5” and move forward or back accordingly. If they spin a number that is more than they can
subtract they lose that turn. When this happens make sure to discuss the fact that there ARE numbers on the other side of
zero, negative numbers, but for now we are only working with/talking about the positive numbers.

Student Directions
e Each player puts a paper clip or clothespin on 5.
e Place a transparent spinner on the game spinner. (Use A and then B)
e Player A spins the spinner, adds or subtracts that number to 5 and places the paper clip on that answer.
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e Player B spins the spinner and moves as above.

e Player A spins the spinner, adds or subtracts the number to where his/her paper clip is, then moves the paper clip to the
new answer.

e  Player B does the same.

e The game continues until one of the players reaches or passes 50 on the number line.

e  The first player to reach or pass 50 wins the game.

Where Am | On the Number Line?
Students will cut these apart and glue together to make a 0 -50 number line.

0 /1 /234567809
10 /1112|113 |14 |15 /16 /17|18 |19
2021 12223242526 |27 |28 29
303132333435 36 37|38 |39
40 141 |42 |43 |44 45|46 |47 148 149 | 50

Variation: As the year progresses, change the number lines to show counts by 5’s, 10’s or 100’s. Using dice, each roll of the
dice has to be changed into the corresponding multiple of that number. Example: If a student rolls a 3 on a 10’s number line that
roll will represent 30.

Questions for Teacher Reflection
e  Are students able to articulate the number sentence each time?
o Do students understand which direction to move the clothespin marker when they roll a number that calls for
subtraction?

e Can students tell where a number lives on the number line and who its neighbors are?

What’s My Number?
Students will use multiple representations of numbers to connect symbols to quantities.
a. Represent numbers using a variety of models, diagrams, and number sentences).
b. Understand the relative magnitudes of numbers using 10 as a unit, 100 as a unit, or 1000 as a unit.

MATERIALS

e Math Journals to record/explain concepts (optional)
e Base 10 manipulatives, as needed
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GROUPING
Small Group

TASK DESCRIPTION, DEVELOPMENT AND DISCUSSION

Part |

The students will choose any two-digit number. After thinking of a way to describe their number, students will give hints to
another classmate so they can try to figure out the number.

This activity helps students build flexibility using language and equivalent representations of numbers. Base ten
manipulatives should be available if students desire to use them to visualize the numbers. Students could also draw pictures
to help them make up their clues to find the mystery number. Children may begin with very simple, straightforward clues
about their number. But eventually they will start to try to make up more difficult clues by combining the amount of ones,
tens, or hundreds.

Part 11
Create own game set with clues. Each child could create 5 or more cards and then place these cards in a center or for
calendar review.

Examples of clues:
e | have a4 in my tens place and a 2 in my ones place. Who am 1?
e | have 1 more ten than the number 14 and 3 ones. Who am 1?
e |am35. | have 25 ones. How many tens do I have?
e CHALLENGE — I am 1 ten 5 hundreds, and 29 ones. Who am I?

Questions for Teacher Reflection
e  Are students able to think of a number without writing it down?
e Can they describe their number in terms of place value and then communicate that information to a classmate or the
teacher?
e Can they describe the number in more than one way?

Differentiation:

Students are given the opportunity to work on the lessons at a pace appropriate to their level, and with whatever manipulatives
they choose. Manipulatives are available to students throughout the unit. Additional strategies for addition and subtraction may be
introduced on an as-needed basis.

Small group instruction will focus on playing games to reinforce skills, and extension games will also be available to students
who demonstrate proficiency.

The teachers’ edition provides many “practice” and “extra practice” opportunities for students.

Students should be given the opportunity to demonstrate understanding in a variety of ways during the instructional unit: spoken
responses, computer-based, SMART board, iPad, etc.

Resources and Teaching Tools:
e Singapore Math text books and teachers’ guide
e Singapore Math workbook

Design Principles for Unit Development:
e Universal Design for Learning: students are given various formats to interact with content. Students spend time with
visuals, manipulatives, speaking and writing in each lesson. These are all used as formative assessment techniques.
e 21 Century Learning: Higher-order thinking skills are incorporated into each lesson within the unit, and students are
given frequent opportunities to explain their own and consider others’ work. Students are expected to apply their
knowledge in a novel situation in the Performance Task.
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Technology Integration:
e Interactive base ten blocks: http://www.fuelthebrain.com/Interactives/app.php?1D=201
e Various place value, addition, and subtraction games, including number bonds: http://resources.woodlands-
junior.kent.sch.uk/maths/interactive/

Content Connections:
e These skills can be applied to all other content areas when there are large quantities that can be compared and combined.
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Delaware Model Unit Gallery Template

This unit has been created as an exemplary model for teachers in (re)design of course curricula. An
exemplary model unit has undergone a rigorous peer review and jurying process to ensure alignment to
selected Delaware Content Standards.

Unit Title: Fractions
Designed by:  Emilie Saintus
District: Developed by Thomas Edison Charter School, used with permission by the Reach

Academy for girls
Content Area: Mathematics
Grade Level(s): Grade Three

Summary of Unit

This unit on fractions is part of a larger unit which teachers fractions and probability. This unit will review
the uses of fractions and fractional notation and help students develop a solid understanding of equivalent
fractions —a key element in comparing fractions and, later in calculating with fractions. Students will also
learn strategies to place fractions on a number line. The unit involves whole group, small group, partner,
hands on activities and individual learning. It is the eighth unit of the school year, and at this point in the
year students should have a basic understanding of fractions.

Stage 1 — Desired Results

What students will know, do, and understand

Delaware Content Standards

CC3NF1: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.

CC3NF2:Understand a fraction as a number on the number line; represent fractions on a number line
diagram.

CC3NF2a: 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.

CC3NF2b: 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 sizeba/b and that its endpoint locates the number a/b on the
number line.

CC3NF3: Explain equivalence of fractions in special cases, and compare fractions by reasoning about their
size.

CC3NF3a: Understand two fractions as equivalent (equal) if they are the same size, or the same point on a
number line.

CC3NF3b: 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.
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CC3NF3c: 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.

CC3NF3d: 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

Big Idea(s)
This unit has six areas of focus:

e To explore fractional and spatial relationships

e To introduce the number line for fractions

e To Find equivalent fractions

e To compare factions using region models

e To name quantities greater than 1with fractions and mixed numbers
e  To solve number stories involving fractions

Unit Enduring Understanding(s)

e  Fractions can be represented by models and drawings

e  Fractions can represent events or data

e  Fractions represent numbers on the number line

e Fractions can be used in everyday life

o Equivalent fractions are fractions with the same value, but different denominators.

Unit Essential Questions(s)

What is a fraction?

How can | use fractions in real life?

How are whole numbers and fractions related?

How can | tell a fraction name indicates the number of equal parts in the whole?
How does changing the size of the whole affect the value of a fraction?

How can modeling show how fractional parts can be combined or separated?
How does using a number line help me understand the value of fractions?

Knowledge and Skills

Students will know...

e The uses of fractions and of fraction notation
e How to identify equivalent fractions

Students will be able to...

e  Students will be able to isolate and plot fractions on number lines

e Students will construct and deconstruct models and shapes to represent whole figures, shapes, and
fractions

¢ Students will explain why fractions are equivalent and recognize simple equivalent fractions

e  Students will express whole numbers as fractions
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e  Students will compare two fractions

Stage 2 — Assessment Evidence

Evidence that will be collected to determine whether or not Desired Results are achieved

Suggested Performance/Transfer Task(s)

Now that you have learned about fractions you are going to be in charge of teaching the rest of the class
about a certain fraction by setting up an exhibit in the fraction museum. Your teacher will give you one
fraction and you will be responsible for showing it in 3 different ways.

The first way will be finding items in the room to show the fraction, the same way you did with your group.
For example, if your fraction was 2/3 you could find 3 pencils in the classroom and then separate 2 of them,
showing 2 out of 3.

The second way will be taking an index card, which is a rectangle, and coloring it or cutting it up to show
your fraction.

Finally, you will be taking a number line of 0 through 1, and plotting your fraction on it. The number line
will have %2 shown to help you figure out where your fraction will go.

When you have finished all 3 tasks set up your desk like an exhibit in the fraction museum, showing your
fraction in all 3 ways for your classmates to view.

When everyone is ready your class will be able to walk around and visit the fraction museum.

o Before starting, set parameters as to which items in the classroom can be used for them to show
their fraction as part of a set.

e Give each student a fraction to ‘be in charge’ of.

e Students will have done these activities as a group already, but be available to assist students with
each of the 3 tasks

e Help the students to set up their fraction museum exhibit on their desks, and allow students to
walk around and see everyone’s fractions
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Rubric(s)

Rubric for small group work (evaluate each group)

1

2

3

Definitions and
explanations of
terms

The group shows
little knowledge of
fraction terms and
explanations

The group shows
some
understanding of
fraction terms and
explanations

The group shows
thorough
understanding of
fraction terms and
explanations

Ability to make
fraction from
items in the room

The group was
unable to take
classroom items to
form a set and
show a fraction

The group
understood how to
take classroom
items to form a set
and show a
fraction, however
they were unable
to correctly a
showl/identify the
fraction

The group was
able to take
classroom items
and show/identify
a fraction in the set

Place Fraction on
the Smartboard

The group was
unable to correctly
place their fraction
on the number line
and was unable to
correctly draw the
fraction.

The group was
able to correctly
draw the fraction;
however they were
unable to
appropriately place
it on the number
line.

The group was
able to correctly
draw the fraction
and appropriately
place it on the
number line.
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Rubric for Fraction Museum (individual)

Showing fraction
as part of a set

The student was
unable to take
classroom items to
form a set and
show a fraction

The student
understood how to
take classroom
items to form a set
and show a
fraction, however
they were unable
to correctly a
show/identify the
fraction

The student was
able to take
classroom items
and correctly
show/identify a
fraction in the set

Ability to make
fraction from
rectangle

The student was
unable to correctly
show their fraction
using a rectangle

The student was
able to correctly
show their fraction
using a rectangle

The student was
able to correctly
show their fraction
using their
rectangle; in
addition they were
able to show an
equivalent fraction
using the rectangle

Place fraction on
number line

The student was

unable to correctly
place their fraction
on the number line

The student was
not able to
correctly place
their fraction on
the number line;
however, they
were able to do so
with help from the
teacher

The student was
able to correctly
place their fraction
on a humber line

Other Evidence

= Singapore Math assessments

= Cumulative assessment

=  Math boxes
= Mental journal
= QObservations

=  Practice through games

= Verbal and written expression through journal and discussions

Student Self-Assessment and Reflection

" Exit Slips to reflect on personal learning
" Self-Correcting
" Student discovery of ways to use fractions in everyday scenarios
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Stage 3 — Learning Plan

(Design learning activities to align with Stage 1 and Stage 2 expectations)

Key learning events needed to achieve unit goals

Introduce Fractions:

Have students complete p. 85-87, questions 1-4 which reviews the uses of fractions to express parts of a
whole. As a whole group discuss the students’ answers of these questions.

Ask students to ‘think-pair-share’ their own definition of the word equal. Use food to explain equal to
students. Tell them you are going to give ‘student A’ a Snickers bar. Next tell them you are going to give
‘student B” a piece of a Snickers bar. Ask them why ‘student B” will not be happy- Because s/he did not get
the same size of Snickers- they were not equal pieces.

Ask the students to again do a ‘think-pair-share’, but this time about the word whole. After discussing the
word as a whole, use an orange to demonstrate whole. Have the orange peeled, but not sectioned. Show the
class the orange, and section it in front of them. Explain that while the orange is now in pieces, it is still the
whole orange, and demonstrate that by putting it back together.

Continue using the orange and introduce that fractions contain two parts- the numerator and the
denominator. Use the orange to show the denominator-with the orange back together- and then split it up to
demonstrate numerator. “I am holding 2 out of 8 pieces of this orange.” Do 4 or 5 examples of this using
the orange.

Using the Smartboard model fractions using a rectangle, or slate. Show fractions out of 2, 3, and 4.

Divide the slate into 2 equal parts, but shade both of them. Ask students to brainstorm which fraction this
would be. Go on to demonstrate that a fraction that has the same numerator and denominator is a ‘whole.’
If students are struggling with this concept use the orange again.

Have students complete the remaining problems on p.90. Additional practice can be found on p. 94-95 in
the students workbook.

Review Fraction Names for Parts of a Set:

As a whole group ask 5 children to lend their journals to make a set of books. Show the pile of 5 books.
The 5 books are a whole set or ONE. Hold up several books and children to name fractional part of the set,
always remembering to include the denominator. “I have 3 out of 5 books, the fraction is 3/5” Continue
this exercise until students show understanding.

As small groups invite students to come up with their own fractions from a set, using things from the
classroom. Give a set amount of time and rules as to what items in the classroom can be used (pencils,
markers, books, ect.) Have the groups share their fractions from a set with the rest of the class.

Have students complete p. 102-104 in their textbook. Additional practice can be found on p. 115 in the
student workbook.
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Investigating Equivalent Fractions:

Review the idea of fractions. On the board draw 2 rectangles. Split one rectangle into 2 and shade one side.
Write %2 next to it. Next, split the second rectangle into 4 sections and shade 2 of them. Write 2/4 next to
this rectangle. Ask students to look at these fractions and think of similarities and differences.

Introduce the idea of equivalent fractions. Demonstrate by using different examples of %.

Now, give each student a piece of paper. Have them fold it into two equal pieces. Have them shade one of
the two parts. Then fold again, demonstrating that %% is equivalent to 2/4, and continue to 4/8. Have
students brainstorm other equivalent fractions using white boards.

Students should complete p. 92-94 in their student textbook. Additional practice can be found in the
workbook on p. 100-107.

Review with students that these fractions are called equivalent fractions. Equivalent fractions name the
same fractional part of ONE.

Fractions Greater than one:

Ask the students who likes pizza! Call on one student and ask them how many pizzas they usually order at
their house. Tell students at your house you usually order 3 whole pizzas. Draw 3 circles on the board and
then ‘slice’ them into 8 slices each.

Demonstrate the fractions for the 3 pizzas. There are 3 whole pizzas, or each one is 8/8. All together they
are 24/8.

Ask a few students if they would like a ‘slice of pizza’ and tell them you’ve eaten 4 of one of the pizza

Ask students to write down how many whole pizzas there are, and then come up with a fraction (4/8) for
the leftover pizza. Explain that this is also %. Introduce mixed numbers 2 %% is a mixed number because it
has a whole number and a fraction!

Use the pizza to demonstrate a few more mixed numbers, until students really show understanding.

Teacher writes the following on the board. Students should write a response in their math journals

Emily has 3 apples. She cut one in half and ate one of the halves. How many apples where left?
(2%.) Then she cut each of the other whole apples in half. She gave all of the half apples to her friends.
How many half apples did she give away? (five half apples) Write 2 % and 5/2 on the board. Do these
numbers 2 ¥ and 5/2 name equivalent amount of apples?

**Differentiation- When reviewing and practicing equivalent fractions, you may want to have students who
are struggling with the concept only do % or 1 whole; students who are succeeding may move onto harder
fractions. Also, the ‘math message’ may be used as a challenge question

Placing Fractions on a number line:
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Use the Smartboard to display a number line between 0 and 1. Give each small group of students an index
card with a fraction on it (1/2, 1/3, ¥4, 1/5, 2/3, 2/4, etc.) As a group the students should decide where on the
number line the index card will go. Teach the students to draw a rectangle and color their fraction so they
are able to compare it to fractions with other denominators.

Have the % group go first, and help students arrange their index cards on the number line. Have students
share their strategies out loud. Record strategies for reference later.

If necessary, this activity can be done in small groups for further reinforcement.

Resources and Teaching Tip

Resources
Quizzes, tests, worksheets, Smartboard slides, Internet resources

Textbook materials (i.e. Math Student Journal, Math student skill links, Math students Homelinks)

Teaching Tips
Students may benefit from seeing a teacher model most activities prior to engaging in them independently.

Teacher should watch for students who have difficulty remembering which part of a fraction is the
numerator and which part is the denominator

Students have a folder of challenging and engaging activities to use if they complete their work early.

Differentiation

Every lesson summary includes a list of Key Concepts and Skills addressed in the lesson. This list
highlights the range of mathematics in each lesson so that teachers can better use the materials to meet
students’ needs. The Key Concepts and Skills are linked to the Grade-Level Goals and Program Goals and
thus clarify how lesson activities connect to and support Everyday Mathematics long-range goals.

Each lesson provides point-of-use ways to modify activities. These suggestions are called "Adjusting the
Activity." If children are having difficulty with a certain activity or need to be challenged a bit more,
teachers might find one of these modification suggestions helpful.

At the beginning of each unit a "Multiage Classroom" chart can be found. Companion lessons from
previous and future grade levels are given. If students have not had previous experience with Everyday
Mathematics, teachers might find this information especially useful.

Lessons have to be reorganized to include optional differentiation activities. Each lesson contains one or
more of the following types of activities:
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Readiness

Enrichment

Extra Practice, and

English Language Learner Support.

o O O O

Students are grouped according to ability levels for centers. Assignments vary to challenge each ability
level. Individualized attention is provided to scaffold each group. Groups are frequently assessed to allow
fluid movement between groups as students require more and less support.

Students learn in a variety of ways. In this unit students are able to express their knowledge through oral
communication (whole group and partner work). Students are given the opportunity to work with partners
to gain a better understanding of the material. Student created notebooks are a key resource for students to
use when practicing math skills as they create them. Students create visual aids showing their knowledge
of place value. Working in small groups, as well as teacher led groups, allows students to work at a pace
and style that is conducive to their learning.

Lessons involve movement and transition to ensure that kinesthetic learners are engaged and involved.

Design Principles for Unit Development
At least one of the design principles below is embedded within unit design

e  Universal Design for Learning - the ability to provide multiple means of representation,
expression and engagement to give learners various ways to acquire and demonstrate knowledge.

Universal Design for Learning is embedded within this unit as students use different means to learn
about and present their knowledge of topics. Students are encouraged to work in different environments
(i.e. individually, small group, whole class). They are also encouraged to demonstrate their knowledge
through written and oral formats.

Technology Integration

The ability to responsibly use appropriate technology to communicate, solve problems,
and access, manage, integrate, evaluate, and create information

8" Grade Technology Literacy - the ability to responsibly use appropriate technology to communicate,
solve problems, and access, manage, integrate, evaluate, and create information to improve learning in all
subject areas and to acquire lifelong knowledge and skills in the 21st Century(SETDA, 2003).

Students use technology through Smartboard slides to further understand the concepts of fractions, fractions
notation and equivalent fractions. They also use computers during centers.

Journal pages, Math Masters, Minute Math, etc. can be done on a (whole) class basis at times. To be able to
project this on a SMARTboard and use the journal as a learning tool can be quite beneficial
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Delaware Model Unit Gallery Template

This unit has been created as an exemplary model for teachers in (re)design of
course curricula. An exemplary model unit has undergone a rigorous peer review
and jurying process to ensure alignment to selected Delaware Content Standards.

Unit Title: Place Value and Notation

Designed by: Rebecca Warren and Davina Roach

District: Developed by Thomas Edison Charter School, used with
permission by the Reach Academy for Girls

Content Area: Math

Grade Level(s): 4™ grade

Summary of Unit

In this unit, students will learn about whole humbers and their place value. Students
will understand the place and value of humbers up to one million. They will be able
to round any number within a given whole number up to one million. Students will
be able to express numbers in base-ten numerals, number names, and expanded
form. During this unit, students will use collaboration and individual exploration to
guide their discovery of each standard. This unit will be the start of the math
curriculum. This unit is imperative to starting off beginning routines and basic
understanding of numbers and their values.

Stage 1 - Desired Results
What students will know, do, and understand

Delaware Content Standards

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.
CC.4.NBT.1

2. Read and write multi-digit whole numbers using base-ten numerals, humber
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. CC.4.NBT.2

3. Use place value understanding to round multi-digit whole numbers to any
place. CC.4.NBT.3

4. Fluently add and subtract multi-digit whole nhumbers using the standard
algorithm. CC.4.NBT.4

Big Idea(s)
Generalize place value understanding for multi-digit whole numbers.

Use place value understanding and properties of operations to perform multi-digit
arithmetic.
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Unit Enduring Understanding(s)
The value of a number is determined by the place of its digits

A number can be written using its name, standard, or expanded form
Place value can be extended beyond hundreds

Whole numbers can be rounded

Numbers can be rounded and ordered

Multi-digit whole numbers signify base ten numerals

Multi-digit whole numbers can be compared

Numbers can be represented in multiple ways

Unit Essential Questions(s)
How does understanding place value help me solve problems?

In a multi-digit whole nhumber, what place values do each digit represent?
How can I compare multi-digit numbers?
How can I round multi-digit whole numbers?

How can numbers be represented?

Knowledge and Skills

Students will know...

Vocabulary for base-ten numerals.

Vocabulary for number names.

Place and Value for numbers up to one million.

Standard algorithm for adding and subtracting multi-digit whole numbers.
Comparison symbols ( <= > )

How to round whole numbers at any place value in a number up to one million.

Students will be able to...
Express the places of numbers up to one million and the value of each place.
Express that each place increases by ten times the prior place moving to the left.

Write numbers in base-ten numerals, number names, and expanded form less than
or equal to one million.

Compare numbers less than or equal to one million based on place and value with
use of comparison symbols.

Round whole numbers less than or equal to one million.
Fluently add and subtract multi-digit whole numbers using standard algorithm.
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Stage 2 - Assessment Evidence

Evidence that will be collected to determine whether or not Desired Results are achieved

Suggested Performance/Transfer Task(s)

Your class is going to be running a food drive for less fortunate families. You are going to be collecting
canned goods, boxes of dry food, and bottles of juice and water. Below are a few things you will need to
figure out in order to help your food drive run smoothly.

Please explain your answers.
You have 198 little boxes and 132 big boxes.

a. About how many boxes do you have? (use rounding to the nearest 10)

1.

2.

b. Exactly how many boxes do you have?

Cans of beans come in cases of 19 cans. About how many cases will you need if you want to have
100 cans of beans?

Someone is going to drop off cases of water bottles. They will drop off 15 cases with 35 water
bottles in them and 10 cases with 36 water bottles in them. How much water should you expect

from them?

A restaurant has volunteered to donate boxes of rice. They will either give you 5 cases with 20
boxes in each case, or 6 cases with 15 boxes in each. Which option will get you the most food for

your food drive?

E-74




Rubric for Performance Task (by Caroline Strunk)

4 3 2 1
Calculations All calculations are | Most calculations | Attempts Few calculations
correct are correct with calculations but are correct
one exception makes more than
one mistake
Explanation Explanations are Explanations are Attempts to The student’s
clear, concise and | clear and concise explain but explanations
use mathematical explanations are contain conceptual
language incomplete misunderstandings
Rubric for assessing overall unit skills
4 3 2 1
| can recognize Understand Understand Understand Understand

that in a multi-
digit whole
number, a digit in
one place
represents ten
times what it
represents in the
place to its right.

differences and
similarities in place
value with no
errors

differences and
similarities in place
value with few
errors

differences and
similarities in place
value with
multiple errors

differences and
similarities in place
value with
assistance

| can read and
write multi-digit
whole numbers
using base-ten
numerals, number
names, and
expanded form.

Able to write
number in word
form, expanded,
and represent
base ten with no
errors

Able to write
number in word
form, expanded,
and represent
base ten with few
errors

Able to write
number in word
form, expanded,
and represent
base ten with
multiple errors

Writes number in
word, expanded,
and represents
base ten with
assistance

| can fluently add
and subtract multi-

Add and subtract
with accurate

Add and subtract
with few errors

Add and subtract
with multiple

Add and subtract
with assistance

digit whole calculations errors

numbers.

| can use place Able to round Able to round Able to round Able to round
value numbers to any numbers to any numbers to any numbers to any

understanding to

place value with

place value with

place value with

place value with

round multi-digit no errors few errors multiple errors assistance
whole numbers to

any place.

| can compare two | Able to use Able to use Able to use Able to use
multi-digit comparison comparison comparison comparison
numbers based on | symbols to symbols to symbols to symbols to
meanings of the represent represent represent represent

digits in each
place, using >, =,
and < symbols to
record the results
of the
comparisons.

differences in
numbers with no
errors.

differences in
numbers with few
errors

differences in
numbers with
multiple errors

differences in
numbers with
assistance
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Student Created

Math Journals

Attractiveness of

Notebook pages are

Notebook pages

Notebook pages are

Notebook neat and in order placed in notebook | missing and not in
according to the according to the order.
table of contents. table of contents; Assistance required.
pages are fairly neat
and in some order
Content of Notebook pages are | Notebook pages are | Notebook pages are
Notebook completed with no | completed with few | completed with
errors errors. assistance.
Group Project 4 3 2 1

Attractiveness

Game board
and pieces are

Game board
and pieces are

Game board and
pieces are all

Game board
and pieces are

neat with no neat with few | accounted for missing and
spelling or spelling or with multiple frequented
grammatical grammatical spelling and with mistakes.
errors. errors. grammatical
mistakes.
Cooperative The group The group The group The group
Work worked well generally worked fairly well | often did not
together with | worked well together with all | work well
all members together with members together and
contributing all members contributing the game
significant contributing some work. appeared to
amounts of some quality be the work of
quality work. work. only 1-2
students in
the group.
Accuracy of All information | All information | All information Several
Content cards made cards made cards made for information
for the game for the game the game are cards made
are accurate are closely mostly accurate | for the game
with self- accurate with with self- are not
checking self-checking checking accurate.
answers answers; few | answers;
errors. multiple errors
Creativity The group put | The group put | The group tried Little thought

a lot of

thought into

to make the

was put into

thought into making the game interesting | making the
making the game and fun, but game
game interesting some of the interesting or
interesting and fun to things made it fun.
and fun to play. harder to
play. understand/enjoy

the game.
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Team Work Checklist

My partner and me
Evaluation

Check for
completion and
notes if needed

I shared ideas and
listened to others
ideas

I worked on my
part of the project
to the best of my
ability

My partner shared
ideas and listened
to my ideas

My partner worked
on their part of the
project to the best
of their ability

Peer Evaluation:
Game Board

Accuracy of Game
board and pieces

The game was easy
to use and the
question/answer
cards were correct

The game was some
what easy to use
and most of the
question/answer
cards were correct

The game was
difficult to
understand and the
question/answer
cards were
incorrect.

Other Evidence
*Class discussions
*Class work
*Homework

*Conference with small groups

Student Self-Assessment and Reflection
*Pre/Post Quiz given to track progress
* Student Checklist with examples

* Math Journal

*Exit Slips for lesson reflection

*Review games
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Stage 3 - Learning Plan

activities to align with Stage 1 and Stage 2 expectations

Key learning events needed to achieve unit goals

Before the unit can begin, students must become familiar with their student
reference books and other math manipulatives (student math journals, base ten
blocks). As a whole group, teacher guides students in an introductory lesson of what
they know about place and value of a number.

7-10 days: Students will use their background knowledge of base ten blocks.
Students work as a whole group, identify base ten block values (creating an anchor
chart that shows the blocks and their values). As students begin to discover the
value of the blocks they will work with partners to create humbers using the base ten
blocks. Using a given number, students will create the numbers using base ten
blocks. Students develop a sense of place and value as they build number
knowledge. Students begin answer questions about place and value (How many
(hundreds) are in 300 ones?) Understanding that each place value to the right
is increased by ten times. Students also explore the relationship between similarities
and differences of place and value of numbers (ex: How is the number 4 in 456
similar and different to the number 4 in 546?) As a whole group, students work
together to create a place value chart. Also, recognizing that numbers are written in
different forms (expanded form, written form and digits). Students are engaged in
practicing math skills individually and with a partner. Students build their math
notebooks from the daily skills introduced. As students have begun to build their
knowledge and skills of numbers place and value they will work with a partner to
create a number gallery poster. Posters show their knowledge of a created number
and the way numbers can be displayed (number, base ten blocks, word form,
expanded form, and place value on a chart).
With a better understanding of numbers and their place and value, students’
progress to comparing numbers using place and value represented by comparison
symbols (>=<) . Working as a whole group to determine ways or rules to follow
when comparing numbers. Students work with partners to continue to practice
comparing numbers.

Students have had a great deal of practice with comparing numbers and looking at
place and value of a number to determine differences and similarities. The next skill
student’s focus on is rounding numbers to a given place value up to the millions.
Students are familiar with the necessary knowledge of determining place and value.
Working as a whole group, students use their background knowledge of rounding
numbers to create an anchor chart of rules to follow when rounding.

Each day student’s reflect on the previous day with a warm up and at the end of
each lesson with an exit slip.

To review the different skills learned, students will work in small groups and
participate in self-correcting review games. Students will also work on their
checklists to determine their own progress.

4-5 days: Building basic addition facts will help students to build a better

understanding of adding and subtracting multi-digit whole humbers. To start this
lesson, students work in their student notebooks to create ways to make different
numbers (ex: ways to make 15, 14, 10, 9, 6, etc.). Students also create a list of
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doubles to reference. As a whole group, create an anchor chart that helps students
remember the process for adding multi-digit whole numbers (with and without
regrouping). Practice adding multi-digit whole numbers fluently. Students recognize
the opposite of addition is subtraction. Creating an anchor chart that models the
process of subtracting with and without borrowing. Students model their
understanding through individual and partner practice.

4 days: Students begin their group project and review of skills to prepare for the
summative assessment.

Create a board game that uses place value, rounding, adding/subtracting numbers,
and expanded word form.

Our classroom has a problem. We don’t have any fun math board games! I am
looking for your help to put together a board game that uses our recently acquired
math knowledge!

Your job is to create instructions for the board game, design the board, player
pieces, and card questions and answers.

Students will give a brief introduction of their game to the whole class. Students will
be given a chance to play each groups game and perform a peer evaluation about
their thoughts on the groups game.

Final assessment for learned skills will be determined on the summative assessment.

Resources and Teaching Tips

Teacher Worksheets and review cards:
http://havefunteaching.com/worksheets/math-worksheets/place-value-worksheets/

Games for practice: http://gamequarium.com/placevalue.html

Differentiation

= Students learn in a variety of ways. In this unit students are able to express
their knowledge through oral communication (whole group and partner work).
Students are given the opportunity to work with partners to gain a better
understanding of the material. Student created notebooks are a key resource
for students to use when practicing math skills as they create them. Students
create visual aids showing their knowledge of place and value. Students also
learn ways to use the internet to help them research ways to practice skills
and reinforce learning. Working in small groups, as well as teacher led
groups, allows students to work at a pace and style that is conducive to their
learning.
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= Teacher and student created anchor charts help students reference learned
material when applying their knowledge.

= Visual displays, hands-on interaction with manipulatives, review games, skill
practice, and partner work add a variety of learning methods for all students.

Design Principles for Unit Development
At least one of the design principles below is embedded within unit design

Universal Design for Learning - the ability to provide multiple means of
representation, expression and engagement to give learners various ways to
acquire and demonstrate knowledge.

(Briefly explain how design principle(s) are embedded within the unit design.)

Universal Design for learning plays an important part in this unit. Students are
actively engaged

Technology Integration

The ability to responsibly use appropriate technology to communicate, solve
problems, and access, manage, integrate, evaluate, and create information

e 8" Grade Technology Literacy - the ability to responsibly use appropriate technology to
communicate, solve problems, and access, manage, integrate, evaluate, and create information to
improve learning in all subject areas and to acquire lifelong knowledge and skills in the 21st
Century(SETDA, 2003).

* Students work individually and with partners to research the latest math resources on the Internet. They
also use the Internet as a resource for researching different types of game boards.

Content Connections

Content Standards integrated within instructional strategi

Students engage in social responsibility when they work with partners and small
groups to accomplish a similar goal.

Students use reading research to help them plan their own game board. Also, using
decision making skills to help them decide on their own design.

Students also use written knowledge to create instructions for their games.
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Student Checklist 4 NBT 1-4

I can 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:

How is the number 5 in 456 similar and different to the number 5 in
5467

How many tens in 70 ones?

How many thousands in 8,000 ones?

I can read and write multi-digit whole numbers using base-ten
numerals, number names, and expanded form.

For example:

Number Word Form Expanded Form

56,789

1,293,673

345,953
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I can compare two multi-digit numbers based on meanings of the
digits in each place, using >, =, and < symbols to record the results of the

comparisons.

For example:

Compare using > = <

567 765

23,421 24,421

876,543 876,345

12,345 12,346

I can use place value understanding to round multi-digit whole

numbers to any place.

For example:

Round to the nearest tens place:

345

923

Round to the nearest millions:

2,345,766

5,799,345

[ can fluently add and subtract multi-digit whole numbers.

For example:

Solve:

234 + 876

43,654 - 40,768

E-82




8,345 +765 983 - 345

Name that Place and Value Game

Instructions: 2 players. Taking turns, player 1 reads the question (may show the front of
the card) while player 2 answers the question. If the question is answered correctly, the
player may keep the card.

What is the place and value of the Place: Ten Thousands
underlined number?
Value: 60,000

4,567,203
What is the place and value of the Place: Hundreds
underlined number?
Value: 800
210,897
What is the place and value of the Place: Tens
underlined number?
Value: 70
98,679
What is the place and value of the Place: Millions

underlined number?
Value: 2,000,000

2,345,005

What is the place and value of the Place: Hundred Thousands
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underlined number?

788,009

Value: 700,000

What is the place and value of the
underlined number?

49,234

Place: Thousands

Value: 9,000

Rounding

Instructions: 2 Players. Taking turns, player 1 reads the question (may show the front of
the card) while player 2 answers the question. If the question is answered correctly, the

player may keep the card.

Round the underlined number
to the nearest tens

45, 680
45,678
Round the underlined number
to the nearest hundreds
12,500
12,537
Round the underlined number
to the nearest thousands
135,000

134,877
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Round the underlined number
to the nearest millions

3,000,000
3,456,345
Round the underlined number
to the nearest hundred
thousands 1,000,000

987,533

Comparison Symbols

Instructions: 2 players. Taking turns, player 1 reads the question (may show the front of
the card) while player 2 answers the question. If the question is answered correctly, the

player may keep the card.

Compare the two numbers
using >, =, <

567,543 568,543

567,543 is less than ( <)
568,543

Compare the two numbers
using >, =, <

21,223 20,344

21,223 is greater than ( >)
20,344

Compare the two numbers
using >, =, <

1,234,224
1,234,345

1,234,224 is less than ( <)
1,234,345
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Co
usi

mpare the two numbers
ng > =,<

798 800

798 is less than ( <) 800

Co
usi

mpare the two numbers
ng > =,<

45,567 45,567

45,567 is equal to (=) 45,567

4N

BT Pre/Post Quiz

1. How is the number 4 in 456 similar
and different to the number 4 in
5467

2. Solve:

hundreds = 600 ones

tens = 50 ones

thousands= 4,000 ones

543

3. Write the following in words:

5,876

4. Write the following in expanded
form:

234

8,765
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45,889 134,567

607,803

6. Round to the nearest thousands place:
5. Round to the nearest tens place:

323,445
567
986,443
67,996
214,005
453
7. Solve: 8. Solve:
234 + 765 723-544
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9. The school is collecting books the
library. We collected 34,689
books last week and 23,456 books
this week. How many books have
we collected total?

Answer:

10. Emily is closing her shoe store and
has to sell all of her 3,421 pairs of
shoes. She sold 1,256 pairs as of
today. How many shoes does she
have left to sell?

Answer:

11. Compare the numbers using < = >

234 324
14,678 41,678
3459~ 4,359

967 976

12. How much is your number worth?

2,378,439

The value of
2:

The place of
2:

The value of
7:

The place of
7:

The value of 4:

The place of 4:
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Summative Assessment
4 NBT 1-4

1. write the greatest number using these five digits:

57830

2. Write the least number using these four digits:

49214

Explain why your answer is correct.

3. Name the place and value of the underlined digit:
23,451,980

Place: Value:
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5,481

Place: Value:

4. Write the number in expanded form:

68,876

54,231

5. Compare the numbers using > =<

456 546 34,567 35,435 987 978

12,352 123,520 2,312,453 2,412,453

6. How is the number 5 in 7,056 similar and different to the number 5 in 7,5647

7.Round
56,684 to the nearest tens place

32,445 to the nearest thousands place

4,321,876 to the nearest millions place

E-90




8. Solve:

794 - 175 734 - 141

5,986 + 2,332 24,554 + 13,203

9. Jenny wrote a letter to her best friend that recently moved away. She counted the
words in her letter and discovered she wrote 567 words. Jenny likes round numbers so
she decided to round her number to the nearest hundreds. What will be her new number?

And how many more words will she need to reach her new number? Show work.

Answer:

10. 1,220 students in the school have green backpacks and 992 students in the school
have blue backpacks. Also, 574 students have red backpacks. How many backpacks are
there in all? Show work.

Answer:
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Delaware Model Unit Gallery Template

Unit Title: Volume
District: The Reach Academy for Girls
Content Area: Mathematics

Grade Level(s): Fifth Grade

Summary of Unit

This unit is a portion of the measurement unit for fifth graders. This is the first
exposure students have to the concept of volume (other than liquid volume). The
third grade standards have students working with concepts of area and perimeter.
Now, those concepts are used as a foundation for volume. First, students build an
understanding of a unit cube as a 1 x 1 x 1 cube with the unit determined by the
measurement unit used. Students begin to understand that, when we place layers of
unit cubes into 3-dimensional shapes, we can determine the volume of the shape.
Finally, students connect the layers of cubes to the volume formula: / x w x h, and
use this knowledge to solve real-world problems.

Stage 1 - Desired Results
What students will know, do, and understand
Delaware Content Standards

5.MD.3 Recognize volume as an attribute of solid figures and understand concepts of
volume measurement.

5.MD.3.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.

5.MD.4 Measure volumes by counting unit cubes, using cubic cm, cubic in, cubic ft,
and improvised units.

5.MD.5 Relate volume to the operations of multiplication and addition and solve real
world and mathematical problems involving volume.

5.MD.5.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.MD.5.b Apply the formulasV = | x w x h and V = b x 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.

5.MD.5.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.
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Big Idea(s)

e Volume is measured in 1 x 1 x 1 cubes, and those cubes can be of any unit
length

e Using formulas allows us to solve problems efficiently

e The selected measurement unit must be appropriate for the task (e.g., volume
cannot be measured in flat squares)

Unit Enduring Understanding(s)

Real world mathematical problems can be solved with measurement

Equations can help me solve measurement problems

Volume is an attribute of solid Figures

2D shapes are measured with 2D units, 3D shapes are measured with 3D units
Volume can be measured and counted

Unit Essential Questions(s)

e What is volume?

e What strategies can I use to determine the volume of a given space or container?
« How is volume connected to multiplication and addition?

« How can I use volume to solve real-world problems?

Knowledge and Skills

Students will know...

e Aunitcubeisalx 1x 1 cube, with all side lengths using the same
measurement unit

e Stacking unit cubes in layers inside a solid will determine the volume

e | xwXx hisaformula for calculating volume

Students will be able to...

Define what a unit cube is, and give examples

Differentiate between the use of squares (area) and cubes (volume)
Count volume using manipulatives and/or visuals

Calculate volume using the formula | x w x h

Solve real-world problems involving volume situations
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Stage 2 - Assessment Evidence
Evidence that will be collected to determine whether or not Desired Results are achieved

Suggested Performance/Transfer Task(s)
Building a Box*

You are designing a cabinet for the classroom. The cabinet must have 36 cubic feet
of storage. What dimensions could the cabinet be?

1. Draw and label two possible designs.

2. How do you know each of these designs will work?

3. Explain which of your designs would be better for the classroom.

Formative Assessment Questions
e How could you determine which 3 numbers could be multiplied together to get 307?

! Adapted from Georgia Department of Education:
https://www.georgiastandards.org/Common-
Core/Common%20Core%20Frameworks/CCGPS_Math_5_Unit7FrameworkSE.pdf
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¢ Is your answer reasonable? How do you know?
e What expression might you use to find volume?

Differentiation Opportunities
Extension:

Have students find all possible combinations that could create a 48 cubic
foot cabinet
Have students design another box with a capacity of 36 cubic feet.

Intervention:

Allow students to work with partners or in groups.
Allow students to use calculators.
Allow students to use cubes to build a model.

Rubric:
Student:
e Provides two sketches and sets of dimensions that multiply to
achieve a volume of 36 cubic feet
4 e Provides a solid explanation for each set of dimensions, which may
include a visual or formulaic explanation
e Selects one design as "better” and is able to create a viable
argument for that selection, related to the overall shape of the box
based on the dimensions.
See 4 above, but student makes one of the following mistakes:
e Provides only one set of dimensions that multiply to achieve a
volume of 36 cubic feet
3 or
e Provides a solid explanation for only one set of dimensions, which
may include a visual or formulaic explanation
or
e Selects one design as “better” but does not provide explanation.
Student:
¢ Is able to give one set of dimensions
2 e Provides one reasonable explanation for the set of dimensions
given.
e Gives some argument for question 3 based on the overall shape of
the box based on the dimensions
Student:
1 e Is able to give up to one set of dimensions that works

¢ Does not provide any reasonable explanation for questions 2 and 3

Other Evidence

Formative Assessments:
Unit Pre-test
Math journals
Class work
Class discussions
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Homework

Group work checklist
Measurement Assignment
Math Learning Stations

Summative Assessments:

Unit Post-Test
Singapore Assessment
Performance Task Rubric

Stage 3 - Learning Plan

Design learning activities to align with Stage 1 and Stage 2 expectations

Key learning events needed to achieve unit goals

Lesson 1: Counting Volume

Students begin the unit by learning about the concept of unit cubes. These
are introduced to students, allowing them to interact with various unit cubes:
cubic inch, cubic cm, cubic foot, etc. Larger unit cubes can be made from
boxes or PVC pipe, if desired.

Next, students are exposed to various shapes, including rectangular prisms
and irregular shapes. All of these have images in which the cubes are
outlines, and can at first be directly counted.

Students are asked to count volumes where cubes are still shown on the
object, but with some now hidden within the object. This encourages students
to consider volume as “layers” of cubes.

Lesson 2: Calculating Volume

Measurements are provided along with the cube drawings on the objects, and
the cubes gradually disappear, leaving only measurements remaining for
students.

Students are then are expected to begin using the formula | x w x h to
calculate other volumes.

Optional Support: p. 37 in the student workbook

Students are given problems in which they are given the volume and need to
find a missing side length. This also reinforces the commutative property of
multiplication.

Lesson 3: Using Volume to Solve Problems

Students are exposed to a variety of real-world problems using volume.
Initially, some support/hints are given, and these are weaned away.
Students complete Practice B on p. 57 and items 19-20 on p. 60.
Optional supports: p. 39-40 and 41-42 in the student workbook
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Lesson 4: What’'s in the Box?

Students should be broken into pairs or small groups. Each group is given a
box (if possible, whole-number dimensions should be used). For groups who
may be struggling, the box dimensions can be labeled. Other groups may be
required to measure their box, as deemed appropriate.
Groups will need to record the dimensions of the box and the total volume of
the box in their notes.
Groups then switch boxes, and repeat.
Circulate to ask students probing questions:
o Why can’t we use square units to measure volume?
What information do you need to find the volume?
How do you know your answer makes sense?
What happens if you start over, turning the box on its side?
Which shape of box has the most cubes that aren’t touching the
outside faces?
o Extension: Do you think you can figure out how much wrapping paper
you would need to wrap your box (with no overlaps)? How?

O O O O

Resources and Teaching Tips

Resources

Singapore textbooks
Unit cubes

Various boxes (look for a variety of rectangular prism shapes - long/skinny,
cube, etc.)

Rulers/yard sticks/tape measures

Teaching Tips

This unit provides an excellent connection between the Commutative property
of multiplication and volume. Students should also be realizing that the order
in which the measurements are multiplied does not affect the total volume
calculation.

Differentiation

Students will work with partners and groups to provide additional support
while learning

Struggling students will also be pared with a higher performing partner
Teacher will spend time with small groups that require additional support
Visual learners will benefit from the reading and writing from in the activities

Struggling students can use cubes to build the initial boxes so they can count
those cubes

Extension: students can begin to consider how they might determine the
surface area of a rectangular prism (by thinking about wrapping it).
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Design Principles for Unit Development

At least one of the design principles below is embedded within unit design

e Universal Design for Learning: students are given various formats to interact
with content. Students spend time with visuals, manipulatives, speaking and
writing in each lesson. These are all used as formative assessment
techniques.

e 21% Century Learning: Higher-order thinking skills are incorporated into each
lesson within the unit, and students are given frequent opportunities to
explain their own and consider others’ work. Students are expected to apply
their knowledge in a novel situation in the Performance Task.

Technology Integration

The ability to responsibly use appropriate technology to communicate, solve
problems, and access, manage, integrate, evaluate, and create information

8'" Grade Technology Literacy - the ability to responsibly use appropriate
technology to communicate, solve problems, and access, manage, integrate,
evaluate, and create information to improve learning in all subject areas and to
acquire lifelong knowledge and skills in the 21st Century (SETDA, 2003).

Technology

In this unit, technology is primarily a support for students who need additional
exposure to the content.

e Students can review volume concepts with an oniine tutorial:
https://www.khanacademy.org/math/geometry/basic-geometry/volume-
introduction-rectangular/v/how-we-measure-volume

e Students fill boxes with cubes as they investigate volume:
http://illuminations.nctm.org/ActivityDetail.aspx?id=6

e Students experiment with constant volume and varying dimensions:
http://illuminations.nctm.org/LessonDetail.aspx?ID=1L240

Content Connections

Content Standards integrated within instructional strategi

Reading, vocabulary, and writing are embedded within all of the activities.
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Delaware Model Unit Gallery Template

Unit Title: Ratio and Rates

Designed by: Rodolpho Loureiro, Stephanie Donofry?

District: Developed by Thomas Edison Charter School, used with
permission by the Reach Academy for Girls

Content Area: Mathematics

Grade Level(s): 6" grade

Summary of Unit

Proportional understanding is essential to students because it teaches students to
compare two quantities as it relates to another two quantities. Proportional analysis
is essential to understanding relationships between very important concepts like
fractions, decimals, and percent, as well as other concepts in geometry and algebra
as well.

Stage 1 - Desired Results
What students will know, do, and understand

Delaware Content Standards

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."
CC.6.RP.1

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.™ CC.6.RP.2

Use ratio and rate reasoning to solve real-world and mathematical problems, e.g., by
reasoning about tables of equivalent ratios, tape diagrams, double nhumber line
diagrams, or equations. CC.6.RP.3

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. CC.6.RP.3a

! (Adapted from http://dnet01.ode.state.oh.us/IMS.ItemDetails/LessonDetail. aspx?id=0907f84¢80530b51)

2 Expectations for unit rates in this grade are limited to non-complex fractions.
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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? CC.6.RP.3b

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. CC.6.RP.3c

Use ratio reasoning to convert measurement units; manipulate and transform units
appropriately when multiplying or dividing quantities. CC.6.RP.3d

Big Idea(s)
The big idea of this unit is the comparison of two quantities to one another and in a
form of a ratio and using it to calculate further ratios.

Unit Enduring Understanding(s)

Ratio compares two quantities

Proportions are two ratios that are equal to one another

Proportions are used to calculate the quantities of other equal ratios

Unit Essential Questions(s)

Why are proportional relationships an important part of mathematics?

How is percent related to fractions and decimals, and why is it such a useful tool in
everyday life?

Why are proportional relationships an important part of mathematics?

How is percent related to fractions and decimals, and why is it such a useful tool in
everyday life?

Knowledge and Skills

Students will know...

Vocabulary for speaking using ratios and rates

How to set up a ratio and a proportion

Set up a proportion to find the percent of a number

How to find the part of a whole of a number using percents

Students will be able...

To write and compare ratios in different ways

To explore the effects of additions to ratios using ratio tables
To explore proportional relationships using graphs, and algebra
To define and calculate unit rates and unit prices

To use algorithms to solve proportions

To define and calculate unit rates and unit prices

To define and calculate unit rates and unit prices
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To use an algorithm to solve proportions

To use proportional reasoning to express rates

To use proportional reasoning to express rates and predict outcomes

To identify a percent is a ratio out of 100

To convert between percents and fractions

To convert between fractions, decimals, and percents

To convert and compare fractions, decimals, and percents

To demonstrate knowledge of concepts of a percent

To use percents to find the part of a whole

To make good eating choices based on interpreting percentages on nutrition labels.
To find the percentage of a humber to interpret %DV on nutrition labels.
To find the percentage of a number to determine good eating choices.

Stage 2 - Assessment Evidence

Evidence that will be collected to determine whether or not Desired Results are achieved

Suggested Performance/Transfer Task(s)

Summer Job

You have just landed a summer job. You will paint houses Monday through Friday,
8 hours each day. You have to make many decisions in order to maximize your
earnings,

e choose from two different pay options.

e decide how much paint to purchase.

e mix paints to get the right colors.

Make these important decisions.

1. The two different pay options are: either $62 per day or $304 per week.
Which is the better deal for you? Use unit rates to explain your decision.
2. Using the option you chose in Question 1, determine how much money

you will earn by working 4 weeks. Justify your answer and identify the
number of hours you will work per week.

3. To get the right color to paint the house, you must mix 1 gallon of green
paint with 3 gallons of white paint.
a. Write a ratio in 3 different ways to show the relationship between

green paint and white paint.

b. How many gallons of paint will your mixture make?

4, You are told ahead of time that you will need to purchase about 12 gallons
of paint in order to cover the entire house. Write a proportion to
determine the amount of green and white paint you will need to purchase.

5. How many gallons of green paint would be needed if you have 10 gallons
of white paint? Explain your reasoning.
6. How many gallons of white paint would you need to mix with 0.5 gallon of

green paint? Explain your answer.
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7. Suppose that you accidentally mixed 2 gallons of green paint with 3
gallons of white paint.
a. How would the color change? Would it be darker or lighter? Explain.
b. Without starting over, how could you fix your mistake to get the right
color to paint the house?

A Special Birthday

Aiden’s grandparents put $2,000 in a bank savings account when he was born. The
bank account earns simple interest at a rate of 4.8% a year. They told Aiden that he
could have the money on his sixteenth birthday. He plans to use the money to buy a
used car.

1. How much money will be in the account when he turns sixteen?

2. Aiden found ads for used cars on the internet. Look at three ads that he
found. The ads are from dealers in different states, so the sales tax rates
are different.

Option | Option 2 Option 3
4015 Originally $4350 18% off
15% off Mow 33915 You Save 57501
Sales Tax: 5.6% Sales Tax: 7.25% Sales Tax: 4.5%

a. Which offer has the best discount? Explain.
b. Calculate the total cost of each car including sales tax.

On his birthday, Aiden’s family and relatives go out to dinner to celebrate. The three
families decide to get separate checks.

3. Copy and complete each receipt. Show your work.
Aiden’s Family Aunt Elles E:ﬂ.l'ltfl]]ri Grandma & Grandpa
r £
| PASTA HOUSE PASTA HOUSE \ PASTA HOUSE
| RECEIPT RECEIPT RECEIPT
March 12 630 PM March 12 630 PM | March 12 630 PM
Food Total 372.50 Food Total $40.87 Food Total
Tax (g%} Tax (%) | Tax (B} 3223
Subictal Subiotal Subtotal
Tip Amount (159%) | | TipAmount{ %) _ $10.57 Tip Amount (10%) B3.Es |
Total Dus Total Dus Total Dus
Thank you! Mease come again! Thank you! Please come again! Thank you! Please come again!
| 1 —t
4, Explain how each family could have used mental math to estimate the tip.
Rubric(s)
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Rubric for “A Summer Job”

Exemplary Praficient Emerging
Math Knowledge Student occurmiely | Stedent ottempts ot | Student attempts at
#2-6 colculotes poy leost & colculotions | least 3 colcelotions
{2) end finds the ond oocurotely and accerately
ameunts of paint determinas at determines 2 of
(3-6). lzost 3 of these thesa colculotions,
colculations.
Probiem Sotving Student cormectly Stdent cormecity Student correctly
#1,70, 70 caleds the betier sohves two of the sabeas al least
dect for poy using three problems. one of the three
unit rates (1}, problems.
determines how
the paint color
will change (7a),
and finds o way
ta correct the
mistake (7h).
Representation Sudent writes Student writes Student provides
#30, 4 three correct rotios | ol least 2 correct at l=ast e corract
(3a) and gives ¢ rodios and sets up a | rotio ond setsup o
cormect proportion | proportion. proportion.
1o determine poind
quontities (&)
Commignicaticen Student cleorty Student clearty Student cleorty
#1,5,6, 70 communicates the | communicates communicotes
better poy option logicol reasoning for | legical reasoning for
(1], gives clzar three of the items. | two of the items.
explanations af the
methods used to
find the amaount of
gresn paint (5} and
white point needed
(&), and gives
dear reasoning for
whather the paind
would be darker or
lighter (7a),
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Rubric for “"A Special Birthday”

Exemplony Proficient Emerging
M oth Knowledge Student occurctely | Student Stisdent
#1,2b.3. 4 determines the completely and coameplet ety and
amount of money | comectly solves coreclly solves
in the ocoount thres of the of least two of the
(1}, comrectiy problems. problems.
coicuiotes the cost | OR
af all three cars The student sobves
{Th}, correctly all the problams
completes ol using comrect
thres receipts melhads, but the
{3}, ond prowides | calcolotions may
three logical cantoen minar
gstimiotes for tips | errors.
(&) Student makes
no mare than one
NG error in
colouiotions.
Problem Solving Student occurctely | Student ocourotely | Stedent is oble to
#2o determineswhich | determines two determine the best
of the three offers | of the three discount without
fwes the best descounts but &My apEropriate
iscoumt, providing | makes on incosrect | supporting
appropricts conclusion. cobculations.
supporting OR OR
coloulotions (o). | The best discount | Stedend logicalky
may be chosen, determines the
but the supporting | best discownt
colculaticns bosed on incommect
provided are wiark
incomplete.
Communication Student clearly Student gives In prowiding the
#20,4 expioins fis or fier | explanations for expbanctions for
reasoning for the | the discount ond | the discouent and
discount chosen the three mental 3 mentol math
(Za) and for epch | math strategies. strofegies, of [=ast
of the three mental | Al most one two of the four
math strolegies explandation mday muest be clear and
used (&) be incomplete or | complete.
uncleor.

Other Evidence

Group Activities focusing on practicing skills

Stations Review

Jeopardy! Review Game

Weekly quizzes
Exit Tickets
Worksheets
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Student Self-Assessment and Reflection

Unit Test Analysis - Students self-correct own wrong answers and provide clear
explanation of why they got the answer incorrectly

Unit Test Retakes — After student completes the Unit Test Analysis, student then
verbally explain misunderstandings prior to retaking the Assessment

Task Reflections — Students reflect upon performance and habits that led to such
outcome in the task.

Stage 3 - Learning Plan

Design learning activities to align with Stage 1 and Stage 2 expectations

Key learning events needed to achieve unit goals

Introduction to Ratios:
e Ask students to describe situations in which they might want to compare the
quantity of one thing to the quantity of another.

e For example, how heavy one person’s book bag is compared to another
person’s bag.

e Record student ideas on chart paper.

o Students typically generate ideas such as the number of boys compared to
the number of girls in a class, the number of teachers to number of
students in a grade level, number of desks to number of students.

e Encourage students to think outside the classroom by comparing the
number of pets to people, 1 table in the cafeteria to the number of seats at
the table, and other such ideas.

o Select items from the student-generated comparisons and have the class discuss
different ways of writing those comparisons.

o For example, if comparing heights between two people, one might write:
her height is 54 inches and his height is 53 inches, 54 inches to 53 inches,
54:53, or many other representations, such as a table or chart.

e Introduce the common notation using a colon (54:53) and the terminology
ratio (a comparison of two quantities).

o Place students in pairs and provide each pair with a bag of cubes.

e Ask the pairs to sort the cubes by color, count and record how many of
each color and how many cubes were in the bag. All groups have the same
configuration of cubes.

o Conduct a class discussion about the contents of the bags.

e Ask students to describe the contents of the bags. Expect responses that
indicate the bags contain cubes, the cubes are different colors, there are
three red cubes, four yellow cubes, and two green cubes in each bag.

e Ask several different students to describe the number of red cubes in
relation to the whole bag. Listen to how students phrase their responses.

E-121




Write a statement on the board to summarize the individual students’
descriptions. For example, there are three red cubes out of the nine total
cubes. Repeat this with the other colors.

e Ask the pairs to write down all the comparisons they can make for the
cubes in the bag. Share the lists with the class. Include all comparisons,
including the reverse order (e.g., one blue cube and two white cubes, and
two white cubes and one blue cube).

e Ask students to suggest shorter ways to write some of the comparisons.
Use student suggestions and encourage the use of common mathematical
forms e.g., three red to 12 total, 3 red:12 total, and 3:12 if students do not
suggest it. Avoid using fractions to represent the ratios in this lesson
unless students suggest it.

o Combine pairs to form small groups. Ask the groups to complete the table below
assuming that the later rows of the table are found by combining bags.

Number of Number of Number of Total
Red Yellow Green Number
Cubes Cubes Cubes of Cubes
3 4 12
6 8
36

e Have groups fill in the table. Remind them that they will be asked to explain their
strategies.
e Ask groups to share the strategies they used to complete parts of the table
and complete the table.

Number of Number of Number of Total
Red Yellow Green Number
Cubes Cubes Cubes of Cubes
3 4 2 12
6 8 4 24
9 12 6 36

b (194

e Remind the class that a ratio’s “job” is to describe a relationship between
quantities. Facilitate a discussion to introduce equal ratios.Ask questions such as;
¢ When we went from single bags to combined bags, what happens to the

relationship between the number of yellow cubes and the number of red
cubes? (Relationship stayed the same: still four yellow for every three red.)

e If we combined six bags would there still be more yellow than red? Why? If
necessary, tell the class, that a 4:3 ratio can be thought of as saying for every
four yellow cubes there are three red cubes. Then, ask if this holds true for the
combined bags.
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Have students group the cubes of the combined bags to show that for every four
yellow cubes there are three red cubes.

Explain that since the single bags and the combined bags have the same
relationship, the ratios are said to be equal. Therefore, the ratio 4:3 is equal to the
ratio 8:6. The

relationship between the number of yellow cubes to red cubes in the single and
combined bags did not change.

Tell students that when the bags were created, the ratio of yellow to green cubes
was intended to be 2:1 and now the students have determined that the ratio is 4:2
for each original group.

Ask students to suggest methods of determining if a mistake has been made, or if
these are equal ratios. Allow students to make suggestions and to critique each
other suggestions. Typically, students suggest some form of building up a set.
They start with 2 yellow cubes and 1 green cube and then add 2 more yellow and
1 more green, making the ratio 4:2. Allow the class to reach agreement on the
method they use.

Ask students to work in small groups to find other ratios equal to the yellow:
green ratio of 4:2. Encourage them to use strategies the class has already
explored. Allow groups a few minutes in small groups, and then have groups
share their ideas and approaches with the class.

Ask the class if the ratio of yellow to green can be described as 6:3. Have students
work in small groups again to investigate the idea. Initially, many groups may say
it does not because they cannot build get that ratio by starting with 4 yellow cubes
and 2 green cubes and then adding on those amounts again.

e Ask these groups to explain why 4:2 was the same as 2:1, and to use that
thinking to get to 6:3. Also these groups could build up tables to see that
the amounts work out to the same number of cubes at some point. In the
tables below, both ratios reach 24 yellow and 12 green at some point.

Number of Number of Number of Number of
Yellow Green Yellow Green
Cubes Cubes Cubes Cubes

4 2 6 3
8 4 12 6
12 6 18 9
16 8 24 12
20 10
24 12

Ask students if the ratio of yellow to red cubes can be described as 3:2. Have
student’s think-pair-share about this question. (No, the ratio of yellow to red if 4:3
which cannot be represented as 3:2.) To see why 4:3 cannot be represented as 3:2,
suggest that students build up tables for these two ratios. 4:3 will be seen to be
equivalent to 8:6, and 3:2 is equivalent to 9:6. Students should be able to see
intuitively that 8:6 cannot possibly be the same ratio as 9:6.)

E-123




e Use ratios to represent students in the classroom. Do the following as a think-
pair-share activity. Have students work alone to answer the first question, and
then share thoughts with a partner. Finally, discuss the responses and strategies as
a class.

« Find the ratio of female students to the total students in the room. Write
the ratio in several ways on the board. For example: 12 girls to 26
students, 12 girls:26 students, 12:26.

« Find the ratio of male students to the total students. Write two different
ratios to compare the number of male students to the total students. For
example, 14:26 or 7:13.

o Find the ratio of female students to male students. Explain how this ratio
is different from girls to total, or boys to total.

Further Understanding
o Discuss ratios and the meaning with students.
« Pose situations such as:
= In the winter when people wear mittens, what is the ratio of
mittens to a person? (2:1)
= Have 4 boys and 6 girls stand at the front of the class. Ask students
to identify the ratio of boys to girls (4:6), girls to boys (6:4). Ask
students if there are other ways these students could be grouped
that would visually demonstrate the same ratio. The students can
be separated into two groups, each containing 2 boys and 3 girls,
so the ratio could also be 2:3. This should be done as an intuitive
separation of groups, and should not be approached in this lesson
using formal algorithms for finding equivalent ratios.
= What is the ratio of feet to inches? (1:12); What is the ratio of
inches to feet? (12:1)
e Ask students what is meant when a teacher or tutor provides one-to-one help.
Ask students to identify the ratio of students to teachers in those settings. (1:1)
o If the Cavaliers are playing the Pistons and are using a one-on-one
defense, what does that mean? What is the ratio of Cavalier players to
Piston players on the court in that setting? (1:1)
o How is one computer to three students different from three computers to
one student? Describe both ratios and tell how they are different.

o Select students to write the ratios on the board. Accept answers written in words
or using the short notation, such as 2:1.

o Ask students to find another ratio equivalent to the given ratio. For example, if the
answer was 2:1, another ratio would be 14:7. Do not provide students with a
process or algorithm for finding equivalent ratios. This will occur later in this part
of the lesson.

« At this point in the lesson, asking students to describe a systematic way for
finding equivalent ratios would be appropriate if so desired.

Practicing Ratios
e Ask students to complete this sentence:

E-124




If two friends have one cookie, then the ratio of friends to cookies can be described as
1to . The answer is 1:% because one friend can have half a cookie. Ask
students: how else might we describe the ratio of friends to cookies? (2:1, because
there are two friends and one cookie.) So the ratios 2:1 and 1:% are equal ratios

because they are describing the same scenario in two different ways.
e Provide students with the following situation:

A pancake mix combines eggs, milk, and mix in the following ratio: 1 egg to %cup

milk to 1 cup mix. One batch serves 4 people.

Have students work in small groups to answer the following questions.

e What is the ratio of people to eggs if one batch is made? (4:1)

e What is the ratio of eggs to cups of mix if two batches are made? (2:2)

e What ratio could be described by 1:4? (eggs to people, or cups of mix to people)

e Sam made pancakes, but he used a ratio of two eggs to eight people. Is his ratio
correct? What did he do? (The ratio is correct. Think of Sam making two
batches.)

e |f making two batches, what is the ratio of eggs to milk? (1:% or 2:1%)

e Why could one egg to one cup mix still be used to describe the ratio of eggs to
mix if five batches of pancakes are made?

Resources and Teaching Tips
Resources

e SpringBoard Textbook

e Prentice Hall - Mathematics Textbook and Student Workbook

e Teacher Created Powerpoints

e Teacher Created activities, quizzes, and supplementary worksheets
e Nutrition Labels

Teaching Tips

¢ Students may have trouble remembering the three different ways of writing
ratios

e Students will likely confuse where numbers are placed within the proportion

e Students would benefit with a strong model of how to write and label
proportions

e Students will have trouble finding certain information pieces on nutritional
labels

e Students may forget how to properly label numbers with appropriate units
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e Using fractions to represent ratios is discouraged throughout this entire
lesson. An incomplete understanding of fractions combined with an
incomplete understanding of ratios can facilitate the development of
misconceptions that are difficult to correct.

e Prior to the lesson, create bags of color cubes. Place three red cubes, four
yellow cubes, and two green cubes in each bag. Prepare one bag for each pair
of students.

Differentiation

e Students will be divided into leveled groups when performing inquiry-based
lessons with more scaffold provided to such groups.

e Students will be able to partake in different roles within group presentations,
according to their skills of their choice (writing, presenting, time-keeping)

e Students may work in pairs during certain activities for additional support or
stretch of understanding

e Vocabulary will be presented at a slower pace for struggling students

Design Principles for Unit Development

At least one of the design principles below is embedded within unit design

e International Education - the ability to appreciate the richness of our own
cultural heritage and that of other cultures in to provide cross-cultural
communicative competence.

Students will be encouraged explore the nutrition labels of foods of different
countries when researching nutrition facts.

e 215 Century Learning - the ability of to use skills, resources, & tools to meet
the demands of the global community and tomorrow’s workplace. (1) Inquire,
think critically, and gain knowledge, (2) Draw conclusions make informed
decisions, apply knowledge to new situations, and create new knowledge, (3)
Share knowledge and participate ethically and productively as members of our
democratic society, (4) Pursue personal and aesthetic growth.(AASL,2007)

Students will be learning using a guided release model, an inquiry-based model of
learning, and present materials by applying what they have learned in previous
activities into a new format. They will also use physical activities to demonstrate
understanding of rates

Technology Integration

The ability to responsibly use appropriate technology to communicate, solve
problems, and access, manage, integrate, evaluate, and create information

e 8" Grade Technology Literacy - the ability to responsibly use appropriate technology to
communicate, solve problems, and access, manage, integrate, evaluate, and create information to
improve learning in all subject areas and to acquire lifelong knowledge and skills in the 21st
Century(SETDA, 2003).
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Students will present information on nutrition labels through Microsoft PowerPoint.

One aspect of quality in computer monitors and television screens is measured by
using pixels per square inch. Have students explore the ratios for different computer
monitors or televisions and the total humber of pixels. Explore the relationship
between cost and ratio of pixels.

Content Connections

Content Standards integrated within instructional strategi
Physical Education — Students will use jumping jacks to determine unit rates
Health - Students will read and interpret nutritional labels to make better food
choices

Science - Students will learn the difference between calories, fats, and
carbohydrates when reading nutritional labels.
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Delaware Model Unit Gallery Template

Unit Title: Introducing Rational Numbers & Adding/Subtracting Integers

Designed by: Caroline Strunk

District: Thomas Edison Charter School, used with permission by the Reach
Academy for Girls

Content Area: Mathematics

Grade Level(s): 7" Grade

Summary of Unit

In this Unit students will learn about subsets of rational numbers, focusing especially on integers.
Students will build upon their previous understanding of operations and negative numbers to
learn how to add and subtract integers. Students will utilize number lines, diagrams, and real-
world contexts to ensure a meaningful understanding of adding and subtracting integers as well
as the relationship between the two operations.

Stage 1 — Desired Results
What students will know, do, and understand

Delaware Content Standards

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. CC.7.NS.1

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. CC.7.NS.1a

Understand p + g as the number located a distance |g| 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.

CC.7.NS.1b

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. CC.7.NS.1c

Solve real-world and mathematical problems involving the four operations with rational numbers.
CC.7.NS.3

Big ldea(s)
Rational numbers are a subset of the number system including & beyond whole numbers

Understanding and interpreting rules for adding and subtracting integers is necessary to solve
real-world problems

Number lines and diagrams are important tools to help understand operations with rational
numbers
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Unit Enduring Understanding(s)
Students will finish this unit with an understanding of the relationship between subsets of rational
numbers and will be able to add and subtract fluently with positive and negative numbers.

Students will also have a meaningful understanding of the relationship between addition and
subtraction of integers. When faced with a real-world problem that requires adding and
subtracting positive and negative numbers, students will be able to apply their skills to
successfully solve the problem.

Unit Essential Questions(s)

Why is it important to understand properties and operations involving addition and subtraction of
rational numbers?

How can number lines and diagrams be used to interpret solutions of real-world problems?

What is the relationship between subsets of rational numbers?

Knowledge and Skills

Students will know...

The following vocabulary:
» Rational numbers
=  Counting numbers

= Integers
=  Whole Numbers
=  Opposites

=  Absolute Value

Students will be able to...
= |dentify and describe relationship between subsets of rational numbers
= Compare and order integers on the number line
* Find opposite of an integer and explain what opposite means
= Understand why the sum of opposites is zero
*» Find absolute value of a number and explain what it means
= Add and subtract integers on a number line
= Solve multi-step, real-world problems involving addition and subtraction of integers

Stage 2 — Assessment Evidence

Evidence that will be collected to determine whether or not Desired Results are achieved

Suggested Performance/Transfer Task(s)

Overview:

Weather reporters throughout the world are in desperate need of your help. The computer
program typically used to determine high and low temperatures and to calculate temperature
ranges has been destroyed by a computer virus. Because weather reporters have become so
reliant on technology, they no longer remember how to make the calculations necessary to
determine the temperatures—especially in cold regions. Their public is waiting, they want
information now. The weather reporters need you to research and calculate the temperatures for
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them. They would also be very grateful if you would explain how you arrived at your answers so
they are not helpless should a similar situation happen again in the future.

Requirements:
1. Using the Internet, find the record high and low temperatures for January in Wisconsin or
another state with extreme winter temperatures.
2. ldentify the warmest and coldest temperature for the month.
3. Find the differences between the record high and record low temperatures for each day
of the month
4. Clearly explain procedures used for adding and subtracting integers. Give examples.

Rubric for Performance Task

4 3 2 1
Calculations | All calculations Most calculations | Some Few calculations
are correct are correct calculations are | are correct
correct
Explanation Clearly, Explains Attempts to The student’s
coherently procedures for explain explanation
explains adding and procedures for contains conceptual
procedures for subtracting adding and misunderstandings
adding and integers but does | subtracting
subtracting not use integers but
integers using mathematical explanation is
mathematical language incomplete
language

Other Evidence

Unit Test (attached)

Informal Classroom Observation
Individual/Group Whiteboards
Classroom Discussion

Think, Pair, Share

“Quickwrite”

Daily Exit Ticket

Weekly Quiz

Student Self-Assessment and Reflection

Students will have the opportunity to reflect on their learning at the end of the unit before the unit
test. As part of the reflection, the students will answer the essential questions, will define
vocabulary words, will reflect on concepts which they feel strongest and weakest on, and will
relate concepts in the unit to the real world. The self-reflection will help conclude the unit, and will
also help the teacher to plan appropriate review activities before the test.

Stage 3 — Learning Plan

(Design learning activities to align with Stage 1 and Stage 2 expectations)

Key learning events needed to achieve unit goals

Lesson 1
Obijective: | can identify and describe relationships between subsets of rational numbers
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Resource: Spring Board Middle School Mathematics 2, Unit 1, Activity 1.1
Vocabulary: Counting Numbers, Whole Numbers, Integers & Rational Numbers

1. Hook/Inquiry Activity - Teacher places numbers in a Venn diagram on the board as students try to
determine in pairs how the numbers are grouped. Teacher leads class discussion about how the
numbers are grouped.

2. Direct Instruction- Teacher leads direct instruction on different “groups” of numbers including
counting numbers, whole numbers, integers and rational numbers as students take notes. Students
will add this vocabulary to the interactive word wall in the classroom as well as a personal word
wall in their folder.

3. Guided Practice- Students practice grouping and comparing different numbers through the use of
Venn diagrams, “quickwrites” describing the relationship between numbers, and compare/contrast
with their partner. Teacher walks around to observe and leads classroom in a debrief discussion.

4. Exit Slip- Students are able to identify an example from each subset of numbers discussed and are
able to compare and contrast the similarities and differences between subsets of numbers

Lesson 2

Obijective: | can compare and order integers on the number line
I can connect integers to real world situations
Resource: Spring Board Middle School Mathematics 2, Unit 1, Activity 1.2

1. Warm-Up- Students will place numbers into different subsets of rational numbers

Hook- Pictures & Observations of Death Valley. How are the peaks/canyons of Death Valley
similar to positive and negative numbers?

3. Activity — Students will plot elevations on a number line in order to compare positive and negative
elevations. Students will use the number line to make generalizations about the order of integers
on the number line. Teacher will lead classroom discussion to confirm that all students were able
to draw generalizations. (For example, numbers increase as you go right on the number line, and -
100 is actually less than -50)

4. Guided Practice — Students will compare and order sets of real world integers on individual white
boards

5. Exit Slip- Students will compare and order integers

Lesson 3

Obijective: | can find opposite of an integer and explain what opposite means
I can understand why the sum of opposites is 0
Resource: Spring Board Middle School Mathematics 2, Unit 1, Activity 1.2
Vocabulary: Opposites
1. Warm-Up- Students will compare and order integers

2. Guided Inquiry- Students will plot opposite elevations on a number line. Students will describe
the relationship between the two numbers.

3. Direct Instruction- Teacher will explain what opposite numbers are as students take notes.
Teacher will use a real world scenario with opposites and explain why the sum is zero. Students
will add the word “opposite” to the interactive word wall in the classroom and in their folder.
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Guided Inquiry- Students will be given integer chips and a number line in addition to a guided
inquiry activity. Students will prove using integer chips and a number line that all opposite
numbers’ sum is zero. Teacher will lead classroom discussion at the end of the activity

Exit Slip- Student will think of a real-world pair of opposite numbers and explain why the sum of
the numbers is zero.

Lesson 4

Obijective: | can find absolute value of a number and explain what it means
Vocabulary: Absolute Value

Warm-Up- Give an example of opposites in the real world. What is the sum of opposites? How do
you know?

Direct Instruction- Teacher will explain what absolute value is as students take notes. Teacher
will check for understanding after notes. Students will add the word “absolute value” to the
interactive word wall in the classroom and in their folder.

Activity — Students will be given several different number lines with numbers plotted. They will
have to determine which number on the number line has the greater absolute value. The number
lines will progress from basic integers to more challenging number lines including fractions,
decimals and variables. Teacher will lead classroom discussion on each number line in which
students will need to defend their answers about which number has the greatest absolute value and
why.

Exit Slip- Students will find absolute value of a number, and will also determine the greater
absolute value when given two numbers on a number line

Obijective: | can add integers using a number line
Resource: Resource: Spring Board Middle School Mathematics 2, Unit 1, Activity 1.2

Warm- Up- Find opposite and absolute value of an integer. Explain why your answer is correct.

Activity- Students will think of adding integers in terms of hiking. They will follow rules for
which direction to hike on the number line depending on the sign in front of the number. Students
will roll number cubes to create a problem, and solve the problem using the number line. Students
will then look for patterns to begin understanding rules for adding integers.

Classroom Debrief- Teacher will debrief class on patterns that they noticed and clarify students’
understanding of the rules for adding integers

Partner Practice- Students will apply understanding of adding integers to real-world problems
requiring them to add integers

Independent Practice- Students will independently apply understanding of adding integers to real-
world problems

Exit Slip- Students will solve an adding integers problem using a number line, and will solve a
real-world problem involving integer addition by using the “rules” for adding integers

Obijective: | can subtract integers using a number line
Resource: Resource: Spring Board Middle School Mathematics 2, Unit 1, Activity 1.2
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1.  Warm- Up- Adding integers

Activity- Students will use the number line to find the answer to a problem requiring them to
subtract integers. Students will then figure out how they could represent each subtraction problem
as an addition problem. Students will use patterns to come to the conclusion that subtracting an
integer is the same as “adding the opposite.”

3. Classroom Debrief- Teacher will debrief class on patterns that they noticed and clarify students’
understanding of rules for subtracting integers

4. Partner Practice- Students will apply understanding of subtracting integers to real-world problems

5. Independent Practice- Students will independently apply understanding of subtracting integers to
real-world problems

6. Exit Slip- Students will solve a subtracting integers problem using a number line, and will solve a
real-world problem involving integers using any method of their choosing

Lesson 7

Obijective: | can solve multi-step, real-world problems involving both addition and subtraction of integers
Resource: Resource: Spring Board Middle School Mathematics 2, Unit 1, Activity 1.2

1. Warm-Up- Students will review adding/subtracting integers

Activity- In pairs, students will complete multi-step real-world problems involving both addition
and subtraction of integers. Students will draw out their solution to the problem on a large group
white board. Students will also be given a numerical expression and will have to think of a real-
world scenario to represent that situation. Students will share their answers with the class through
classroom discussion

3. Independent Practice- Students will work on adding/subtracting multi-step integer problems
independently

4. Exit Slip- Students will work on a few problems similar in nature to prove final mastery
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Resources and Teaching Tips
Resources

=  Spring Board Middle School Mathematics 2 Text book

= Teacher created activities, quizzes, and worksheets, as necessary
= Integer Chips & Number lines

= Individual/ Large Group White Boards

=  Number Cubes

Teaching Tips
=  Students may get confused about which direction they should be moving on the number line
when adding and subtracting integers. It is important that the teacher is clear about number line
directions before students begin the activity with adding integers. The teacher may want to
model a few examples before students begin. Similarly, when students begin subtracting
integers, teacher may want to model again how to use the number line to find a difference.

= Students may also begin to confuse adding and subtracting integers if they have not fully
mastered the rules for adding integers before they begin subtracting integers. The teacher should
ensure full mastery of lesson 6 before moving on to lesson 7.

Differentiation

L] During the classroom activities, students will be given optional extension questions if they finish
before the rest of the class

=  Struggling students will be given a chart of rules for adding integers to keep on their desk if
needed

=  Students will work with partners and groups to provide additional support while learning
= Teacher will spend time strategically with groups that require additional modeling and support

= Activities appeal to kinesthetic learners by including hands-on activities with number cubes and
white boards

=  Classroom discussion will benefit auditory learners
=  Visual learners will benefit from the reading and writing in the activities

Design Principles for Unit Development

At least one of the design principles below is embedded within unit design

¢ Universal Design for Learning - the ability to provide multiple means of
representation, expression and engagement to give learners various ways to
acquire and demonstrate knowledge.

This Unit represents integers in a number of different ways to aide students’
understanding. Students learn how to add and subtract integers using integer chips,
number lines, rules that they generate, and also through real-world representations
of integers. The Unit supports different types of learners as described in the
differentiation section above.

Technology Integration

The ability to responsibly use appropriate technology to communicate, solve
problems, and access, manage, integrate, evaluate, and create information
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« 8" Grade Technology Literacy - the ability to responsibly use appropriate technology to
communicate, solve problems, and access, manage, integrate, evaluate, and create
information to improve learning in all subject areas and to acquire lifelong knowledge and
skills in the 21st Century(SETDA, 2003).

Students will interact with technology by using the Smart Board primarily during the Warm-Up.
Students will be called up individually to interact with the Smart Board to show their answer to a
Warm-Up problem or a problem during the classroom activity. Students will also use technology
during the Performance Task. They will need to access a reliable website to obtain weather
information in order to complete the necessary calculations for the task.

Content Connections

Content Standards integrated within instructional strategies

Use of vocabulary, reading and writing is embedded within all of the activities.

The Spring Board Activity on integers is linked to geography since it discusses Death Valley and
other places in the world with high and low elevations. During this activity | show students
pictures of many of the places discussed in the activity to give them a better understanding of the
places mentioned in the activity.
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Name:
Date:

Unit 1 Test: Introduction to Rational Numbers
Adding/Subtracting Integers

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. CC.7.NS.1

1.

Which model represents —5 + 27

. e—
T B e B I B E e e e J
8-7 654 -3-2-1 01 2 3 4
H-|
G [ |
<«~—t—+—+—F+1+—f++—+++1TT+>
8-76-5-4-3-2-101 2 3 4
| |
H = 1
r r e
i B N A N AN E S N N R S
8 -7 65 -4 -3-2-1 0 1 2 3 4
| |
J [* |
T IR e e e e e N B I B B B
8 -7 6 -5 -4 -3-2-1 0 1 2 3 4
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2. Which number line represents the expression (-3)-(-3)2
-—

B T S
A, -10-8-6-4-2 0 2 4 6 8 10
—_—

-

B S e a1
B. -i0-8-6-4-2 0 2 4 6 8 10
—
-
L e ]
C. -10-8-6-4-2 0 2 4 & 8 10

—
——

e
D. -10-8 -6 -4 -2 0 2 4 86 8 10

= MSM I, Unit 1
Which number line represents the expression (—?:l - (—2) ?

¥ (Hide Anwers)

g -10-8-6-4-2 0 2 4 6 8 10
—
-—
S e I I S S ARSI SRR
5 -10-8-6-4-2 0 2 4 6 8 10
—
f—

B T S e I B B B
7 p —10-8-6-4-2 0 2 4 6 8 10

Describe situations in which opposite quantities combine to make 0.. CC.7.NS.1a

4. Describe a situation in the real world where two opposite numbers combine to make 0.
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Understand p + g as the number located a distance |g| 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 O (are additive inverses). Interpret sums of rational numbers by describing real world contexts.
CC.7.NS.1b

5. Shelby made the following deposits and
withdrawals in one month. What was the
overall change in her bank account balance?

-40 +120 -60 +110
+130 -80 +108 -60

-$20
$0
+$228
-$228

oo

6. Which problem could be solved by computing 5+(-11)5

—59F

A. The temperature started at , then it dropped by 11°. What is the new

temperature?

B. The temperature started out at -1 F, then it went up by #°. What is the new
temperature?

C. The temperature started out at ~3°F Two hours later, it was 1°F How
much did the temperature increase?

D. The temperature started at ~5°F Two hours later it was
did the temperature change?

-Tie F. How much

7.

O MSM II, Unit 1 Correlation
Which of the following statements explains why the sum 8+ (=10)+ 16 +(-18)+ (-1 isa
negative number?

¥ (Hide Anwers)

- A. There is an odd number of negative numbers.

- B. There are more negative numbers than positive numbers.

- C. The sum of the negative numbers has a greater absolute value than the sum of the positive numbers.
- D. The number with the greatest value is negative.
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h 0 a

8. On the number line above, the numbers a and b are the same distance from
0. what is a+b? Explain how you know.

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. CC.7.NS.1c

9. Which of the following has the greatest absolute value?
A.-9
B.7
C.-2
D.6

10. Re-write the following subtraction problem as addition, then find the solution.

-15 — 25= + =

11. Ocean water freezes at about —2°C. Fresh water freezes at 0°C. Antifreeze,
a liquid used to cool most car engines, freezes at —64°C.

Imagine that the temperature is exactly at the freezing point for ocean water.
How many degrees must the temperature drop for the antifreeze to turn to ice?

E-149




Solve real world and mathematical problems involving the four operations with rational numbers.
CC.7.NS.3

12.

The low temperature on Sunday was —9°F. The high temperature on Sunday was
14 degrees warmer than the low temperature.

What was the high temperature on Sunday?

Answer of

The low temperature on Monday was 6 degrees warmer than Sunday’s low of —9°F
The low temperature on Tuesday was 3 degrees warmer than Monday’s low. What
was the low temperature on Tuesday?

Show your work.

Answer b

13. The record of expenses and income for this year's jamboree for the
Organized Otters is shown below. The group was trying to raise $150. How much
more money will they need to raise in order to reach their goal? Be sure to show
your work.

Expenses Income
-20 25

-15 40

-45 50

-10 5

-8 25

E-150




solgny
YSel 90uewlo}iad

1S8L HUN
:SIUBLUSSASSY aAlelIWNS

JUBWISSISSY pappaquig

zIn® Apjeapa

19011 ux3 Ajreg

QIIMYIINQ),,

aleys “ured uiyL

uoIssnasIig wooisse|D
SPJEOCaNYAA [eNPIAIPU]
uoIeAIssSqQ WO0ISSe|D |ewdou]
:SJUBWISSSSY aAITew 104

abJe| pue |jewS a1lM Ued |

1001 aJenbs [euonedll
ue JO anjeA ay} arewixoidde ued |

sJaquinu
[eUOITR.II PUE [RUOITRI UB3MIS]
90UBJBLLIP BY) pUBISIBPUN UED |

suolyenba oreigabje
9A|0S 0] $100. 3(NJ pue S}00J
alenbs A|dde pue pueisiapun ued |

sJaquuinu
aAl1efau 10 auo ‘049z ale Tey)
S)UBUOOX8 YIIA LWIO) [enuauodxa
Ul SJ8qUINU 3)eN[RAS UED |

Susuodxa
10 saiuadoud Ajdde pue mouy ued |
'Sjebae] buiuies

éslaquinu
|lews pue abue| Buissaidxa
JoJ nydjay pue Alessadsu
UOITeIoU 141UBIAS SI AYM

¢S1aquINU JO Spuly JUaJapIp
yum Buiom 1oy sainpadold ayy
pueisiapun 03 Juenioduwi 11 st AYM
:suonsang enusssy

Sjusuodxa Jabajul 0]

paljdde uaym jusISISUOI UIRWS)
sdiysuole|al 11ay) pue swalsAs
Jaquinu Jo sanadoud ay |

‘anjeA
arewixoidde ue uanib aq ued
|euoIlel 10U aJe Jeyl SISQUINN

alewnse 01 QT 40 Jamod Jabajul ue sawiy 1bIp
a]6uis e Jo wloy ay1 ul passaldxa siaquinu asn

¢'33°8°DD ‘[euone.ll SI g\ [ 7By} mouD]

'$3QN2 10941ad |[ews 4O S1004 agnd pue sasenbs
19844ad [JewsS JO $1004 a1enbs a1enjeAs “Jagquinu
Jeuones annisod e si d aseym ‘d = Ex pue d

= ¢X WJo} 3y1 Jo suonenba 01 suonn|os juasaidal
01 S|JoquAS 1004 8gn2 pue 100J atenbs asn

133800 'Le/T

= E/T = € = . € x ,€ '9|dwexd 104 'suoissaidxa
|ealiawnu 1uajeAinba ajesausab 01 syusuodxa
J3ba1ul Jo sanuadoud ayy Ajdde pue mouy

Z'SN’8' DD ‘suonewixoadde

Janaq 186 01 uo anuIUo2 01 Moy urejdxa

pue ‘G'T pue {'T Usamiaq Uay] ‘Z pue T Usamiaq

SI ZM1¥ey) MOYS ‘ZM (10 UoIsuBdx® [ewrosp ay)
Buireouny Aq *ajdwexs Jo4 (k1“5 0) suoissaidxa
JO anjeA ay] alewnsa pue ‘weibeip aul|

Jaguunu e uo Ajerewixoidde way 81820 ‘siaquinu
[euoIre.II JO 3ZIS ay] atedw o9 01 Siaquinu
Jeuoneusl Jo suonewixoidde jeuoljel asn

T'SN'8" 2D

*Jaquinu [euoiies e ojul AjjenjusAa syieadas yarym
uolsuedxa [ew193p e LBAUOI pue ‘Aj[enjuans
Syeadas uoisuedxa [ew12ap ay} Jeyl Moys siaquinu
[euoIel o) ‘uoisuedxa [ewidap e sey Jaquinu
AJana 1ey] AJJewiojul pueISIapun feuoiyeli
P3][e0 aJe [euollRl 10U 3Je Jey) SIaqUINU Tey) MOUS

SH99M 9 : auljeWI]
sdiysuone|ay [ealiswny :auQ Nun

SJUBWISSISSY

s1964e] Buluies Juspms
suonsanQ |enuassy

seap| big
1daouo)d 1un

JuswubI|y spiepuels

-1aydea |

g :apelo

pJieogburids :joo] JenoLungd

S|A19 10} AWspedy yoeay :100yds

sonewayle|A 10) Ylomawel wnjnaiIng

E-151



'8 9peJD Ul palinbal 10U sI uoHeIoU UOROUNS |

sougny
yse ] souewWIoIad
1S81 HuN

:SJUBWISSISSY sAllellwns

JUBWISSISSY pappaquig
zIn® Apjeapa

19011 ux3 Ajre@
P»Oumhgvﬂumﬂoi

aleys ‘ired uiyL
uoISSNasIg WooUsse|D
SPJeOCaNYAA [eNPIAIPU]

UOIBAIBSAO WO0ISSL[D [BWioju|

-SJUSWISSISSY aAllew.10H

AJnuapi pue auiep ueg |

suonenba

pue sydeib ‘sajqey ui sutened
Jeauljuou pue Jeaul] Usamiaq
80UBJBLLIP BY) puUBlSIBpUN UED |
'S1ebJe] buiuies |

¢swaqoud pliom [eal Jo SUOIN|os
181dJs1ul 01 pasn aq sdiysuone|al
Jeaui| Jo sydeib ued moH

¢uonouny Jeautjuou
pue Jesul] B UaMIBQ 8oUBJsuIp
3yl SI JeUM pUR SUOIDUNY 18 TeyAA

“SUONSaNQ [eNuassy

SOLIeU3JS

Pl10M-]B3. puUBISIapUN 0} JapJo
ui sydesb pue suonenbas ‘sajqel

ui suonenba Jeaul| 181d1a1u|

sdiysuonejal
Jeauljuou pue Jeaul|

a1edwod pue ayenjeAs ‘suljad

‘aul] ybreans e si ydelb asoym ‘uonouny Jeaul|
e Buruyap se g + xw = A uonenbs ayj 101d131U|

2’4800 "abueyo Jo arel Jaealh

3Y1 Sey uoIauNy YaIym auiwialap ‘uoissaldxas
areigabe ue Aq pajuasaidal uonouny Jeaul|

B pue sanjeA Jo a|qel e Aq pajuasaldal uonouny
Jeaul| e uaalb ‘ajdwexs 104 ‘(suondLiossp
|eqJan Aq Jo ‘sajqel ul Ajjeatsswnu ‘Ajjeaiydelb
‘Alrearelqabe) Aem jualaplip e ul pajuasaldal
yora suonouny om] Jo saiuadoud aredwo)

7'4'8"0D ;' Indno uipuodsa.100 ay3 pue indul ue
J0 Bunsisuod sired palapJo 4O 18s 8yl SI uonauny

e Jo ydesb ay1 ‘indino auo Ajpoexa indul yoes

01 suBIsse eyl ajnJ e SI Uo1dUN B 1eY) pULISISpUN

SH99M g sauljaWi]
suolrenb3 Jeaur] 79 suondun :0M] 1uUn

UoIje10U J1J1IUBINS
ul slsquinu Y axesado ueo |

sannuenb [rews Aan 1o abue)
AJBA JO SlusWaINSeaW 1oy azIs
alelidodde Jo s)uNn 8s00y9d UL |

UOIIBIoU D1J11UBIDS Ul SIaquinu

¥'33'8°00

‘ABojouydsy Aq parelausb usaq sey eyl

uoneiou 21411ua19s 194diau) (Bulpealds 1oojjeas
10} Jeak Jad sia1awijiw asn ““Ba) sannuenb

l1ewss AJaA 10 abie] AJaA JO SjuswiaINSeaW 10y 9ZIS
alelidoidde Jo s1IUN 3SO0YD pUB UOIIRIOU J1J1IUBIOS
3SM "Pasn aJe UOITLIOU J1J1IUSIIS PUB [eWIdap Ylog
alaym swiajqoad Buipnjoul ‘uoneIou J1411UBIAS

Ul passaldxa siaquinu Ylim suonetado wiojlad

€33'8°00

“1eb.e| sawn oz uey) aiow si uonejndod priom
3 Yey} auIwLIRIap pue ‘0T x / Se plJom sy}

Jo uoirendod ay pue (0T x € Se sa¥els pauun
ay1 Jo uonendod ay arewlss ‘ajdwexs 104
"JaY10 ay1 UBY} SI BUO YIaNnw Se Sawl Auew moy
ssaldxa 0] pue ‘sanuenb jjews AiaA 1o abie| A1an

SIUBWISSISSY

s19b4e] BuluaesT Juspms
suonsang |enuass3y

seap| big
1daouod 1un

1uBWUBIY spiepuels

E-152



swal a1 Buluiquiod
Jo Ausdoud aAnngrisip anjoAul
Tey1 suonenba Jeaul| 8A|0S Ued |

suoinjos Auew Ajsyunui
10 SUONN|OS OU ‘U0IIN|OS BUO
Y1Im suolzenba Jeaul| anjos ued |

g+Xw=A w.oy
3y} ul suolyenbs Jeaul| 81LIM U |

wsajqoud

3yl JO 1Xa1u09 3y} ul Burueaw
11 124dJa)Ul pue UOIIOUNY JeauI|
€ JO anjeA [eniul sy} pul) ued |

wsajqoud

31 40 1Xa1u09 ay1 u1 adojs ayy
181dJ33U1 pUR UOIIOUNY JBBUI| B JO
adojs Jo abueyd Jo ajel puly ued |

suonouny aJe 1ey) sdiysuone|al

3]gelieA auo Ul suoljenba Jeaul| Jo sajdwexs anlD

9'33°8"DD ' 1€ SIXe [eJILIBA 8y}

Bundaaiaiul aul| e 1oy g + xw = A uonenbas ay) pue
uibiio ayy ybnoaya suij e 1oy xw = A uonenbs ay)
aALIBp ‘aue|d a1euIpJo09 aY] Ul aul| [edI1JaA-uou

e UO sjulod 19UnSIp 0M] AU U3aM1ag awes auy Si
w adojs ay1 Aym urejdxa o1 sajbuels Jejiwis asn

G'33'8' DD "paads Jarealb sey s10alqo

Buinow oM JO Yyd1ym sulwIBIap 01 uoienba
awn-aourisip e 01 ydeab swin-soueisip e aredwod
‘g|dwexa 104 ‘sAem Juaiapip ul pajuasaldal
sdiysuone|a. jeuoiniodo.d jualapip oml

aledwo) ydelb ayy Jo adojs ay3 se a1el 11un ay)
Bunaidiaui ‘sdiysuonejas reuoniodoid ydeio

G'4'8"00 "AlleqJan paquiosap usaq sey ey
uoIIdUN} € JO Saineay aAlIelenb ayl SHgIYXa 1ey)
ydeub e y2eys *(Jeaurjuou Jo Jeaul| ‘Buisealdsp
10 Bulsealoul s1 uonauny ayy alaym “Ha) ydesb e
BuizAjeue Aq sennuenb omy usamiaq diysuone|al
Jeuonouny ayl AjpAnelnjenb aquosaQg

¥'4'8"0D "sanjeA Jo 8|qe)

® 10 ydeub s JO SwJa) Ul pue ‘sjppow 11 Uoirenlis
3y JO SWL.s] Ul UOIIoUNy Jeaul] © 4O anjeA [enlul
pue abueyd Jo a1es ay) 12idasiu) "ydeb e wouy 1o
3]qe1 e wody asay) Buipeal Buipnjoul ‘sanjen (A ‘X)
0M] woJ) Jo diysuoneal e Jo uondLiosap e wolj
uoII9UNy Y3 JO aNJeA [elIUI pue abueyd Jo dlel ay)
aulwla1e "sannuenb oml usamiaq diysuoliejal
Jeaul| ® [3pow 01 UOIIdUNY B 19N1ISU0D

€'4'8°00 "aul|

1ybrens e uo Jou are yaym ‘('e) pue ('z) (1'1)
syulod ayj surejuod ydeub s asnedaq Jeaul|

jou SI y1Bus| apIs SH Jo uonouny e se alenbs

© Jo eaJe ay) Buinlb ,s = v uonouny ay) ‘sjdurexs

104 "Jeaul| Jou aJe eyl suonoauny Jo sajduwrexa anib

SIUBWISSISSY

s19b4e] BuluaesT Juspms
suonsang |enuass3y

seap| big
1daouod 1un

1uBWUBIY spiepuels

E-153



SoLgny

Yse] aJuew.ioliad

1591 MuN

.SJUBWISSISSY aAllewlwNg
JUBWISSISSY pappaquig
zIn® Apjeapa

19011 1ux3 Ajreg
QIIMNIINQ),,

aleys ‘ired uiyL
uoISSNaSI WooUsse|D
SPJEOCaNYAA [eNPIAIPU]
UOI1eAISSQQ WOO0USSeID [ewlloju]
-SJUBWISSASSY aAIzew. 104

AJjeareigabie suonenba
Jeaul] JO SWaIsAS aA|0S URD |

Buiydesb Aq suoirenba
Jeaul] Jo SWaIsAS an|0S Ued |

elep 81elIRAIQ 8y} ute|dxs Jenaq
01 11 3Sn pue aul| pual) e MeJp ued |

10]d 4311805 ® Buisn elep
d1elIeAIq 124dJ8JUl pUB 103]|03 UeD |
'SjobJe] buiuies |

¢swiajgoad priom
-|eal aAj0s 01 sn djay suolenba
O SWia1sAs BuIA|oS Saop MOH

¢195 e1ep ajeueAlq e 1aidiaul
01 sn djay aul| puai e ued MoH
"Stonsang [enuassy

elep alelIRAIq
Ul spuaJy azAJeue pue agliosap
‘AJIsse|d djay 01 suoienba
Jeaul] Jo abpajmouy Ajddy

Swia|qold 8Aj0S pue suolenys
8zA[eue 0] pasn aq ued aul|

e Jo adojs Jo Buipuelsiapun Jiay)
pue ‘suonauny Jeaul] ‘suoienba
10 swiasAs ‘suonenba Jesul

0S[e Ued UOIeId0SSE JO suJaned 1eyl pueisiapun

€'dS'8"0D "Wb1ay jueld ainjew

Ul W G'T [euonIppe Ue YlIM pajeldosse si Aep
yoea 1ybijuns Jo anoy euoiiippe ue eyl buiuesw
Se Jy/wo G'T Jo adojs e 194diaul ‘uawiadxe
ABojolq e 10} [apow Jeaul| e ul ‘ajdwexs

104 "1daaJaiul pue adojs ay1 Bunaidiaul ‘vlep
1UBWAINSEaW d)eLIBAI] JO 1X3)U0J 3y} Ul swajqo.d
3A|0S 01 |[apow Jeaul| e Jo uonenbas ayl asn

2'dS’8'0D aul 8yl 01 sjulod eyep ay} 4O SS8Uas0|d
ay1 Buibpnl Ag 114 [apow ay) ssasse Ajjew.oul
pue ‘aul] ybreas e 11y A|Jewiogul ‘uoIreId0sse
Jeaui| e 1sa66ns 1ey) s101d 1811e3S 10 "S3|qRlIRA
anneluenb omy usamiaq sdiysuone|al |spouw
01 pasn Ajapim aJe saul| ybiress 1eyl mouy
T°dS'8'DD "UOIIRID0SSE Jeauljuou

puUe ‘UOITRID0SSE Jeaul] ‘uo11eId0SSe aAlrefsu

10 aAnisod ‘siaifino ‘BuisIsn|o se yans suisied
811958 "sannuenb 0Mm] UsaMIBQ UOIIRII0SSE

J0 susaned a1ebiisanul 01 Blep 1usWaINseaw
alelieAlq Joy s1o1d 1811eas 18idisiul pue 19n1suo)

suol

1enb3 Jo SWalSAS 79 v1eq S1RIIRAI

S399M g :auljawl |
g -suonenb3 aeaul Jo suonedljddy s34yl 1un

g.'33°'8"DD "swis) |

Bunoa|jod pue Auasdoid sanngriasip ayr Buisn
suoissaldxa Buipuedxa alinbai suonnjos
asoym suonrenbas Buipnjoul ‘Slus1dIa09
Jaguinu jeuories yum suorenba Jeaul| aA|0S
©/'33°'8"DD ‘(SIaquinu Juslayip aJe g pue
B aloym) S)nsai g = I0 ‘e = e ‘B = X W0}
ay1 Jo uonenba jusjeainba ue [1un ‘swioy
Jajdwis ojuir uonenba uaAlb ayy Bulwiojsue]
AJ9A1ss32ans Ag ased ays sI sanijigissod
859y} JO YIIYM MOYS 'SuoIINjos ou Jo
‘suonn|os Auew Ajaiuiyul ‘UonN|os auo yim

SIUBWISSISSY

s19b4e] BuluaesT Juspms
suonsang |enuass3y

seap| big
1daouod 1un

1uBWUBIY spiepuels

E-154



suolrenba Jo swaisAs Buisn
Swia|qold plaoMm [eal BA|0S UeD |

28'33'8'DD Ared puodas

ay1 ybnouayy aul| sy s10asaa1ul syutod Jo ared 1s41y
ay1 ybnoauyy aurj syl Jay1aym aulwialep ‘syutod
Jo sared om] 1oJ Sa1eulpao02 UaAIb ‘ajduwrexs 104
"S3|qelIeA OM] Ul suolrenba Jeaul] om] 01 Buipes)
Swia|qoJd [eanewaylew pue plIoM-|eal aA|0S

gg8'33'8'DD "9 pue G ag A|snoauel nwis

J0uueRd AZ + XE 8sneIsq UOIIN|OS OU ARy 9 =

Kz + Xg pue G = Az + Xg ‘ajdurexa 104 "uondadsul
Aqg sased ajdwis aAj0S ‘suolrenba ay) Bulydesb Aq
suoIIN|0S aJew1sa pue ‘Ajjedreiqabe sajqelieA
OM] Ul suolenba Jeaul] 0M] JO SWaISAS aA|0S

©g'33°8' DD 'A|snoaueljnwis

suolyenba y1oq AJsiies uoidasiaiul Jo suiod
asneoaaq ‘sydelb 118y JO uoI19asIA1UI JO Swulod
01 puodsali09 Sa|qelLIeA 0M] Ul suolyenba Jeaul|
O] JO Wa)SAS B 01 SUOIIN|OS JeY] purISIapun

8'33'8'0D 'suonenbs
Jeaul| snoaur)|nwis Jo sired aA|0S pue azA[euy

7°'dS'8' 0D ¢ésaloyd

aAeY 0] pud) OS|e MBJINJ B 3ABY OYM 3S0yl 1eyl
30UBPIAG 843U} S| "BWOY Je saioyd paubisse aney
Aay1 10U 10 Jayraym pue sybiu [00YIS U0 MaLINI
e aney Asy) 10U 10 J8Ydaym Uo Ssejd anoA ul
SIUSPNIS WOJJ B1ep 193]]02 ‘ajdwexs 104 "sa|geLien
OM] 31 U9aMI3( UoIreId0sse 3]qissod aq1iasap

0] SULINJ0J 10 SMOJ 10} Palejnajed salouanbaly
dAIR|a) 3s "s10algns awes ay) WoJ) palds]|od
sa|qeLieA [ealioba1ed oM uo erep Bulziewwns
a]qe) Aem-0oM] e 181dJ81ul pue 1on4Isuo) ‘a|qel
Aem-0Mm] e Ul S819UaNbaly aAIe|al pue salouanbaly
BuiAe|dsip Aq e1ep [ealiobaled ajelieAIq Ul UBSS 8]

SIUBWISSISSY

s19b4e] BuluaesT Juspms
suonsang |enuass3y

seap| big
1daouod 1un

1uBWUBIY spiepuels

E-155



)Se] aJuew.loliad

1S3 HuN
-SIUSLUSS8SSY dANRLLIWNSG

JUBWISSISSY pPappaquig

zIn® Ao

19011 ux3 Ajre@

IO,

aleys ‘dred uiyl

uoISSNISI Wo0Usse|D
SpJeOgaNyYAA [eNPIAIpU]
UOIleAIasSqQO WOo0Usse|D |ewldojul
-SJUBWISSISSY aAllew.10H

saunBiy Jejiwis ul
so|Bue pue sapis Bulssiw puly ues |

Jejiwis aJe sainbiy
Aym urejdxa pue Agnuapi ued |

ainBiy e Bulwiosuen
0 S198)J8 a1 8qIIoSap UeI |

pub
81eUIPJ00I 8y} UO Saunbiy ale|Ip
pue ajejsueJ) ‘109}Ja4 ‘a1e10J UBD |

31BueLn e Jo sajbue JoLaIxa
pUE J0LI8IUI JO WNS 38U} pulj Ued |

[esJansuel] ® Aq 12 saul|

[9]je4ed uil sajbue Buissiw puly pue
sdiysuonejal ajbue Agnuapi ued |
'S]9bJae] buiuIea|

¢saul] [ojeted ui pue
sa1Buer] ul 1sIxs Jeyl sdiysuoneal
9]16ue anoud am ued MoH

¢swiajqoad ppiom

-Jeal BulAjosS Il [nyasn Aay ale
MOY pUe SUOIIBWLIOJSURI) BJ8 TeUM
-SUONSaNQ [enuassy

3IeMY0S
Andwoab Jo ‘sarouatedsueiy
‘sjapow [eaisAyd Buisn Ajrejiwis
pue 82uanIbuod puelisiapun

swajqo.d pjaom-jeal

dA|0S pue sainbiy [euoisuswip
-0M] 3zZAJeue pue aqLIosap

0] SUOIIR|Ip pue ‘SUOIId8|4al
‘SUOIILI0. ‘suolje|sue.)

Japun aAeyaq Aay1 moy ‘sajbue
pue 32UBISIP IN0Qe Seapl asn

abue.aie ‘ajdwexa 104 ‘sajbueLy Jo AlLe[IWIS 10}
uoLIaLIo a|bue-ajbue ay) pue ‘Jesiansue.) e Aq 1no
aJe saul| |a]jeed usym pajealo ss|bue ay) Inoge
‘so|Bueli] Jo aBue J01IBIXa pue wns ajbue ay)
1noge S19e) Ysi|geiss o1 sjuswnbie few.iopul asn

79800 ‘Way;

Usam1aqg Auejiwis ayr sugryxa Jeys aousnbas

® 8g149S8p ‘sanbly [eUOISUSWIP-0M] JB|IWIS

OM] UBAID {suoiejip pue ‘suolje|suel] ‘suoids|ial
‘suoIe104 Jo aduanbas e Aq 1S11) 8Y) WOy
pauleIgo 8Q UBD PU0IBS BY3 41 JBYIOUE 0] JejIWIS
SI ainBiy [eUOISUBWIP-0M] B JeY) pUBISIapUN

£'9°'g'DD "SareUIPI009 Buisn sainbiy
[2UOISUSLUIP-0A] UO SUOID8]Ja] PUE ‘SUOIILIO)
‘SUOIIR[SUE.) ‘SUOIIR|IP JO 103448 aU) aqLIasad

2'9'8'DD "Wayl usamiaq aouanibuod

Ayl s1qIyxe 1.yl aouanbas e 8qIasap ‘sainbiy
1uaNJBU0d 0M) UBAID ‘Suolle|SURI) pUR ‘SUOIII3|J3I
‘SUOIIeI0J JO 8ouanbas e Aq 1S114 Y WOJ) paulelqo
30 Ued pu0das ay} J1 Jayloue o} Juanibuod

SI aInB1y [eUOISUBWIP-0M) B 1Y) PUBISIBpUN

1’9800
"saul| [a]esed 01 uaxe) aJe saul| [3|[esed

qr'o'8’ 00

"aInseall awes ay1 Jo sajbue 0] uaxel aJe sajbuy
eT'9'8' DD "Yibua| swes ay) Jo syuswbhas

aul] 01 S)UBWBAS aul| pue ‘saul| 01 UaXe] aJe Saul]

1'9'8'DD :Suolie|surJ] pue ‘SuoinIs|sal
‘suoljelol Jo saiuadoud ayy Ajjeiuswiiadxas AJLUBA

SYoaM / auljawi]

suonew.Jojsued ] 79 sdiysuone|ay ajbuy :4no4 1un

SIUBWISSISSY

s19b4e] BuluaesT Juspms
suonsang |enuass3y

seap| big
1daouod 1un

1uBWUBIY spiepuels

E-156



yse] aouelllo)lad

1S8L HUN
-SIUSLUSS8SSY dANRLIWNSG

JUBWISSISSY pappaquig

zIn® Apjeapa

19011 ux3 Ajreg

QIIMYIINQ),,

aleys ‘ired uiyL

uoISSNISI WooUsse|D
SPJEOCaNYAA [eNPIAIPU]
uoIeAIssSqQ WO0ISSe|D |ewlou]
ISJUBWISSSSY aAITew. 104

awn|oA
pue Bale 828LINS 1038 SUOISUsWIp
ul sabueyd moy ule|jdxa ueg |

salayds pue siapul]Ad ‘sauod Jo
3WN|OA pue BaJe 398LINS puly URJ |

w09y uealobeylAd anoid ued |

ainbiy
a-¢ e ui syibuaj Buissiw puly 01
waioay | uealobeylAd Ajdde ued |

aue|d 81euIpJ00d ay) Lo
slul0d 0M] UsaMIaq a9uUrISIp puly 0]
waJloay] uealobeyifd Ajdde uea |

3|buern

1ybu e ur y1buaj apis Buissiw
pulj 0] waloay ] uealobeyiAd
Ajdde pue pueisiapun ued |
'S1ebJe] buiuies|

¢BWNJOA pue ‘eale ade)Ins
‘eale 103)Je ainb1y J1118W0a6 ©
JO suoIsuawip ui sabueyd op MoH

¢sainb1y [euolsuawip sy pue
oM Ul suyibus] umoudun puly djay
wia108y| uealobeylAd syl ued MoH

“SUONSaNg) [enuassy

saseq [a]eJed pue

‘aseq ‘ybiay se yans ainbiy ay)
O SJuaWaJINSeaw 1aylo Uuo paseq
SI saInb1y [euoIsuawIp-2a.y}

JO BWINJOA pUR BaJR 328eLINS

y1bus| umouxun

3Q119S8p pueR puly 0} pasn

aq ued ‘ajbuern 1ybu e Jo syibus|
apIs usamiaq diysuoire|al [eldads
3yl ‘waloay ] uealobeyiAd ayl

6'9°'8'DD "swajgoid [eaneWaYeW pue PlAoMm
-|eal aA|0S 0] Wiay) asn pue salayds pue ‘siapuljho
‘SaLI0J JO SAWINJOA 8y] 10J SBINWIOY 8] MOUS
8'9'8"DD "WalsAs

9]eUIPJ00J B Ul Sjulod 0M] UsaMIag aourIsIp

ay] puly 01 wialoay] uealobeyifd ayl Ajddy

L'9'8'DD "suolsuswip aa4y)

pue 0M] Ul Swajgoud [eallewaylew pue plaom
-JeaJ ui ssjbueri ybu ul syibus| apIs umouxun
aulwJa1ap 01 waloay] uealobeylAd ayl Ajddy

9'9'8"DD '8SI8AU0I S)
pue waloay L uealofeyiAd ays 4o Jooud e urejdx3

S$>99M 9 IauljaWI]

AJ118W099) [eUOISUBWIQ-E % W10y | uealobeylAd :aAld 1UN

§'9'8' DD '0s sI siy}

Aym sjestansuel] Jo swa) ul Juswnbie ue anIb
pue ‘aul| e w.oj 01 saeadde sajfue aaiy) ay) Jo
wns ay 1eys os ajbuely awes ay) Jo saldod aaay)

SIUBWISSISSY

s19b4e] BuluaesT Juspms
suonsang |enuass3y

seap| big
1daouod 1un

1uBWUBIY spiepuels

E-157



Delaware Model Unit Gallery Template

Unit Title: Numerical Relationships

Designed by: Caroline Strunk

District: Thomas Edison Charter School, used with permission by the Reach
Academy for Girls

Content Area: Mathematics

Grade Level(s): 8" Grade

Summary of Unit

This Unit allows students to explore, understand, and compute with different types of numbers.
Specifically, students will work with irrational and rational numbers, humbers in exponential form,
and numbers in scientific notation. Although students may have had exposure to some of these
number forms before, concepts such as irrational numbers will be completely new. As students
work through the unit they will gain an appreciation for where these numbers appear in the real
world as well as why it is helpful to express numbers in various forms.

Stage 1 — Desired Results
What students will know, do, and understand

Delaware Content Standards

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.
CC.8.NS.1

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., 7). For example, by truncating the decimal expansion of( V2, show that[ V2 is between 1
and 2, then between 1.4 and 1.5, and explain how to continue on to get better approximations.
CC.8.NS.2

Know and apply the properties of integer exponents to generate equivalent numerical
expressions. For example, 3% x 3° = 3% = 1/3%* = 1/27. CC.8.EE.1

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! N2 is irrational. CC.8.EE.2

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 x 10° and the population of the world
as 7 x 10°, and determine that the world population is more than 20 times larger. CC.8.EE.3

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.
CC.8.EE.4
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Big Idea(s)
Numbers that are not rational can be given an approximate value.

The properties of number systems and their relationships remain consistent when applied to
integer exponents.

Unit Enduring Understanding(s)

At the end of this unit, students will be able to understand and operate with rational/irrational
numbers, numbers in exponential form, and numbers in scientific notation. Furthermore, students
will be able to explain where numbers in these forms are often found in the real world, and why it
is helpful to write numbers in various forms.

Unit Essential Questions(s)

Why is it important to understand the procedures for working with different kinds of numbers?
Why is scientific notation necessary and helpful for expressing large and small numbers?

Knowledge and Skills

Students will know...
The following vocabulary:
e Exponent

e Base

e Rational Numbers

e Irrational Numbers

e Scientific Notation

Students will be able to...

Know and apply properties of exponents

Evaluate numbers in exponential form with exponents that are zero, one, or negative
Understand and apply square roots and cube roots to solve algebraic equations
Articulate the difference between rational and irrational numbers

Approximate the value of an irrational square root

Write small and large numbers in scientific notation

Choose units of appropriate size for measurements of very large or very small quantities

e Operate with numbers in scientific notation

Stage 2 — Assessment Evidence

Evidence that will be collected to determine whether or not Desired Results are achieved

Suggested Performance/Transfer Task(s)

On May 15, 2005, a group of volunteers met in Las Vegas to create what would become the
world’s largest cake. In order for the cake to qualify for the Guinness Book of World Records, it
had to meet the following qualifications:

e Contain traditional ingredients in the correct proportions
e Be prepared in the same manner as a normal-sized cake
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e Be prepared according to appropriate hygiene standards and
e Be totally edible and safe to eat

To create the world’s largest cake, the organizers had to begin with a recipe for one cake and
scale the ingredients accordingly. A sample recipe for one cake is shown below.

2 cups flour

1 1/3 tablespoon baking powder
Y4 teaspoon salt

2/3 cup sugar

2 eggs

¥ cup milk

4 teaspoon vanilla

1. |If avolunteer prepared for 15 cakes, determine the amount of sugar and milk needed.

2. Are the amounts of the ingredients used rational or irrational numbers? Explain your
reasoning.

3. The finished cake weighed in at 130,000 pounds, breaking the world record of 128,000
pounds.

a. Express each of these values in scientific notation

b. Explain the process you would use to find the product of the numbers in scientific
notation.

4. If cake A weighs 3 x 10° ounces and cake B weighs 7 x 10’ ounces, how many times as
heavy as cake A is cake B?
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Rubric for Performance Task

4 3 2 1
Calculations All calculations Most Attempts Few calculations
are correct calculations are | calculations but | aré correct
correct with one | makes more
exception than one
mistake
Explanation Explanations are | Explanations are | Attempts to The student’s
clear, concise clear and explain but explanations
and use concise explanations are | contain conceptual
mathematical incomplete misunderstandings
language

Other Evidence

e Informal Classroom Observation
e Individual/Group Whiteboards

e Classroom Discussion

e Think, Pair, Share

o “Quickwrite”

o Daily Exit Ticket

o Weekly Quiz

e End of Unit Test (attached)

Student Self-Assessment and Reflection

Students will have the opportunity to reflect on their learning at the end of the unit before the unit
test. As part of the reflection, the students will answer the essential questions, will define
vocabulary words, will reflect on concepts which they feel strongest and weakest on, and will
relate concepts in the unit to the real world. The self-reflection will conclude the unit, and will also
help the teacher to plan appropriate review activities before the test.
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Stage 3 — Learning Plan

Design learning activities to align with Stage 1 and Stage 2 expectations

Key learning events needed to achieve unit goals

Lesson 1

Objective: | can apply the properties of exponents
Resource: SpringBoard Middle School Math 3
Vocabulary: Exponent, Base

1. Hook: Students will read the riddle “As | was going to St. Ives” and start discussing
possible answers to the riddle.

2. Activity: The riddle leads into a discussion of exponents. The teacher will review the
meaning of exponent and base and students will post the words on the interactive word
wall. Next, students will review writing exponents in expanded form, exponential form and
standard form. Following this review, students work on a guided inquiry activity leading
them to understand the properties of multiplying two numbers in exponential form,
dividing two numbers in exponential form, and multiplying a power by another power.

3. Classroom Debrief: Teacher will lead classroom discussion to ensure that all students
understand the properties of exponents.

4. Independent Practice: Students will apply rules independently
5. Exit Slip: Fink check to assess mastery

Lesson 2

Objective: | can simplify numbers in exponential form with exponents including zero and negative
numbers.

1. Warm-Up: Students will apply properties of exponents

2. Activity: Students will work in groups of three on a guided inquiry activity in which they will
discover why a number raised to the power of 0 is one, and will learn that a number
raised to a negative exponent is a fraction. The teacher will lead a classroom debrief
discussion to ensure that all students understand the concept.

3. Guided Practice: Students will work on individual white boards to complete problems
involving exponents with zero and one while also applying properties of exponents
learned in Lesson 1.

4. Exit Slip: Students will complete a few problems to assess final mastery

Lesson 3

Objective: | can explain square roots and cubed roots as the inverse of squaring and cubing
| can solve algebraic equations involving squares and cubes

1. Warm-Up: Apply properties of exponents, review how inverse operations are used to
solve equations

2. Direct Instruction: Teacher will talk about inverse operations used in algebra to undo
multiplication or addition, and will explain that the inverse operation of squaring a number
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is taking a square root. Similarly, the inverse operation of cubing a number is taking the
cube root. Teacher will model several problems on the board showing how to solve
algebraic equations by using square roots and cube roots.

3. Guided Practice: Students will work on white boards to find the solution to an equation
such as x°= 25. Teacher will include some rational and irrational answers, and ask
students to make observations about the answers as a precursor to the next lesson on
rational/irrational numbers.

4. Independent Practice/Exit Slip: Students will practice independently and complete a few
problems to assess final mastery.

Lesson 4

Objective: | can articulate the difference between rational and irrational numbers
Resource: SpringBoard Middle School Math 3
Vocabulary: Rational and Irrational Numbers

1. Warm-Up: Solve algebraic equations using square roots and cube roots

2. Hook: A piece of paper can theoretically be folded an infinite number of times. This will
lead to a discussion about irrational numbers.

3. Direct Instruction: Teacher will discuss the difference between rational and irrational
numbers. Students will add rational and irrational numbers to the interactive word wall.

4. Guided Practice: Students will take turns coming to the interactive SmartBoard to classify
numbers as “rational” or “irrational.” Students will need to explain their thinking to the
class as they make their decision.

5. Independent Practice: Students will classify numbers as rational or irrational and explain
their thinking.

6. Exit Slip: Students will complete a few problems to assess final mastery.
Lesson 5

Objective: | can approximate the value of an irrational square root
Resource: SpringBoard Middle School Math 3

1. Warm-Up: Students will articulate the difference between rational and irrational numbers
and give an example of each

2. Guided Inquiry Activity: Students will work through a guided inquiry activity in which they
will learn how to estimate the value of an irrational square root by using perfect squares.
Teacher will monitor the groups and assist as needed. After approximating the value of
the square root, students will plot the values on a number line.

3. Guided Practice: Students will work on white boards to practice approximating the value
of a square root and representing the number on the number line.

4. Independent Practice/Exit Slip: Final practice and final check for mastery
Lesson 6
Objective: | can write small and large numbers in scientific notation

Resource: SpringBoard Middle School Math 3
Vocabulary: Scientific Notation
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1. Warm-Up: Approximating values of irrational square roots

2. Direct Instruction: Teacher will introduce scientific notation as a way to simplify numbers
that are very large or very small. Students will add the word scientific notation to the
interactive word wall. Teacher will model that scientific notation involves multiplying a
number by factors of 10 and model an example.

3. Guided Practice: Students will convert numbers form standard from into scientific notation

4. Guided Inquiry: Students will discover how scientific notation is represented differently for
large numbers and small numbers by comparing and contrasting numbers in scientific
notation in a table. Students will draw conclusions from the activity to learn how to write
small numbers in scientific notation. Teacher will lead a quick classroom discussion to
ensure that all students have reached this generalization.

5. Independent Practice: Students will practice converting large and small numbers to
scientific notation

6. Exit Slip: Final check for mastery

Lesson 7

Objective: | can choose units of appropriate size for measurements of very large or very small
guantities

1. Warm-Up: Converting numbers in scientific notation

2. Activity: Students will explore the scale of the Universe Applet online
(http://www.newgrounds.com/portal/view/525347) and will complete corresponding
activity. Students will investigate and record the sizes of various objects and planets in
the Universe, taking special note of the units used to measure those objects. Based on
the investigation, students will need to predict the sizes of other objects and defend why
their prediction is accurate. Teacher will lead a classroom discussion to debrief
predictions and make sure that student thinking is reasonable.

3. Independent Practice/Exit Slip: Students will predict an appropriate size and
measurement for objects and defend their reasoning.

Lesson 8

Objective: | can multiply and divide numbers in scientific notation
Resource: SpringBoard Middle School Math 3

1. Warm-Up: Choosing a reasonable unit measurement for real-world objects, review of
commutative property & properties of exponents

2. Activity: Students will work on an inquiry-based activity that guides students to
understand how to multiply numbers in scientific notation based on the commutative
property and properties of exponents. Students will also build on knowledge of properties
of exponents to learn how to divide numbers in scientific notation. Teacher will lead a
debrief discussion to ensure that all students understand how to multiply and divide
numbers in scientific notation.

3. Guided Practice: Students will work on white boards to practice multiplying and dividing
numbers in scientific notation

4. Independent Practice/Exit Slip: Individual practice and final check for mastery
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http://www.newgrounds.com/portal/view/525347

Resources and Teaching Tips
Resources

= Spring Board Middle School Mathematics 3 Text book

= Teacher created activities, quizzes, and worksheets, as necessary
= Scale of the Universe Applet

= SMART Board

» Individual/Group White Boards

Teaching Tips

» |tis important when teaching scientific notation that students understand that scientific
notation is another way to write a number multiplied by factors of 10 repeatedly. This is
important so that students do not get caught up in “tricks’ of converting scientific notation
while lacking a conceptual understanding.

= Some students may have knowledge gaps in their understanding of measurement.
Therefore, it may be necessary to review basic units of measurement before beginning
Lesson 7.

Differentiation

= During the classroom activities, students will be given optional extension questions if they
finish before the rest of the class

= Students will work with partners and groups to provide additional support while learning

= Teacher will spend time strategically with groups that require additional modeling and
support during guided inquiry activities

= Classroom discussion will benefit auditory learners

= Visual learners will benefit from the reading and writing during the activities

= Kinesthetic learners will benefit form the paper-folding irrational numbers activity, and the
online investigative activity

Design Principles for Unit Development

At least one of the design principles below is embedded within unit design
21° Century Learning

This unit focuses on teaching students primarily through guided inquiry lessons. The lessons
require students to construct their own understanding by beginning with prior knowledge and
completing scaffolded questions to come to a new understanding. Students then apply what they
learn to new questions and situations in the independent practice. A strong emphasis on guided
inquiry requires students to be active learners throughout class in addition to working
cooperatively with classmates.
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Technology Integration

The ability to responsibly use appropriate technology to communicate, solve problems, and
access, manage, integrate, evaluate, and create information

Technology is integrated throughout the unit in different ways. First, students will interact with the
SMART Board during the warm up each day as we review the warm up problems. Students will
also have the opportunity to interact with technology during the guided practice in Lesson 4 as
students learn the difference between rational and irrational numbers. Finally, in order to learn
about appropriate units of measurement, students will explore an online applet about the relative
size of objects in the universe.

Content Connections

Content Standards integrated within instructional strategies

Use of vocabulary, reading, and writing is embedded within all of the activities.

Students will learn about science as we discuss scientific notation. For example, in order for
students to conceptualize small numbers in scientific notation we will talk about cells, and we will
talk about the size of planets in the universe in order for them to conceptualize large numbers in
scientific notation.
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Name:
Date:

Numerical Relationships- Unit 1 Test

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.
CC.8.NS.1

1.

Which of the following is not a rational number?

0.75
0

15

X 6

\-". 4
J

2. Decide whether each of the following numbers is rational or irrational. If it is rational, explain
how you know.

d. 0.333. c. m=3.141592...

~N| =

b. V2=1.414213... d. =0.142857
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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.
[17%). For example by truncating the decimal expansion of( N2 show that/ V2 is between 1 and 2
then between 1.4 and 1.5 and explain how to continue on to get better approximations.
CC.8.NS.2

3.

Which of the following lists is in order
from least to greatest?

=
4

ed

<

s By
3. ;

<
|

o nw e
[ N

A

LI

-’—\_
Lpd|
b= |

Between which two whole numbers is -/33 ?

F 32and34
G 16 and 17
H 6and?
J 5andé6

5.

Which of the following inequalities
1= true?

A N3

e | &
B. Jo ==
C. 5 =2
D /6 = 3
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Q R S T
- t—t—>
54-3-2-1 0 1 2 345

Which of the following could be the label for {13 on the number line above?

v (Hide Answers)

S A@
B. R

5 ¢ 8§

¥ o p. T

Know and apply the properties of integer exgonents to generate equivalent numerical
expressions. For example, 3> x 3° = 3° = 1/3° = 1/27. CC.8.EE.1

4]
5,

2
7. Which of the following is equal to 5

8. Which of the following gives the general rule for simplifying the product of two powers with the
same base?

A. Multiply the bases, and multiply the exponents

B. Multiply the bases, and add the exponents.

C. Keep the base the same, and multiply the exponents
D. Keep the base the same, and add the exponents.

9. Which of the following is equal to 4% « 4° 2
A 4 B. 4°

C. 4° D. 4®
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10.

Evaluate 112

1
A —— B. 121
121
C.-121 D L
' 121

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! N2 is irrational. CC.8.EE.2

11. Without a calculator, find the value of x in each equation below.

a) X°= 25 b) x*= 100

C) x3= 27 d) x’= 125
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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 x 10° and the population of the world
as 7 x 10°and determine that the world population is more than 20 times larger. CC.8.EE.3

12. Which of the following represents the value of the number pointed to by the arrow?

450,384,000
A. 8 x 10*
B.8
C.84

D. 8x 100

13. Which of the following is a reasonable prediction for the population of the United States?

A. 1x10?

B. 3x10°
C. 3x10°
D. 8x10°

14. Which of the following is 20 times larger than 3 x 10%?
A. 60 x 10

B. 6 x 10°

C. 60 x 10°

D. 6 x 10°
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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 v very small quantities (e.g. use millimeters
per year for seafloor spreading). Interpret scientific notation that has been generated by
technology. CC.8.EE.4

15. Which of the following is a correct restatement of the product
(31x10%). (7.58=10%)7

A (31x7.58) (10% x10%)
g (3.1+7.58) (10t <107
. (3.1x7.58)-(10% + 107
b (3.1+7.38).(10% +10%)

16. Simplif M
' Y 2 5x10°

A. 2.0x10"

B. 2.0x10°

C. 12.5x10°

17.

A new computer can perform 6.0 X 10
computations in 1 second. How many
computations can the computer perform
in 60 seconds?

A. 1.0x107
B. 1.0 % 10°
C. 3.6 x10°
D. 3.6 x10"

18. Which of the following is the same as 3.5 x 10°°?

A) 3,500
B) .0035
C) .00045
D. 35,000
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