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  Base-Ten Number System and Place Value
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  Digits, Numerals, and Quantities


In math, we use symbols to show numbers. It is important to understand the difference between a digit, a numeral, and a quantity.


These words are connected, but they do not mean the same thing. Once you know the difference, it becomes much easier to read, write, and compare numbers.


What is a digit?


A digit is one of the ten symbols we use in our base-ten number system:


0,1,2,3,4,5,6,7,8,9


These are like the building blocks of all whole numbers and decimals. Every larger number is made by putting digits together in different places.


For example:


	In the number 7, there is 1 digit.

	In the number 42, there are 2 digits: 4 and 2.

	In the number 305, there are 3 digits: 3, 0, and 5.




What is a numeral?


A numeral is a written number. It can have one digit or many digits.


For example:


	7 is a numeral.

	42 is a numeral.

	305 is a numeral.

	1,248 is a numeral.




So, a digit is a single symbol, but a numeral can be made of one or more digits.


What is a quantity?


A quantity is the amount a number represents. It tells how many.


For example, if you see 5 apples, the quantity is 5. The numeral is 5, and the digit used is also 5.


If you see 12 books, the quantity is 12 books. The numeral is 12, and the digits are 1 and 2.


This means:


	Digit = a symbol like 3 or 8

	Numeral = a written number like 38 or 208

	Quantity = the amount, like 38 stickers or 208 marbles




Why does place matter?


In our base-ten system, the value of a digit depends on its place. The same digit can represent different amounts in different numerals.


Look at the digit 4 in these numerals:


	4

	40

	400




Even though the digit is the same, the quantity changes because the place changes.


4=4 ones

40=4 tens=40

400=4 hundreds=400


This is why digits are symbols, but numerals show a full number, and quantities show the amount that number means.


Worked Example 1: Finding digits and the numeral


Look at the number 58.


	The numeral is 58.

	The digits are 5 and 8.

	The quantity is 58 things, such as 58 coins.




This numeral has 2 digits, but it represents 1 quantity: 58.


Worked Example 2: Same digits, different numerals


Compare 24 and 42.


Both numerals use the same digits: 2 and 4.


But they do not represent the same quantity.


In 24:


	2 is in the tens place, so it means 20.

	4 is in the ones place, so it means 4.




24=20+4


In 42:


	4 is in the tens place, so it means 40.

	2 is in the ones place, so it means 2.




42=40+2


So, the digits are the same, but the numerals and quantities are different.


Worked Example 3: Understanding zero as a digit


Look at the numeral 507.


The digits are 5, 0, and 7.


The 0 is important. It shows that there are no tens.


507=5 hundreds+0 tens+7 ones

507=500+0+7


The quantity is 507.


Without the 0, the numeral would be 57, which is a very different quantity.


Worked Example 4: Matching a quantity to a numeral


A jar has 136 beads.


What is the quantity, what is the numeral, and what are the digits?



	The quantity is 136 beads.

	The numeral is 136.

	The digits are 1, 3, and 6.




We can also break the numeral into place values:


136=100+30+6


This shows that the digits work together to represent one quantity.


Important ideas to remember


	There are only 10 digits: 0 through 9.

	A numeral is a written number made from digits.

	A quantity is the amount the numeral represents.

	The place of a digit changes its value.

	The digit 0 is important because it can show that a place has no value.




Quick check


	In the numeral 83, what are the digits?
Answer: 8 and 3

	Is 409 a digit or a numeral?
Answer: It is a numeral.

	What quantity does the numeral 12 represent?
Answer: A quantity of 12 things.

	Do 35 and 53 represent the same quantity?
Answer: No, because the digits are in different places.




[image: 📋]   Summary


A digit is a single symbol from 0 to 9. A numeral is a written number made from one or more digits. A quantity is the amount that the numeral shows.


When you read or write numbers, always ask yourself: What are the digits? What numeral do they make? What quantity does it represent? This helps you understand numbers clearly and use place value correctly.


  
  Put what you read to the test

  You've worked through Digits, Numerals, and Quantities. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/483
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  Base-Ten Positional Structure


Our number system is called the base-ten system. It uses ten digits: 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9.


In this system, a digit’s value depends on its place in the number. This is called place value.


For example, in the number 352, the digit 3 does not mean just 3 ones. It means 3 hundreds, or 300, because it is in the hundreds place.


This is the big idea of positional structure: moving one place to the left makes a value 10 times greater, and moving one place to the right makes a value one-tenth as much.


Here is a place value chart for whole numbers and decimals:



  	Thousands

  	Hundreds

  	Tens

  	Ones

  	Tenths

  	Hundredths

  	Thousandths




You can think of the places like steps. Each step to the left is 10 times bigger. Each step to the right is one-tenth the size.


For example:



  	1 ten = 10 ones

  	1 hundred = 10 tens = 100 ones

  	1 thousand = 10 hundreds

  	1 one = 10 tenths

  	1 tenth = 10 hundredths




This pattern continues forever in both directions.


Important rule: The same digit can have different values depending on where it is placed.


Look at the digit 5 in these numbers:



  	5 means 5 ones

  	50 means 5 tens, or 50

  	500 means 5 hundreds, or 500

  	0.5 means 5 tenths

  	0.05 means 5 hundredths




The digit stays the same, but its value changes because its position changes.


We can also write numbers in expanded form. Expanded form shows the value of each digit.


For example, the number 4,382 can be written as


4,382=4,000+300+80+2

This shows that:



  	4 is in the thousands place

  	3 is in the hundreds place

  	8 is in the tens place

  	2 is in the ones place




Decimals follow the same pattern. The decimal point separates the ones place from places smaller than one.


To the right of the decimal point:



  	the first place is tenths

  	the second place is hundredths

  	the third place is thousandths




For example, in 2.47:



  	2 is in the ones place, so it means 2

  	4 is in the tenths place, so it means 0.4

  	7 is in the hundredths place, so it means 0.07




Its expanded form is


2.47=2+0.4+0.07

Another way to think about place value is by comparing the same digit in different places.


In 7,000, the 7 means 7 thousands. In 700, the 7 means 7 hundreds. Since a thousand is 10 times a hundred, the 7 in 7,000 is 10 times the value of the 7 in 700.


We can write that idea like this:


7,000=10×700

Now let’s work through some examples.


Worked Example 1: Find the value of a digit


What is the value of the digit 6 in 6,241?


Step 1: Find the place of the digit 6.


The 6 is in the thousands place.


Step 2: Write its value.


6 thousands=6,000

Answer: The value of the 6 is 6,000.


Worked Example 2: Write a number in expanded form


Write 9,305 in expanded form.


Look at each digit:



  	9 is in the thousands place: 9,000

  	3 is in the hundreds place: 300

  	0 is in the tens place: 0

  	5 is in the ones place: 5




So,


9,305=9,000+300+5

We usually do not need to write the 0 tens.


Worked Example 3: Understand the 10-times relationship


Compare the digit 4 in 4,800 and 480.


In 4,800, the 4 is in the thousands place, so its value is 4,000.


In 480, the 4 is in the hundreds place, so its value is 400.


Now compare:


4,000=10×400

Answer: The 4 in 4,800 is 10 times the value of the 4 in 480.


Worked Example 4: Place value with decimals


What is the value of the digit 3 in 5.34?


The 3 is in the tenths place.


So its value is


3 tenths=0.3

We can also describe the whole number:


5.34=5+0.3+0.04

Answer: The value of the 3 is 0.3.


Helpful patterns to remember



  	Each place to the left is 10 times greater.

  	Each place to the right is one-tenth as much.

  	A digit’s value depends on its position.

  	The decimal point separates whole numbers from parts smaller than one.




Common mistakes to avoid



  	Do not say a digit’s value is just the digit itself. In 823, the 8 means 800, not 8.

  	Do not forget zero placeholders. In 507, the 0 shows there are no tens.

  	Do not mix up tenths and hundredths. In 0.6, the 6 is tenths. In 0.06, the 6 is hundredths.




Quick check questions



  	What is the value of the 7 in 7,421?

  	What is the value of the 2 in 3.29?

  	Write 6,040 in expanded form.

  	Is the 5 in 500 ten times the value of the 5 in 50?




Answers



  	7,000

  	0.2

  	6,000+40

  	Yes, because 500=10×50.




[image: 📋]   Summary


In the base-ten number system, the value of a digit depends on where it is in the number. Each place to the left is 10 times greater than the place to its right, and each place to the right is one-tenth of the place to its left.


Understanding this pattern helps you read numbers, write numbers in expanded form, and compare the value of digits in whole numbers and decimals.


  
  Put what you read to the test

  You've worked through Base-Ten Positional Structure. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/484






  [image: 📝]   Lesson 3: Place Value through Billions
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  Place Value through Billions


Our number system is called the base-ten system. That means numbers are built using groups of 10. Every time you move one place to the left, the value becomes 10 times greater. Every time you move one place to the right, the value becomes 10 times smaller.


Place value helps us understand what each digit in a number is worth. The same digit can have different values depending on where it is in the number.


For example, in the number 5,555, each digit is a 5, but they do not all mean the same thing:



  	The 5 in the thousands place means 5,000

  	The 5 in the hundreds place means 500

  	The 5 in the tens place means 50

  	The 5 in the ones place means 5




To work with very large numbers, we group digits into periods. Each period has 3 places.



  	Ones period: ones, tens, hundreds

  	Thousands period: thousands, ten thousands, hundred thousands

  	Millions period: millions, ten millions, hundred millions

  	Billions period: billions




Here is the place value chart through billions:



BillionsHundred MillionsTen MillionsMillionsHundred ThousandsTen ThousandsThousandsHundredsTensOnes



You can also think of the places like this:



1,000,000,000100,000,00010,000,0001,000,000100,00010,0001,000100101



Important pattern: each place is 10 times the place to its right.



  	10 ones = 1 ten

  	10 tens = 1 hundred

  	10 hundreds = 1 thousand

  	10 thousands = 1 ten thousand

  	10 hundred millions = 1 billion




When reading large numbers, read the number in periods from left to right. Say the period name after each group of 3 digits.


For example, in 4,238,517,906:



  	4 is in the billions period

  	238 is in the millions period

  	517 is in the thousands period

  	906 is in the ones period




So we read it as four billion, two hundred thirty-eight million, five hundred seventeen thousand, nine hundred six.


Notice: We do not say commas when we read the number. The commas just help us see the periods.


We can write numbers in different forms:



  	Standard form: the usual way we write a number with digits

  	Word form: writing the number with words

  	Expanded form: showing the value of each digit




For example, the number 3,406,020,105 can be written as:



  	Standard form: 3,406,020,105

  	Word form: three billion, four hundred six million, twenty thousand, one hundred five

  	Expanded form:





3,000,000,000+400,000,000+6,000,000+20,000+100+5



Zeroes are very important in place value. A zero holds a place when there is no value in that spot.


In 3,406,020,105:



  	There are 0 ten millions

  	There are 0 hundred thousands

  	There are 0 thousands

  	There are 0 tens




Those zeroes help the other digits stay in the correct places.


How to find the value of a digit



  	Find where the digit is located.

  	Name the place.

  	Multiply the digit by the value of that place.




For example, if a 7 is in the hundred millions place, its value is:



7×100,000,000=700,000,000



Worked Example 1


What is the value of the digit 6 in 6,214,389?


Step 1: Find the place of the digit 6.

The 6 is in the millions place.


Step 2: Find its value.


6×1,000,000=6,000,000



Answer: The value of the 6 is 6,000,000.


Worked Example 2


Read and write this number in word form: 45,072,300


First, separate the periods:



  	45 million

  	072 thousand

  	300




Now read each part:



  	45 million = forty-five million

  	072 thousand = seventy-two thousand

  	300 = three hundred




Answer: forty-five million, seventy-two thousand, three hundred


Worked Example 3


Write 508,030,019 in expanded form.


Look at each digit and its place:



  	5 hundred millions = 500,000,000

  	0 ten millions = skip

  	8 millions = 8,000,000

  	0 hundred thousands = skip

  	3 ten thousands = 30,000

  	0 thousands = skip

  	0 hundreds = skip

  	1 ten = 10

  	9 ones = 9




So the expanded form is:



500,000,000+8,000,000+30,000+10+9



Worked Example 4


In the number 2,741,605,830, what is the value of the digit 4, and what place is it in?


Read the places from left to right:



  	2 = billions

  	7 = hundred millions

  	4 = ten millions

  	1 = millions




So the digit 4 is in the ten millions place.


Its value is:



4×10,000,000=40,000,000



Answer: The 4 is in the ten millions place, and its value is 40,000,000.


Helpful Tips



  	Use commas to separate periods every 3 digits.

  	Start reading from the left.

  	Say the period names: billion, million, thousand.

  	Remember that zeroes hold places.

  	To find a digit’s value, combine the digit with its place.




Common Mistakes to Avoid



  	Do not confuse place with value. The place might be millions, but the value could be 7,000,000.

  	Do not skip period names when reading large numbers.

  	Do not forget zeroes. They keep digits in the correct positions.

  	Be careful with numbers that have empty places, like 204,005,010.




[image: 📋]   Summary


Place value tells what each digit is worth in a number. In the base-ten system, each place to the left is 10 times greater than the one to its right.


Through billions, the places are ones, tens, hundreds, thousands, ten thousands, hundred thousands, millions, ten millions, hundred millions, and billions. We can read, write, and understand large numbers by using periods, place names, and the value of each digit.


  
  Put what you read to the test

  You've worked through Place Value through Billions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/485
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  Decimal Place Value through Thousandths


We already know that in our base-ten number system, each place to the left is 10 times as great as the place to its right. For example, in the number 352, the 3 means 3 hundreds, the 5 means 5 tens, and the 2 means 2 ones.


Decimals help us show numbers that are less than one whole. They use the same base-ten pattern, but now we move to the right of the decimal point.


The decimal point is very important. It separates the whole-number part from the part smaller than one.


To the right of the decimal point, the places are:


  	tenths

  	hundredths

  	thousandths




Here is the place-value chart:

HundredsTensOnes.TenthsHundredthsThousandths


Notice the pattern:


  	10 tenths = 1 one

  	10 hundredths = 1 tenth

  	10 thousandths = 1 hundredth




Each place to the right is 10 times smaller than the place to its left.


We can also write these places as fractions:


  	
    tenths: 110
  

  	
    hundredths: 1100
  

  	
    thousandths: 11000
  




That means:


  	0.1 means 1 tenth

  	0.01 means 1 hundredth

  	0.001 means 1 thousandth




Reading decimals is easier when you read the whole-number part first, say “and” for the decimal point, and then read the decimal part by its last place value.


For example:


  	2.4 is read as two and four tenths

  	5.36 is read as five and thirty-six hundredths

  	7.208 is read as seven and two hundred eight thousandths




Zeros can be important in decimals because they help show place value.


For example, 0.5, 0.50, and 0.500 all have the same value, but they show the number in different place-value forms.


However, 0.5 and 0.05 are not the same.


  	0.5 means 5 tenths

  	0.05 means 5 hundredths




The position of the digit changes its value.


Example 1: Name the value of each digit

Look at the number 4.583.


The digits mean:


  	4 is in the ones place, so it means 4 ones

  	5 is in the tenths place, so it means 5 tenths

  	8 is in the hundredths place, so it means 8 hundredths

  	3 is in the thousandths place, so it means 3 thousandths




We can write it as:

4.583=4+510+8100+31000


Example 2: Write a decimal from words

Write six and twenty-four hundredths as a decimal.


Step 1: The whole-number part is 6.

Step 2: “Twenty-four hundredths” means 24100, which is 0.24.

Step 3: Put them together.

6.24


So, six and twenty-four hundredths = 6.24.


Example 3: Write a decimal in expanded form

Write 3.407 in expanded form.


Look at each digit:


  	3 ones

  	4 tenths

  	0 hundredths

  	7 thousandths




Expanded form is:

3.407=3+410+0100+71000


We usually do not need to write the zero part, so we can also write:

3.407=3+410+71000


This example shows that a zero can hold a place so the 7 stays in the thousandths place.


Example 4: Compare two decimals

Which is greater: 0.56 or 0.506?


To compare decimals, line up the place values.

We can rewrite 0.56 as 0.560.


Now compare:

0.560

0.506



  	Tenths: both have 5 tenths

  	Hundredths: 6 hundredths is greater than 0 hundredths




So:

0.56>0.506


Helpful tips for decimals


  	Say the place names in order: ones, tenths, hundredths, thousandths.

  	The farther right a digit is, the smaller its value becomes.

  	Use zeros as placeholders when needed.

  	When comparing decimals, line up the decimal points.

  	Read the last decimal place to know the name of the number part.




Common mistakes to avoid


  	Do not forget that 0.1 is 1 tenth, not 1 one.

  	Do not think a longer decimal is always greater. For example, 0.7 is greater than 0.65.

  	Be careful with zeros. In 2.03, the 3 is in the hundredths place, not the tenths place.




[image: 📋]   Summary

Decimals show parts of a whole. The places to the right of the decimal point are tenths, hundredths, and thousandths. Each place is 10 times smaller than the place to its left. By knowing place value, you can read decimals, write them, expand them, and compare them correctly.


  
  Put what you read to the test

  You've worked through Decimal Place Value through Thousandths. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/486
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  Standard, Word, and Expanded Notation are three different ways to show the same number.


When you understand all three forms, you can read numbers, write numbers, and see the value of each digit more clearly. This helps you with place value and with understanding how our base-ten number system works.


In this lesson, you will learn what each notation means, how to change a number from one form to another, and how place value helps you do it correctly.


1. What is standard notation?


Standard notation is the way we usually write a number using digits.


For example, the number 4,582 is written in standard notation.


2. What is word notation?


Word notation means writing the number using words.


For example, 4,582 in word notation is four thousand five hundred eighty-two.


3. What is expanded notation?


Expanded notation shows the value of each digit in the number.


For example, in 4,582:



  	The 4 is in the thousands place, so it means 4,000.

  	The 5 is in the hundreds place, so it means 500.

  	The 8 is in the tens place, so it means 80.

  	The 2 is in the ones place, so it means 2.




So the expanded notation is:


4,582=4,000+500+80+2


Why place value matters


Each digit has a value based on its place. A digit does not always mean the same amount.


For example, in the number 3,303:



  	The first 3 means 3,000.

  	The second 3 means 300.

  	The last 3 means 3.




Even though the digit is the same, its value changes because its place changes.


Place value chart


A place value chart can help you see each digit's value.


For the number 47,216:



  	4 ten-thousands

  	7 thousands

  	2 hundreds

  	1 ten

  	6 ones




This means:


47,216=40,000+7,000+200+10+6


And in words, it is forty-seven thousand two hundred sixteen.


How to write a number in word notation



  	Look at the number from left to right.

  	Break it into periods, such as thousands and ones.

  	Write the value of each period in words.

  	Add the period name, like thousand, when needed.




Example: 12,405



  	12 thousand

  	405 is four hundred five




So the word notation is twelve thousand four hundred five.


Important note: A zero holds a place, but it does not add value in expanded notation.


In 12,405, the 0 is in the tens place. That means there are 0 tens, so we usually do not write + 0 in expanded notation.


12,405=10,000+2,000+400+5


How to write a number in expanded notation



  	Find the value of each digit by its place.

  	Write each value as an addend.

  	Add the values together.




Example: 6,731



  	6 thousands = 6,000

  	7 hundreds = 700

  	3 tens = 30

  	1 one = 1




So:


6,731=6,000+700+30+1


How to write a number from expanded notation to standard notation


Sometimes you are given the parts and must put them together.


Example:


30,000+5,000+600+20+9


Think about each place:



  	3 in the ten-thousands place

  	5 in the thousands place

  	6 in the hundreds place

  	2 in the tens place

  	9 in the ones place




So the standard notation is 35,629.


Worked Examples


Example 1: Write 2,468 in word notation and expanded notation.


Step 1: Read the number.



  	2 is in the thousands place

  	4 is in the hundreds place

  	6 is in the tens place

  	8 is in the ones place




Word notation: two thousand four hundred sixty-eight


Expanded notation:


2,468=2,000+400+60+8


Example 2: Write 50,307 in word notation and expanded notation.


This example has zeros, so be careful.



  	5 is in the ten-thousands place = 50,000

  	0 is in the thousands place = 0

  	3 is in the hundreds place = 300

  	0 is in the tens place = 0

  	7 is in the ones place = 7




Word notation: fifty thousand three hundred seven


Expanded notation:


50,307=50,000+300+7


We do not need to write the zero-value places in expanded notation.


Example 3: Write the standard notation for the number "nine thousand eighty-four."


Break the words into place values:



  	nine thousand = 9,000

  	eighty = 80

  	four = 4




There are no hundreds, so the hundreds digit is 0.


9,000+80+4=9,084


Standard notation: 9,084


Example 4: Write the standard and word notation for


70,000+4,000+90+6


Step 1: Put the values into place value order.



  	7 in the ten-thousands place

  	4 in the thousands place

  	0 in the hundreds place

  	9 in the tens place

  	6 in the ones place




Standard notation: 74,096


Word notation: seventy-four thousand ninety-six


Common mistakes to avoid



  	Forgetting place value: In 3,482, the 3 means 3,000, not 3.

  	Skipping zero places: In 6,045, the 0 in the hundreds place and the 4 in the tens place matter. The number is not 645.

  	Mixing up word order: 14,032 is fourteen thousand thirty-two, not fourteen hundred thirty-two.

  	Writing too many parts in expanded notation: You usually leave out the parts that are 0.




Tips for success



  	Read the number slowly by place value.

  	Use commas to help separate thousands from ones.

  	Ask yourself, “What is each digit worth?”

  	When writing from words to digits, make sure every place is filled, even if a digit is 0.




Quick check


Try these on your own:



  	Write 8,125 in word notation and expanded notation.

  	Write sixty-two thousand five hundred one in standard notation.

  	Write 90,040 in word notation and expanded notation.




Answers



  	eight thousand one hundred twenty-five; 8,000+100+20+5

  	62,501

  	ninety thousand forty; 90,000+40




[image: 📋]   Summary


A number can be written in standard notation using digits, in word notation using words, and in expanded notation by showing the value of each digit.


Place value is the key to changing a number from one form to another. When you know what each digit is worth, you can read, write, and understand numbers more easily.


  
  Put what you read to the test

  You've worked through Standard, Word, and Expanded Notation. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/487






  [image: 📝]   Lesson 6: Powers of Ten and Exponent Foundations

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/536




  Powers of Ten and Exponent Foundations


Our number system is called the base-ten system. That means it is built on groups of 10. Every time we move one place to the left in a number, the value becomes 10 times greater. Every time we move one place to the right, the value becomes 10 times smaller.


This lesson will help you understand powers of ten and how they connect to place value. You will also learn what an exponent means in simple cases like 10, 100, and 1,000.


1. Place value and powers of ten


Look at the places in a whole number:


ones, tens, hundreds, thousands, ten thousands


Each place is made by multiplying by 10:



	1 one

	10 ones = 1 ten

	10 tens = 1 hundred

	10 hundreds = 1 thousand




We can write these values using powers of ten:



	1 = 100

	10 = 101

	100 = 102

	1{,}000 = 103

	10{,}000 = 104




The small raised number is called an exponent. The exponent tells how many 10s are being multiplied together.


For example:


103=10×10×10=1,000

Here are more examples:



	101=10

	102=10×10=100

	104=10×10×10×10=10,000




2. What happens when you multiply by 10, 100, or 1,000?


When you multiply a number by 10, each digit moves one place to the left. That makes the number 10 times as great.


When you multiply by 100, each digit moves two places to the left. When you multiply by 1,000, each digit moves three places to the left.


You can think of it like this:



	Multiply by 10=101  move 1 place left

	Multiply by 100=102  move 2 places left

	Multiply by 1,000=103  move 3 places left




Example place value chart idea:


If the digit 4 is in the ones place, it is worth 4.

If the digit 4 moves to the tens place, it is worth 40.

If the digit 4 moves to the hundreds place, it is worth 400.


Each move left multiplies its value by 10.


3. What happens when you divide by 10, 100, or 1,000?


When you divide by 10, each digit moves one place to the right. That makes the number 10 times smaller.


When you divide by 100, each digit moves two places to the right. When you divide by 1,000, each digit moves three places to the right.



	Divide by 10=101  move 1 place right

	Divide by 100=102  move 2 places right

	Divide by 1,000=103  move 3 places right




This is true for whole numbers and decimals.


4. Powers of ten and decimals


Decimals are also part of the base-ten system. To the right of the decimal point, each place is divided by 10.


The places are:


ones, tenths, hundredths, thousandths


Each step to the right makes the value 10 times smaller:



	1 one = 10 tenths

	1 tenth = 10 hundredths

	1 hundredth = 10 thousandths




For example:



	0.1 is one tenth

	0.01 is one hundredth

	0.001 is one thousandth




So dividing by powers of ten can move a whole number into the decimal places.


5. A helpful pattern


When multiplying or dividing by powers of ten, many students notice the digits seem to move. Another way to think about it is that the decimal point moves in the opposite direction.



	Multiply by 10  decimal point moves 1 place right

	Multiply by 100  decimal point moves 2 places right

	Divide by 10  decimal point moves 1 place left

	Divide by 100  decimal point moves 2 places left




For whole numbers, the decimal point is at the end, even if you do not write it. For example, 45 means 45.0.


Worked Example 1: Writing a power of ten


Write 1,000 as a power of ten.


Step 1: Count how many 10s are multiplied together.


1,000=10×10×10

Step 2: There are 3 tens, so the exponent is 3.


1,000=103

Answer: 1,000=103


Worked Example 2: Multiplying by a power of ten


Find 36×100.


Since 100=102, multiplying by 100 moves each digit 2 places to the left.


36 becomes 3,600.


36×100=3,600

Answer: 3,600


Worked Example 3: Dividing by a power of ten


Find 4,800÷10.


Dividing by 10 moves each digit 1 place to the right.


4,800÷10=480

You can also think: the decimal point in 4,800.0 moves one place left to make 480.0.


Answer: 480


Worked Example 4: Dividing into decimals


Find 7÷100.


Dividing by 100=102 moves the decimal point 2 places to the left.


Start with 7.0. Move the decimal point two places left:


7.0÷100=0.07

Answer: 0.07


6. Common mistakes to avoid



	Do not just add zeros every time. This works for some whole-number multiplication problems, but not for division or all decimal problems.

	Watch the direction. Multiplying by powers of ten makes numbers greater, so digits move left. Dividing makes numbers smaller, so digits move right.

	Remember the decimal point. Every whole number has one, even if you do not see it.




7. Quick practice ideas



	Write each as a power of ten: 10, 100, 1,000.

	Find: 52×10

	Find: 52×1,000

	Find: 900÷100

	Find: 6÷10




Answers:



	10=101, 100=102, 1,000=103

	52×10=520

	52×1,000=52,000

	900÷100=9

	6÷10=0.6




[image: 📋]   Summary


Powers of ten help us describe place value patterns in our base-ten number system. The exponent in a power of ten tells how many times 10 is used as a factor.


Multiplying by 10, 100, or 1,000 makes a number greater and shifts digits left. Dividing by these powers of ten makes a number smaller and shifts digits right. This pattern works with whole numbers and decimals.


  
  Put what you read to the test

  You've worked through Powers of Ten and Exponent Foundations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/488






  [image: 📝]   Lesson 7: Comparing and Ordering Numbers

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/537




  Comparing and Ordering Numbers means deciding which numbers are greater, which are less, and putting numbers in the correct order. In 5th Grade, you compare whole numbers and decimals by using place value.


Place value tells us the value of each digit based on where it is in a number. For example, in the number 4,582, the digit 4 is in the thousands place, the 5 is in the hundreds place, the 8 is in the tens place, and the 2 is in the ones place.


When we compare numbers, we often use these symbols:


	> means greater than

	< means less than

	= means equal to




For example:

45>12

This means 45 is greater than 12.


To order numbers, we put them in a sequence:


	Least to greatest: smallest to largest

	Greatest to least: largest to smallest




How to compare whole numbers

When comparing whole numbers, start by looking at the digit with the greatest place value, which is usually the digit farthest to the left.



	Look at how many digits each number has.

	If one number has more digits, it is greater.

	If the numbers have the same number of digits, compare digits from left to right.

	As soon as one digit is greater than the other in the same place, that number is greater.




For example, compare 3,482 and 3,529.


	Both numbers have 4 digits.

	Compare the thousands digits: both are 3.

	Compare the hundreds digits: 4 and 5.

	Since 4<5, we know 3,482<3,529.




How to compare decimals

Decimals are compared in a very similar way. The important idea is to line up the decimal points and compare digits from left to right.


Each place to the right of the decimal has a value:


	tenths

	hundredths

	thousandths




For example, in 6.37:


	6 is in the ones place

	3 is in the tenths place

	7 is in the hundredths place




Sometimes it helps to add zeros to the end of a decimal. Adding zeros to the right of a decimal does not change its value.

For example:

0.5=0.50=0.500


This is useful when comparing decimals with different numbers of digits.


Steps for comparing decimals


	Line up the decimal points.

	If needed, add zeros to make the same number of decimal places.

	Compare digits from left to right.

	The first place where the digits are different tells which number is greater.




Worked Example 1: Comparing whole numbers

Compare 6,205 and 6,250.

Step 1: Both numbers have 4 digits.

Step 2: Compare from left to right.


	Thousands: 6 and 6 — same

	Hundreds: 2 and 2 — same

	Tens: 0 and 5 — different



Since 0<5, we know:

6,205<6,250


Worked Example 2: Ordering whole numbers

Order these numbers from least to greatest:

4,901,4,109,4,190,4,019

All of the numbers have 4 digits, and all have 4 in the thousands place. So compare the hundreds digits:


	4,019 has 0 hundreds

	4,109 has 1 hundred

	4,190 has 1 hundred

	4,901 has 9 hundreds



Now compare the two numbers with 1 hundred:


	4,109: tens digit is 0

	4,190: tens digit is 9



So the order is:

4,019<4,109<4,190<4,901


Worked Example 3: Comparing decimals

Compare 3.7 and 3.65.

First, line up the decimal points. It helps to write 3.7 as 3.70.

Now compare:

3.70 and 3.65


	Ones: 3 and 3 — same

	Tenths: 7 and 6 — different



Since 7>6, we know:

3.70>3.65

So:

3.7>3.65


Worked Example 4: Ordering decimals

Order these decimals from greatest to least:

2.08,2.8,2.18,2.80

First, rewrite them so they all have the same number of decimal places:

2.08,2.80,2.18,2.80

Now compare from left to right:


	All have 2 in the ones place.

	Compare the tenths digits: 0, 8, 1, 8



The numbers with 8 tenths are greatest: 2.8 and 2.80.

These are equal because:

2.8=2.80

Next is 2.18, and last is 2.08.

So from greatest to least:

2.80=2.8>2.18>2.08


Helpful tips


	Always compare digits in the same place value.

	For whole numbers, a number with more digits is greater.

	For decimals, line up the decimal points first.

	Adding zeros to the end of a decimal does not change its value.

	When ordering, compare carefully one pair at a time.




Common mistakes to avoid


	Do not compare decimals by the number of digits only. For example, 0.9 is greater than 0.35, even though 35 looks bigger than 9.

	Do not forget to line up decimal points.

	Do not stop too early. If the first digits are the same, keep comparing the next place value.




Let’s look at one quick check:

Compare 0.9 and 0.35.

Write 0.9 as 0.90.

Now compare:


	Tenths: 9 and 3



Since 9>3, we know:

0.90>0.35

So 0.9 is greater than 0.35.


[image: 📋]   Summary

To compare and order numbers, use place value. For whole numbers, compare the number of digits first, then compare digits from left to right. For decimals, line up decimal points, add zeros if needed, and compare each place value carefully. These steps will help you decide which number is greater, less, or equal, and put numbers in the correct order.


  
  Put what you read to the test

  You've worked through Comparing and Ordering Numbers. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/489






  [image: 📝]   Lesson 8: Rounding and Benchmark Estimation

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/538




  Rounding and Benchmark Estimation help us work with numbers quickly and sensibly. Sometimes we do not need the exact number. We may only need a number that is close. That is when rounding and estimating are useful.




For example, if 198 people came to an event, you might say about 200 people came. If a toy costs $19.75, you might think of it as about $20. These are both examples of using numbers that are close to the exact amount.




In this lesson, you will learn how to round numbers to a place value and how to use benchmarks to estimate.




What does rounding mean?




Rounding means changing a number to the nearest ten, hundred, thousand, or another place value. The rounded number is easier to use, but it stays close to the original number.




To round correctly, we use place value. We look at the digit in the place we are rounding to, and then we check the digit just to the right of it.




Rounding rule:




  	If the digit to the right is 0, 1, 2, 3, or 4, round down.


  	If the digit to the right is 5, 6, 7, 8, or 9, round up.







When we round down, the digit in the rounding place stays the same. When we round up, that digit increases by 1. All digits to the right of the rounding place become 0 for whole numbers.




How to round a whole number




  	Find the place you are rounding to.


  	Look at the digit just to the right.


  	Use the rounding rule.


  	Change all digits to the right into 0.







Worked Example 1: Round 347 to the nearest ten.


The tens digit is 4. The digit to the right is the ones digit, which is 7.


Since 7 is 5 or more, we round up. The tens digit 4 becomes 5, and the ones digit becomes 0.


347≈350




Worked Example 2: Round 347 to the nearest hundred.


The hundreds digit is 3. The digit to the right is the tens digit, which is 4.


Since 4 is less than 5, we round down. The hundreds digit stays 3, and the tens and ones digits become 0.


347≈300




Notice: The same number can round to different answers depending on the place value.




  	Nearest ten: 347≈350


  	Nearest hundred: 347≈300







Rounding larger numbers




The same steps work for bigger numbers. You still look at the digit in the place you want, then check the digit just to the right.




Worked Example 3: Round 6,782 to the nearest thousand.


The thousands digit is 6. The digit to the right is the hundreds digit, which is 7.


Since 7 is 5 or more, we round up. The 6 becomes 7, and the rest of the digits become 0.


6,782≈7,000




If the number had been 6,212, we would look at the hundreds digit, which is 2. Since 2 is less than 5, it would round down to 6,000.




Rounding decimals




We can also round decimals. The steps are the same, but instead of changing digits to the right into 0, we stop at the place we are rounding to.




Common decimal places are:




  	tenths: first place after the decimal point


  	hundredths: second place after the decimal point







Worked Example 4: Round 4.67 to the nearest tenth.


The tenths digit is 6. The digit to the right is the hundredths digit, which is 7.


Since 7 is 5 or more, we round up. The 6 tenths becomes 7 tenths.


4.67≈4.7




If we rounded 4.67 to the nearest whole number, we would look at the tenths digit, which is 6. Since 6 is 5 or more, 4.67 rounds to 5.




What is benchmark estimation?




A benchmark is a familiar number that helps us estimate. Benchmarks are usually easy-to-use numbers such as:




  	0, 5, 10


  	25, 50, 75, 100


  	multiples of 10 or 100


  	friendly decimals like 0.5, 1.0, or 2.5







We use benchmarks to decide what a number is close to. This helps us estimate quickly without finding an exact answer.




For example:




  	48 is close to 50


  	198 is close to 200


  	74 is close to 75


  	0.48 is close to 0.5







Using benchmarks to estimate sums




When adding, we can round each addend to a nearby benchmark first.




Example: Estimate 198+301.


Round 198 to 200. Round 301 to 300.


Then add the benchmark numbers:


200+300=500


So, 198+301 is about 500.




Using benchmarks to estimate differences




When subtracting, we can round both numbers to nearby benchmarks.




Example: Estimate 612−289.


Round 612 to 600. Round 289 to 300.


Then subtract:


600−300=300


So, 612−289 is about 300.




Using benchmarks with decimals




Benchmarks also help with decimal numbers.




Example: Estimate 2.9+4.1.


2.9 is close to 3, and 4.1 is close to 4.


3+4=7


So, 2.9+4.1 is about 7.




Why estimation matters




  	It helps you check if an exact answer makes sense.


  	It helps you solve problems faster.


  	It helps in real life, like shopping, measuring, and counting.







If you calculate 198+301=499, your estimate of 500 shows that 499 makes sense because it is very close.




Helpful tips for rounding




  	Always find the place value first.


  	Only look at the digit directly to the right.


  	Remember: 5 means round up.


  	For whole numbers, digits to the right become 0.


  	For decimals, stop at the place you rounded to.







Helpful tips for benchmark estimation




  	Choose numbers that are easy to work with.


  	Pick benchmarks that are close to the original numbers.


  	An estimate does not need to be exact. It should be reasonable.







Quick practice ideas




  	Round 563 to the nearest ten and nearest hundred.


  	Round 8,249 to the nearest thousand.


  	Round 3.26 to the nearest tenth.


  	Estimate 49+52 using benchmarks.


  	Estimate 201−98 using benchmarks.







[image: 📋]   Summary


Rounding means finding the nearest number at a given place value. To round, look at the digit to the right: if it is 5 or more, round up; if it is 4 or less, round down.


Benchmark estimation means using friendly numbers, like 10, 50, 100, or 0.5, to find an answer that is close. Rounding and benchmark estimation help you work quickly and check whether an answer is reasonable.


  
  Put what you read to the test

  You've worked through Rounding and Benchmark Estimation. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/490






  [image: 📝]   Lesson 9: Zeros as Placeholders

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/539




  Zeros as Placeholders


In our base-ten number system, the place of a digit tells its value. A digit can mean different amounts depending on where it is in the number.


For example, in the number 345, the 3 means 300, the 4 means 40, and the 5 means 5.


But what happens when there is no digit in a place? That is where zero becomes very important. A zero can act as a placeholder. This means it holds a place so the other digits stay in the correct positions.


If zero did not hold that place, the value of the whole number would change.


Why placeholders matter


Look at these two numbers:


15105

In 15, the 1 is in the tens place, so it means 10.


In 105, the 1 is in the hundreds place, so it means 100. The zero shows that there are 0 tens. It keeps the 1 and the 5 in the right places.


So:



	15=1 ten and 5 ones

	105=1 hundred, 0 tens, and 5 ones




Even though zero means “none” in that place, it is still important because it protects the value of the other digits.


Zero as a placeholder in whole numbers


Each place in a whole number is 10 times the value of the place to its right.



	ones

	tens

	hundreds

	thousands

	ten thousands




Zero can appear in any of these places to show that there are none of that unit.


For example:



	302 means 3 hundreds, 0 tens, and 2 ones

	4,008 means 4 thousands, 0 hundreds, 0 tens, and 8 ones

	50,070 means 5 ten-thousands, 0 thousands, 0 hundreds, 7 tens, and 0 ones




Without the zeros, these numbers would be completely different.


Compare:



	302 is not the same as 32

	4,008 is not the same as 408

	50,070 is not the same as 5,070




Zero as a placeholder in decimals


Zero is also important in decimal numbers. In decimals, the places to the right of the decimal point are:



	tenths

	hundredths

	thousandths




A zero can hold a decimal place just like it holds a whole-number place.


For example, in 3.05:



	the 3 is in the ones place

	the 0 is in the tenths place

	the 5 is in the hundredths place




This means 3.05 is 3 ones, 0 tenths, and 5 hundredths.


If the zero were missing, the number would be 3.5, which means 3 ones and 5 tenths. That is a much larger number than 3.05.


Compare them:


3.05<3.5

The zero keeps the 5 in the hundredths place instead of the tenths place.


Zeros at the end of decimals


Sometimes you may see a zero at the end of a decimal, like 2.50.


This means:



	2 ones

	5 tenths

	0 hundredths




The value of 2.50 is the same as 2.5. The ending zero does not change the value, but it can help show place value clearly.


So:


2.5=2.50

But be careful: a zero inside a decimal number can change the value by holding a place.


For example:


4.06≠4.6

In 4.06, the 6 is in the hundredths place. In 4.6, the 6 is in the tenths place.


How to read numbers with zeros


When you see a zero in a number, ask yourself:



	What place is the zero in?

	What digit is it helping keep in the correct place?

	How would the number change if the zero were removed?




This helps you see why the zero matters.


Worked Example 1: Whole number with one zero


What does 507 mean?


Step 1: Name each place.



	5 is in the hundreds place

	0 is in the tens place

	7 is in the ones place




Step 2: Write its value.


507=500+0+7

So 507 means 5 hundreds, 0 tens, and 7 ones.


The zero is a placeholder. It shows that there are no tens.


Worked Example 2: Larger whole number with more than one zero


What does 6,040 mean?


Step 1: Name each place.



	6 is in the thousands place

	0 is in the hundreds place

	4 is in the tens place

	0 is in the ones place




Step 2: Write its value.


6,040=6,000+0+40+0

So 6,040 means 6 thousands, 0 hundreds, 4 tens, and 0 ones.


The zeros keep the 6 in the thousands place and the 4 in the tens place.


Worked Example 3: Decimal with a zero inside the number


What does 8.03 mean?


Step 1: Name each place.



	8 is in the ones place

	0 is in the tenths place

	3 is in the hundredths place




Step 2: Write its value.


8.03=8+0.0+0.03

So 8.03 means 8 ones, 0 tenths, and 3 hundredths.


If the zero were removed, the number would be 8.3, which is very different. In 8.3, the 3 is in the tenths place.


Worked Example 4: Comparing decimals


Which is greater: 5.07 or 5.7?


Step 1: Line up the place values.


5.075.70

We can write 5.7 as 5.70 to show the place values clearly.


Step 2: Compare by place.



	Ones: both have 5

	Tenths: 0 in 5.07, but 7 in 5.70




Since 7 tenths is greater than 0 tenths, 5.70 is greater.


So:


5.07<5.7

The zero in 5.07 holds the tenths place, so the 7 stays in the hundredths place.


Common mistakes to avoid



	Do not ignore zeros in the middle of a number. They often change the value.

	Do not think 2.08 and 2.8 are the same. In 2.08, the 8 is in the hundredths place.

	Remember that zeros at the end of a decimal usually do not change the value, like 4.5=4.50.

	Remember that zeros in whole numbers help keep digits in the correct places, like 700 and 70.




Quick check ideas


Try asking yourself these questions when you read a number:



	How many hundreds, tens, or ones are there?

	How many tenths or hundredths are there?

	Is the zero showing “none” in a place?

	What digit would move if the zero were taken away?




[image: 📋]   Summary


Zero is more than “nothing.” In place value, zero can be a placeholder that keeps other digits in the correct positions.


In whole numbers, zero shows that a place has no value, such as 0 tens or 0 hundreds. In decimals, zero can hold the tenths or hundredths place so digits do not shift.


When you understand zeros as placeholders, you can read, write, compare, and understand numbers much more accurately.


  
  Put what you read to the test

  You've worked through Zeros as Placeholders. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/491






  [image: 📝]   Lesson 10: Magnitude and the Number Line
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  Magnitude and the Number Line


Numbers can tell us how much, how far, or where something is. The size of a number is called its magnitude. A number with greater magnitude is farther from zero on a number line.


A number line helps us see numbers in order. It can be horizontal, going left to right, or vertical, going up and down. Number lines help us compare numbers, place numbers correctly, and understand distance between numbers.


In this lesson, you will learn how to:


  	read horizontal and vertical number lines,

  	plot whole numbers and decimals,

  	compare numbers by their position, and

  	understand magnitude as distance from zero.




1. Reading a Number Line


A number line has points placed in a straight line. The numbers increase in one direction and decrease in the other direction.



  	On a horizontal number line, numbers get larger as you move right.

  	On a vertical number line, numbers get larger as you move up.




Here is a simple horizontal number line:


012345


Since 5 is to the right of 3, we know that 5>3.


Here is a simple vertical number line:


5

4

3

2

1

0


Since 4 is above 2, we know that 4>2.


2. Equal Spaces Matter


On a number line, the spaces between marks must be equal. If each step is 1, then the line might show 0, 1, 2, 3, 4. If each step is 0.1, then the line might show 0.0, 0.1, 0.2, 0.3, 0.4.


Before plotting a number, always ask:


  	What number is at the start?

  	What number is at the end?

  	How much does each step increase by?




3. Plotting Whole Numbers


To plot a number means to mark its place on the number line.


If the number line shows whole numbers from 0 to 10, then each whole number goes on its matching mark. For example, 7 is placed at the seventh step after 0.


Whole numbers farther to the right or higher up have greater value.


Worked Example 1: Plot a whole number

Plot 6 on a horizontal number line from 0 to 8.



  	Find 0 and 8 on the line.

  	Count the equal steps: 1, 2, 3, 4, 5, 6.

  	Place a point at 6.




So, the point for 6 is six equal spaces to the right of 0.


4. Plotting Decimals


Decimals can also be shown on a number line. A decimal is part of a whole.


For example:


  	0.5 means one-half, so it is halfway between 0 and 1.

  	1.2 means 1 whole and 2 tenths, so it is a little to the right of 1.

  	3.7 means 3 wholes and 7 tenths, so it is between 3 and 4.




If each interval is divided into 10 equal parts, each small step is one tenth, or 0.1.


Worked Example 2: Plot a decimal

Plot 2.4 on a number line marked by tenths.



  	Find 2 and 3 on the number line.

  	Since 2.4 is between 2 and 3, look in that section.

  	Count 4 tenths after 2: 2.1,2.2,2.3,2.4.

  	Place the point at the fourth small mark after 2.




So, 2.4 is between 2 and 3, closer to 2 than to 3.


5. Comparing Numbers on a Number Line


A number line makes comparing easy.



  	On a horizontal line, the number farther right is greater.

  	On a vertical line, the number farther up is greater.




Examples:


  	8>5 because 8 is to the right of 5.

  	1.9<2.3 because 1.9 is to the left of 2.3.

  	4.5>4.2 because 4.5 is farther right than 4.2.




6. Understanding Magnitude


Magnitude means the size of a number. On a number line, we can think about magnitude by looking at how far the number is from 0.


For whole numbers and decimals greater than or equal to 0:


  	The farther a number is from 0, the greater its magnitude.

  	A number close to 0 has smaller magnitude.




Examples:


  	9 has greater magnitude than 4 because 9 is farther from 0.

  	3.6 has greater magnitude than 3.1.

  	0.8 has smaller magnitude than 2.2.




You can also think of magnitude as distance from zero. If a point is farther from zero on the number line, it has greater magnitude.


Worked Example 3: Compare magnitudes

Which number has greater magnitude: 1.7 or 1.2?



  	Both numbers are between 1 and 2.

  	On a number line, 1.7 is to the right of 1.2.

  	That means 1.7 is farther from 0.




So, 1.7 has greater magnitude.


7. Finding the Distance Between Numbers


The distance between two numbers on a number line is the difference between them.


For example, the distance from 2 to 5 is:

5−2=3


The distance from 1.1 to 1.6 is:

1.6−1.1=0.5


This tells us how far apart the numbers are on the number line.


Worked Example 4: Find a decimal distance

What is the distance between 3.2 and 4.0?



  	Write a subtraction sentence.

  	4.0−3.2=0.8

  	The numbers are 0.8 units apart.




So, the distance between 3.2 and 4.0 is 0.8.


8. Tips for Success



  	Always check what each mark on the number line stands for.

  	Count equal spaces carefully.

  	For decimals, decide which whole numbers the decimal is between first.

  	Remember: right means greater on a horizontal line, and up means greater on a vertical line.

  	A number farther from 0 has greater magnitude.




Quick Check


  	Which is greater, 4.8 or 4.3?

  	Would 2.5 be placed closer to 2 or to 3?

  	Which has greater magnitude, 0.9 or 2.1?

  	What is the distance between 5 and 9?




Answers:


  	4.8

  	Exactly halfway between 2 and 3

  	2.1

  	9−5=4




[image: 📋]   Summary


A number line shows numbers in order using equal spaces. On a horizontal line, numbers increase to the right. On a vertical line, numbers increase upward.


You can plot whole numbers and decimals by finding the correct interval and counting equal parts. Magnitude means the size of a number, and on a number line it can be understood as distance from 0. The farther a number is from 0, the greater its magnitude.


  
  Put what you read to the test

  You've worked through Magnitude and the Number Line. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/492






  
    
  [image: 📖]   Chapter 2

  Whole Number Operations
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  Properties of Operations are special math rules that help us add and multiply numbers in easier ways.
These properties do not change the value of an expression. They just help us rearrange or break apart numbers so the math is simpler to do.
In 5th grade, the main properties of operations you will use are:
	Commutative Property
	Associative Property
	Identity Property
	Distributive Property

Learning these properties helps you solve problems faster, check your work, and understand why math works.
1. Commutative Property
The commutative property means you can switch the order of numbers when you add or multiply, and the answer stays the same.
For addition:
a+b=b+a
For multiplication:
a×b=b×a
Examples:
	7+5=5+7
	3×4=4×3

This works for addition and multiplication.
It does not work for subtraction or division.
	9−4≠4−9
	12÷3≠3÷12

2. Associative Property
The associative property means you can change the grouping of numbers when you add or multiply.
Grouping means moving the parentheses.
For addition:
(a+b)+c=a+(b+c)
For multiplication:
(a×b)×c=a×(b×c)
Examples:
	(2+6)+4=2+(6+4)
	(5×2)×3=5×(2×3)

The numbers stay in the same order. Only the grouping changes.
This property works for addition and multiplication.
It does not work for subtraction or division.
3. Identity Property
The identity property tells us that some numbers keep a value the same.
For addition, adding 0 does not change a number.
a+0=a
Examples:
	15+0=15
	0+42=42

For multiplication, multiplying by 1 does not change a number.
a×1=a
Examples:
	9×1=9
	1×27=27

These are helpful because they remind us which numbers leave other numbers unchanged.
4. Distributive Property
The distributive property helps you multiply a number by a sum.
It means you can multiply the outside number by each number inside the parentheses, and then add the products.
a×(b+c)=(a×b)+(a×c)
This property is very useful for mental math and for breaking apart larger numbers.
Example:
4×(10+3)=(4×10)+(4×3)=40+12=52
You can also use it when a number is written in expanded form.
For example, since 23=20+3, you can write:
5×23=5×(20+3)=(5×20)+(5×3)=100+15=115
Why These Properties Matter
Properties of operations help you:
	Choose an easier way to solve a problem
	Break apart numbers into friendly parts
	Check whether expressions are equal
	Understand number patterns

Instead of always solving a problem the same way, you can use properties to make the work simpler.
Worked Example 1: Using the Commutative Property
Simplify: 18+25
You could switch the order:
18+25=25+18
The answer is still:
25+18=43
Why this helps: Sometimes one order is easier to think about than the other.
Worked Example 2: Using the Associative Property
Find the value of (6+4)+9.
Use the associative property to regroup:
(6+4)+9=6+(4+9)
Now solve:
6+(4+9)=6+13=19
You could also solve 6+4 first:
10+9=19
Both ways give the same answer.
Worked Example 3: Using the Identity Property
Find the value of 347×1.
The identity property of multiplication says multiplying by 1 keeps the number the same.
347×1=347
Also, for addition:
347+0=347
Worked Example 4: Using the Distributive Property
Find 7×16.
Break apart 16 into 10+6:
7×16=7×(10+6)
Distribute 7 to both parts:
7×(10+6)=(7×10)+(7×6)
=70+42=112
So, 7×16=112.
Tips for Telling the Properties Apart
	Commutative: the order changes.
	Associative: the grouping changes.
	Identity: adding 0 or multiplying by 1 keeps the number the same.
	Distributive: multiply one number by each part inside parentheses.

Watch Out for These Mistakes
	Do not use the commutative property for subtraction or division.
	Do not confuse changing order with changing grouping.
	In the distributive property, multiply the outside number by every number inside the parentheses.

Quick Practice to Think About
	Which property is shown by 8+12=12+8?
	Which property is shown by (3×5)×2=3×(5×2)?
	What is 64+0?
	Use the distributive property to find 3×14.

Answers:
	Commutative property
	Associative property
	64
	3×14=3×(10+4)=(3×10)+(3×4)=30+12=42

[image: 📋]   Summary
Properties of operations are rules that help us work with numbers in smart and efficient ways.
The commutative property changes order, the associative property changes grouping, the identity property keeps numbers the same when adding 0 or multiplying by 1, and the distributive property breaks apart numbers to make multiplication easier.
When you understand these properties, you can simplify problems and become a stronger math thinker.


  
  Put what you read to the test

  You've worked through Properties of Operations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/493
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  Addition and Subtraction Algorithms


When we add or subtract large whole numbers, we use a step-by-step method called an algorithm. An algorithm helps us keep our work organized and accurate.


In 5th grade, you will work with multi-digit numbers. That means numbers with many digits, such as hundreds, thousands, or even more. To solve these problems, it is important to understand place value.


Each digit in a number has a value based on its place. For example, in the number 4,582:



  	4 is in the thousands place, so it means 4,000

  	5 is in the hundreds place, so it means 500

  	8 is in the tens place, so it means 80

  	2 is in the ones place, so it means 2




Understanding place value helps us line numbers up correctly and know when to regroup.


Main Idea for Addition


In addition, we line up digits by place value. Then we add starting from the ones place and move left to the tens, hundreds, and beyond.


If the sum in one place is 10 or more, we regroup. This means we write the ones digit in that place and carry the extra ten to the next place.


Steps for the Standard Addition Algorithm



  	Write the numbers in a column.

  	Line up ones under ones, tens under tens, hundreds under hundreds, and so on.

  	Add from right to left, starting with the ones place.

  	If a column totals 10 or more, regroup to the next place.

  	Continue until every place has been added.




Worked Example 1: Addition Without Regrouping


Find 243+356.


243+356

Add the ones: 3+6=9

Add the tens: 4+5=9

Add the hundreds: 2+3=5


243+356599

So, 243+356=599.


Worked Example 2: Addition With Regrouping


Find 587+476.


587+476

Start with the ones: 7+6=13. Write down 3 ones and regroup 1 ten.


Next, add the tens: 8+7+1=16. Write down 6 tens and regroup 1 hundred.


Now add the hundreds: 5+4+1=10.


1 587+476

After regrouping in all places, the answer is:


587+4761063

So, 587+476=1,063.


Main Idea for Subtraction


In subtraction, we also line up digits by place value and start from the ones place.


Sometimes the top digit is smaller than the bottom digit. When that happens, we regroup from the place to the left. Regrouping means taking 1 from the next place value and turning it into 10 of the current place.


For example:


  	1 ten can become 10 ones

  	1 hundred can become 10 tens

  	1 thousand can become 10 hundreds




Steps for the Standard Subtraction Algorithm



  	Write the larger number on top.

  	Line up digits by place value.

  	Subtract from right to left, starting with the ones place.

  	If the top digit is smaller, regroup from the place to the left.

  	Continue until every place has been subtracted.




Worked Example 3: Subtraction With One Regrouping


Find 532−178.


532−178

Start with the ones: 2−8 cannot be done, so regroup 1 ten from the tens place.


The 3 tens becomes 2 tens, and the 2 ones becomes 12 ones.


Now subtract the ones: 12−8=4

Subtract the tens: 2−7 cannot be done, so regroup 1 hundred.


The 5 hundreds becomes 4 hundreds, and the 2 tens becomes 12 tens.


Now subtract the tens: 12−7=5

Subtract the hundreds: 4−1=3


532−178354

So, 532−178=354.


Worked Example 4: Subtraction Across Zeros


Find 4,002−587.


4002−0587

This problem is tricky because there are zeros in the middle.


Start with the ones: 2−7 cannot be done. The tens digit is 0, so we cannot borrow from there yet.


We look to the hundreds digit. It is also 0, so we look to the thousands digit.


Take 1 thousand from 4 thousands. Now there are 3 thousands, and the hundreds place becomes 10 hundreds.


Then take 1 hundred from the 10 hundreds. Now there are 9 hundreds, and the tens place becomes 10 tens.


Then take 1 ten from the 10 tens. Now there are 9 tens, and the ones place becomes 12 ones.


Now subtract each place:


  	Ones: 12−7=5

  	Tens: 9−8=1

  	Hundreds: 9−5=4

  	Thousands: 3−0=3




4002−05873415

So, 4,002−587=3,415.


Helpful Tips



  	Always line up numbers by place value.

  	Start from the right.

  	In addition, regroup when a sum is 10 or more.

  	In subtraction, regroup when the top digit is smaller than the bottom digit.

  	Write neatly so your digits stay in the correct columns.




How to Check Your Work


You can check addition with subtraction. For example, if 587+476=1,063, then 1,063−476 should equal 587.


You can check subtraction with addition. For example, if 532−178=354, then 354+178 should equal 532.


Common Mistakes to Avoid



  	Not lining up digits correctly

  	Forgetting to regroup

  	Carrying or borrowing to the wrong place

  	Starting from the left instead of the right

  	Skipping a digit when writing the answer




[image: 📋]   Summary


Addition and subtraction algorithms are organized ways to solve problems with large numbers. They work best when you pay close attention to place value.


In addition, add from right to left and regroup when needed. In subtraction, subtract from right to left and regroup when the top digit is too small.


With practice, these steps will become easier and faster. Neat work and careful regrouping will help you get correct answers.


  
  Put what you read to the test

  You've worked through Addition and Subtraction Algorithms. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/494
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  Multiplication Area Models and Partial Products


When we multiply larger numbers, it helps to break the numbers apart into tens, hundreds, and ones. Then we can multiply the smaller parts and put the answers together.


Two very helpful tools for this are the area model and partial products. These tools show why multiplication works, not just how to get the answer.


In this lesson, you will learn how to use area models and partial products to multiply whole numbers with more than one digit.


1. What is an area model?


An area model is a rectangle split into smaller parts. Each side of the rectangle is broken into place-value parts, like tens and ones. Then we multiply each part to find the area of each smaller rectangle.


For example, to multiply 23×4, we can break 23 into 20+3.


23×4=(20+3)×4

Now multiply each part by 4:



  	20×4=80

  	3×4=12




Then add the partial products:


80+12=92

So, 23×4=92.


2. What are partial products?


Partial products are the smaller multiplication answers you get after breaking apart a factor. Then you add those smaller answers together to get the final product.


In the example 23×4, the partial products are:



  	80

  	12




Adding them gives the total product, 92.


3. Why do we break numbers apart?


Breaking numbers apart makes multiplication easier because we can use place value.


For example:



  	34 can be broken into 30+4

  	126 can be broken into 100+20+6

  	58 can be broken into 50+8




This helps us multiply by tens and hundreds, which is often easier to do.


4. How to use an area model


Here are the steps:



  	Break one or both factors into place-value parts.

  	Draw a rectangle.

  	Label the sides with the broken-apart numbers.

  	Multiply to find the area of each smaller rectangle.

  	Add all the smaller areas.




If both factors have more than one digit, both numbers can be broken apart.


For example, 14×12:


14=10+4

12=10+2

This creates 4 smaller rectangles.


Worked Example 1: Multiply 23×4


Break apart 23:


23=20+3

Multiply each part by 4:


20×4=80

3×4=12

Add the partial products:


80+12=92

Answer: 23×4=92


Worked Example 2: Multiply 36×7


Break apart 36:


36=30+6

Now multiply each part by 7:


30×7=210

6×7=42

Add the partial products:


210+42=252

Answer: 36×7=252


Worked Example 3: Multiply 14×12


Now both factors have two digits, so break both apart:


14=10+4

12=10+2

Use an area model with 4 smaller parts:



  	10×10=100

  	10×2=20

  	4×10=40

  	4×2=8




These are the partial products. Now add them:


100+20+40+8=168

Answer: 14×12=168


Worked Example 4: Multiply 23×15


Break apart both factors:


23=20+3

15=10+5

Find each smaller product:



  	20×10=200

  	20×5=100

  	3×10=30

  	3×5=15




Add all the partial products:


200+100+30+15=345

Answer: 23×15=345


5. Connecting area models and partial products


An area model and partial products are really showing the same idea.



  	The area model shows the multiplication with rectangles.

  	The partial products show the multiplication with numbers.




For 23×15, the area model has 4 smaller rectangles. Each rectangle matches one partial product:



  	20×10=200

  	20×5=100

  	3×10=30

  	3×5=15




Then we add them all to get 345.


6. Place value matters


Be careful with place value when multiplying.


For example, in 30×7, the answer is not 21. Since 30 means 3 tens,


30×7=210

Also,


20×10=200

It helps to think about what each number really means:



  	20 means 2 tens

  	10 means 1 ten

  	2 tens times 1 ten = 2 hundreds




7. Common mistakes to avoid



  	Forgetting to break numbers apart correctly. Example: 34=30+4, not 3+4.

  	Ignoring place value. Example: 40×6=240, not 24.

  	Leaving out a partial product. If both factors are broken apart, make sure every part is multiplied.

  	Adding incorrectly at the end. Check your addition carefully.




8. Quick practice thinking


Try thinking through these:



  	42×3=(40×3)+(2×3)

  	21×13=(20×10)+(20×3)+(1×10)+(1×3)




You can solve them by finding each partial product and adding.


[image: 📋]   Summary


Area models and partial products help you multiply by breaking numbers into tens, hundreds, and ones. This makes large multiplication problems easier to understand.


Remember:



  	Break numbers apart by place value.

  	Multiply each part.

  	Add the partial products.




If you use place value carefully, area models and partial products can help you solve multi-digit multiplication with confidence.


  
  Put what you read to the test

  You've worked through Multiplication Area Models and Partial Products. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/495






  [image: 📝]   Lesson 14: Standard Multiplication Algorithm

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/544




  Standard Multiplication Algorithm is a quick and organized way to multiply larger whole numbers.
You may already know how to multiply using partial products. The standard algorithm does the same job, but it lines up the work in a neat way so it is faster to use.
In this lesson, you will learn how to multiply multi-digit whole numbers step by step. You will also see why place value is so important.
What is the standard multiplication algorithm?
The standard multiplication algorithm is the usual written method for multiplication. You multiply one digit at a time, starting with the digit in the ones place. Then you move to the next place value.
As you multiply, you may need to regroup. Regrouping means carrying extra tens, hundreds, or thousands to the next place.
Why place value matters
Every digit has a value based on its place. In the number 34, the 3 means 3 tens, or 30, and the 4 means 4 ones.
When multiplying, the place of each digit changes the size of the product. That is why it is important to line up numbers carefully.
For example, when multiplying by a digit in the tens place, you are really multiplying by tens, not just ones.
Steps for multiplying a 2-digit number by a 1-digit number
	Write the numbers in vertical form.
	Start multiplying from the ones place.
	If the product is 10 or more, write the ones digit and regroup the tens digit above the next column.
	Multiply the next digit and add any regrouped amount.

Example 1: Multiply 34×2
Write the problem vertically:
34× 2
Start with the ones place: 2×4=8. Write 8 in the ones place.
Next multiply the tens place: 2×3=6. Since the 3 means 3 tens, this is really 6 tens, or 60.
So the product is:
34× 268
Therefore, 34×2=68.
Steps for multiplying a 2-digit number by a 2-digit number
	Write the numbers in vertical form.
	Multiply the top number by the ones digit of the bottom number.
	Then multiply the top number by the tens digit of the bottom number.
	Because the tens digit really means tens, start that second row in the tens place.
	Add the two partial products.

Example 2: Multiply 23×14
Write the problem vertically:
23× 14
First multiply by the ones digit, 4.
4×3=12. Write 2 and regroup 1 ten.
4×2=8. Add the regrouped 1 to get 9.
The first partial product is 92.
23× 1492
Now multiply by the tens digit, 1. This 1 really means 10, so the new row starts in the tens place.
1×3=3, but really 3 tens, so write it in the tens place.
1×2=2, but really 2 hundreds.
The second partial product is 230.
23× 1492230
Add the partial products:
92230322
So, 23×14=322.
Understanding the zero in the second row
When you multiply by a tens digit, the product is really tens, so the second row starts one place to the left.
Some students place a 0 in the ones place as a reminder.
For example, in 23×14, the 1 in 14 means 10. So multiplying by 1 in the tens place is really multiplying by 10.
Example 3: Multiply 46×27
First multiply by the ones digit, 7.
7×6=42. Write 2 and regroup 4.
7×4=28. Add 4 to get 32.
The first partial product is 322.
46× 27322
Now multiply by the tens digit, 2. This really means 20.
Start in the tens place.
2×6=12. Write 2 in the tens place and regroup 1.
2×4=8. Add 1 to get 9.
The second partial product is 920.
46× 27322920
Add:
3229201242
So, 46×27=1242.
Multiplying numbers with more digits
The same steps work for larger numbers too. You still multiply one digit at a time, regroup when needed, and line up each new row by place value.
Example 4: Multiply 324×15
First multiply by the ones digit, 5.
5×4=20. Write 0 and regroup 2.
5×2=10. Add 2 to get 12. Write 2 and regroup 1.
5×3=15. Add 1 to get 16.
The first partial product is 1620.
324× 151620
Now multiply by the tens digit, 1. This really means 10, so begin in the tens place.
1×4=4, really 4 tens.
1×2=2, really 2 hundreds.
1×3=3, really 3 thousands.
The second partial product is 3240.
324× 1516203240
Add the partial products:
162032404860
So, 324×15=4860.
Common mistakes to watch for
	Not lining up digits correctly. Make sure each row matches the correct place value.
	Forgetting to regroup. If a product is 10 or more, carry the extra value to the next column.
	Forgetting the zero or place shift in the second row. When multiplying by tens, start one place to the left.
	Adding partial products incorrectly. Check your addition carefully at the end.

Helpful tips
	Work from right to left.
	Write neatly so the place values line up.
	Say the place value to yourself: ones, tens, hundreds.
	After solving, estimate to see if your answer makes sense.

For example, to estimate 46×27, you can think of 50×30=1500. The exact answer, 1242, is close to that estimate, so it makes sense.
Brief summary
The standard multiplication algorithm is a fast way to multiply multi-digit whole numbers. You multiply one digit at a time, regroup when needed, and use place value to line up each row correctly.
Remember: multiply the ones first, then the tens, then add the partial products. If you keep your work neat and pay attention to place value, this method becomes much easier.


  
  Put what you read to the test

  You've worked through Standard Multiplication Algorithm. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/496
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  Division Foundations and Partial Quotients


Division helps us find out how many equal groups we can make or how many items will be in each group. In 5th grade, we divide larger numbers, and one helpful method is called partial quotients.


The partial quotients method breaks a big division problem into smaller, easier steps. Instead of trying to do everything at once, we subtract large groups of the divisor until we reach 0 or a smaller leftover amount called a remainder.


In this lesson, you will learn what division means, how partial quotients work, and how to solve multi-digit division problems step by step.


1. What division means


Division can mean:


  	Sharing equally: If 24 cookies are shared among 6 children, each child gets 4 cookies.

  	Making groups: If you put 24 cookies into groups of 6, you can make 4 groups.




Both ideas can be written as:

24÷6=4


In a division problem:


  	The dividend is the number being divided.

  	The divisor is the number you divide by.

  	The quotient is the answer.

  	A remainder is what is left over if the division is not exact.




For example, in 35÷6=5 remainder 5:


  	35 is the dividend

  	6 is the divisor

  	5 is the quotient

  	5 is the remainder




2. What are partial quotients?


A partial quotient is a piece of the final quotient. We find how many groups of the divisor we can subtract at one time. Then we keep going until there is not enough left to subtract another full group.


This method works well because you can use numbers that are easy for you. You might subtract 10 groups, 5 groups, 2 groups, or 1 group at a time.


At the end, you add the partial quotients together to find the total quotient.


3. The basic steps for partial quotients


  	Write the division problem.

  	Choose an easy multiple of the divisor to subtract from the dividend.

  	Record how many groups you subtracted. This is a partial quotient.

  	Subtract and find what is left.

  	Repeat until the leftover number is smaller than the divisor.

  	Add all the partial quotients.

  	If there is anything left, write it as a remainder.




4. Why this method makes sense


Suppose you are solving 84÷4. You are really asking, “How many 4s are in 84?” Instead of counting by 4s one at a time, you can remove larger chunks.


For example:


  	10 groups of 4 is 40

  	Another 10 groups of 4 is 40

  	1 more group of 4 is 4




That means:

84=40+40+4


So the number of groups is:

10+10+1=21


Therefore:

84÷4=21


5. Worked Example 1: Two-digit dividend


Solve 84÷4.


We will subtract easy multiples of 4.


  	Subtract 40, because 10×4=40

  	Subtract another 40, because 10×4=40

  	Subtract 4, because 1×4=4




Here is the work:

84÷4

84−40=44(10)

44−40=4(10)

4−4=0(1)


Now add the partial quotients:

10+10+1=21


So:

84÷4=21


6. Worked Example 2: Three-digit dividend


Solve 156÷6.


Think of easy multiples of 6:


  	10×6=60

  	20×6=120

  	5×6=30

  	1×6=6




We can subtract 120 first.

156−120=36(20)


Then subtract 30.

36−30=6(5)


Then subtract 6.

6−6=0(1)


Add the partial quotients:

20+5+1=26


So:

156÷6=26


7. Worked Example 3: Division with a remainder


Solve 178÷8.


We use easy multiples of 8.


  	20×8=160

  	2×8=16




Subtract 160 first.

178−160=18(20)


Now subtract 16.

18−16=2(2)


The leftover 2 is smaller than 8, so we stop.


Add the partial quotients:

20+2=22


So:

178÷8=22 remainder 2


This can also be written as:

178÷8=22 R2


8. Worked Example 4: Using bigger chunks


Solve 432÷12.


We can use bigger chunks to make the work faster.


  	30×12=360

  	5×12=60

  	1×12=12




Now subtract step by step:

432−360=72(30)

72−60=12(5)

12−12=0(1)


Add the partial quotients:

30+5+1=36


So:

432÷12=36


9. Important ideas to remember


  	You do not have to subtract the same size chunk each time.

  	You can choose any easy multiple of the divisor.

  	The partial quotients must be added at the end.

  	If the leftover amount is smaller than the divisor, it is the remainder.




10. How to check your answer


You can check a division answer by using multiplication.


If there is no remainder:

quotient×divisor=dividend


Example:

To check 156÷6=26:

26×6=156


If there is a remainder:

quotient×divisor+remainder=dividend


Example:

To check 178÷8=22 R2:

22×8+2=176+2=178


11. Common mistakes to avoid


  	Forgetting to add the partial quotients. The numbers on the side must be added together.

  	Subtracting a number that is not a multiple of the divisor. If the divisor is 6, subtract numbers like 6, 12, 18, 24, 60, or 120.

  	Stopping too soon. Keep going until what is left is smaller than the divisor.

  	Writing a remainder that is too large. A remainder must always be less than the divisor.




12. Quick practice ideas

Try these on your own using partial quotients:


  	96÷3

  	245÷5

  	203÷9




As you solve, ask yourself:


  	What easy multiples of the divisor do I know?

  	How much can I subtract first?

  	Did I add all my partial quotients?

  	Is my remainder smaller than the divisor?




[image: 📋]   Summary


Partial quotients is a division method that breaks a large problem into smaller, easier parts. You subtract easy multiples of the divisor, keep track of how many groups you removed, and then add those groups together.


This method helps you understand what division means instead of only memorizing steps. With practice, you will get faster and more confident dividing multi-digit whole numbers.


  
  Put what you read to the test

  You've worked through Division Foundations and Partial Quotients. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/497






  [image: 📝]   Lesson 16: Long Division Algorithm

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/546




  Long Division Algorithm helps us divide larger whole numbers step by step. It is a neat way to find how many equal groups we can make, and whether anything is left over.
When we use long division, we are answering questions like: How many times does one number fit into another? For example, if 84 stickers are shared equally among 4 students, long division helps us find how many stickers each student gets.
Long division may look big at first, but it becomes much easier when you follow the same steps in order every time.
The 4 main steps are:
	Divide – Ask: how many times does the divisor fit into the number?
	Multiply – Multiply the divisor by the number you chose.
	Subtract – Subtract to find what is left.
	Bring down – Bring down the next digit and repeat.

Many students remember this with the phrase Divide, Multiply, Subtract, Bring Down.
Let’s name the parts of a division problem:
	Dividend: the number being divided
	Divisor: the number you are dividing by
	Quotient: the answer
	Remainder: the amount left over, if any

In the problem 84÷4=21:
	84 is the dividend
	4 is the divisor
	21 is the quotient

Important idea: In long division, you work from left to right, one digit at a time.
We also use multiplication facts a lot in division. Knowing facts like 6×4=24 helps you decide how many times 6 goes into 24.
Example 1: One-digit divisor, no remainder
Find 84÷4.
We write it like this:
4)84‾
Step 1: Divide. Ask: how many times does 4 go into 8? It goes into 8 exactly 2 times.
Write 2 above the 8.
24)84‾
Step 2: Multiply. Multiply 2×4=8.
Write 8 under the 8.
24)84‾8‾
Step 3: Subtract. 8−8=0.
Step 4: Bring down. Bring down the 4.
Now ask: how many times does 4 go into 4? It goes 1 time.
Write 1 above the 4.
214)84‾8‾04
Multiply: 1×4=4.
Subtract: 4−4=0.
There is nothing left, so the answer is:
84÷4=21
Example 2: One-digit divisor with a remainder
Find 95÷4.
Set up the problem:
4)95‾
Step 1: Divide. How many times does 4 go into 9? It goes 2 times, because 2×4=8, and 3×4=12 is too big.
Write 2 above the 9.
Step 2: Multiply. 2×4=8.
Step 3: Subtract. 9−8=1.
Step 4: Bring down. Bring down the 5, making 15.
Now ask: how many times does 4 go into 15? It goes 3 times, because 3×4=12, and 4×4=16 is too big.
Write 3 above the 5.
Multiply: 3×4=12.
Subtract: 15−12=3.
There are no more digits to bring down, so 3 is the remainder.
95÷4=23 R 3
This means 4 fits into 95 a total of 23 times, with 3 left over.
Example 3: When the first digit is too small
Find 156÷12.
Set it up:
12)156‾
Look at the first digit, 1. Can 12 go into 1? No. So we look at the first two digits, 15.
Step 1: Divide. How many times does 12 go into 15? It goes 1 time.
Write 1 above the 5 in 156.
Step 2: Multiply. 1×12=12.
Step 3: Subtract. 15−12=3.
Step 4: Bring down. Bring down the 6, making 36.
Now ask: how many times does 12 go into 36? It goes 3 times because 3×12=36.
Write 3 above the 6.
Multiply: 3×12=36.
Subtract: 36−36=0.
So the answer is:
156÷12=13
Example 4: Two-digit divisor with a remainder
Find 389÷15.
Set it up:
15)389‾
First, check 3. Since 15 cannot go into 3, look at 38.
Step 1: Divide. How many times does 15 go into 38? It goes 2 times because 2×15=30, and 3×15=45 is too big.
Write 2 above the 8.
Step 2: Multiply. 2×15=30.
Step 3: Subtract. 38−30=8.
Step 4: Bring down. Bring down the 9, making 89.
Now ask: how many times does 15 go into 89? It goes 5 times because 5×15=75, and 6×15=90 is too big.
Write 5 above the 9.
Multiply: 5×15=75.
Subtract: 89−75=14.
There are no more digits to bring down, so the remainder is 14.
389÷15=25 R 14
How to check your answer
You can check division with multiplication.
If there is no remainder, multiply the quotient by the divisor.
For Example 3:
13×12=156
So 156÷12=13 is correct.
If there is a remainder, use this rule:
divisor×quotient+remainder=dividend
For Example 4:
15×25+14=375+14=389
So the answer is correct.
Tips for success
	Go one step at a time. Do not skip steps.
	Use multiplication facts. They help you decide how many times the divisor fits.
	Choose the greatest number that is not too big. For example, when dividing by 15, if 6 times is too much, try 5 times.
	Keep digits lined up carefully. Good spacing helps prevent mistakes.
	Remember that the remainder must be smaller than the divisor. For example, when dividing by 15, the remainder must be less than 15.

Common mistakes to avoid
	Forgetting to bring down the next digit
	Using a multiplication number that is too large
	Placing the quotient digit above the wrong digit
	Forgetting to subtract after multiplying
	Writing a remainder that is larger than the divisor

What if the divisor does not go into the first digit?
This happens often with two-digit divisors. Just look at more digits from the dividend until the divisor can fit.
For example, in 156÷12, 12 cannot go into 1, so we look at 15 instead.
Let’s review the pattern:
	Look at the first digit or digits.
	Divide.
	Multiply.
	Subtract.
	Bring down the next digit.
	Repeat until there are no more digits left.

Brief Summary
Long division is a step-by-step way to divide large whole numbers. The steps are Divide, Multiply, Subtract, Bring Down. You can use long division with one-digit and two-digit divisors, and your answer may have a remainder. Always check your work by multiplying the quotient by the divisor and adding the remainder if needed.


  
  Put what you read to the test

  You've worked through Long Division Algorithm. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/498






  [image: 📝]   Lesson 17: Interpreting Remainders

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/547




  Interpreting Remainders means deciding what a remainder means in a real-world division problem.
Sometimes the remainder is just extra that is left over. Sometimes it means you need one more group. Other times, the remainder should be written as part of an answer, like a fraction or decimal.
In this lesson, you will learn how to divide, find the remainder, and then decide what to do with it based on the situation.
First, what is a remainder?
When one whole number does not divide evenly by another whole number, there is an amount left over. That amount is called the remainder.
For example, in 17÷5=3 remainder 2 the number 5 fits into 17 three times, and 2 are left over.
Why does interpreting the remainder matter?
In math class, you might stop after finding the quotient and remainder. But in word problems, you must think about what the answer means.
Ask yourself:
	Does the leftover amount get ignored?
	Do I need to round up because one more group is needed?
	Should I write the remainder as a fraction or decimal because the leftover part matters?

There are 3 common ways to interpret a remainder:
	Ignore the remainder
	Round up
	Use the remainder as part of the answer

1. Ignore the remainder
Ignore the remainder when only the number of full groups matters.
For example, if 26 students are making teams of 4, you can make:
26÷4=6 remainder 2
This means there are 6 full teams, with 2 students left over. If the question asks, “How many full teams can be made?” the answer is 6 teams. The remainder is ignored because it does not make another full team.
2. Round up
Round up when the remainder means you need one more group, item, or trip.
For example, if 26 students need to ride in vans that hold 4 students each:
26÷4=6 remainder 2
Six vans hold only 24 students. There are still 2 students left. So you need 7 vans.
Even though the quotient is 6 remainder 2, the real answer is 7 because everyone must fit.
3. Use the remainder as part of the answer
Sometimes the leftover part is important, so you do not ignore it or round it away.
You can write the remainder as a fraction:
17÷5=325
because the remainder 2 is part of another group of 5.
You can also write it as a decimal:
17÷5=3.4
This is useful when the answer can be shared exactly, such as money, distance, or length.
How do I know which one to use?
Use the story in the problem to decide.
	Ignore the remainder when only complete groups count.
	Round up when you need enough groups to cover everything.
	Use a fraction or decimal when the leftover part is still part of the answer.

A helpful thinking plan:
	Divide.
	Find the remainder.
	Ask, “What does the remainder mean in this problem?”
	Choose whether to ignore it, round up, or keep it as part of the answer.

Worked Example 1: Ignore the remainder
Problem: A teacher has 23 markers. She puts them into boxes that hold 5 markers each. How many full boxes can she make?
Step 1: Divide.
23÷5=4 remainder 3
Step 2: Interpret the remainder.
The question asks for full boxes. The 3 leftover markers do not fill another box.
Answer: She can make 4 full boxes.
Worked Example 2: Round up
Problem: There are 23 markers. Boxes hold 5 markers each. How many boxes are needed to hold all the markers?
Step 1: Divide.
23÷5=4 remainder 3
Step 2: Interpret the remainder.
Four boxes can hold only 20 markers. There are still 3 markers left, so one more box is needed.
Answer: 5 boxes are needed.
Worked Example 3: Use the remainder as a fraction
Problem: Three granola bars are shared equally among 4 children. How much does each child get?
Step 1: Write the division.
3÷4
Step 2: Think about the situation.
The bars can be split into equal parts, so the leftover amount should be part of the answer.
3÷4=34
Answer: Each child gets 34 of a granola bar.
Worked Example 4: Use the remainder as a decimal
Problem: A rope that is 14 meters long is cut into 4 equal pieces. How long is each piece?
Step 1: Divide.
14÷4=3 remainder 2
Step 2: Interpret the remainder.
The leftover part is still part of each piece, so we should not ignore it or round up.
The remainder 2 out of 4 is:
24=12=0.5
So:
14÷4=3.5
Answer: Each piece is 3.5 meters long.
Look at the question carefully
Sometimes two problems use the same division, but the answers are different because the questions are different.
For example:
31÷6=5 remainder 1
	If 31 cookies are packed into bags of 6, how many full bags? Answer: 5
	If 31 cookies are packed into bags of 6, how many bags are needed? Answer: 6
	If 31 feet of ribbon are shared equally into 6 parts, how much in each part? Answer: 516 feet

Clue words can help
	Full groups, complete rows, or whole teams often mean ignore the remainder.
	Needed, enough, all, or everyone fits often mean round up.
	Shared equally, each piece, or exact amount often mean use a fraction or decimal.

Be careful of these common mistakes:
	Do not always round up just because there is a remainder.
	Do not always ignore the remainder just because the quotient is a whole number.
	Do not forget to read what the question is really asking.

Try these quick thinking checks:
	27 chairs are put into rows of 5. How many full rows? 5 rows because 27÷5=5 remainder 2 and only full rows count.
	27 chairs are put into rows of 5. How many rows are needed for all the chairs? 6 rows because the 2 extra chairs still need a row.
	27 liters of juice are poured equally into 5 containers. How much in each container? 525 liters or 5.4 liters.

[image: 📋]   Summary
A remainder is the amount left over after division.
To interpret a remainder, think about the real-life meaning of the problem. You may need to ignore the remainder, round up, or keep the remainder as a fraction or decimal.
The most important step is to ask, “What does the leftover amount mean here?”


  
  Put what you read to the test

  You've worked through Interpreting Remainders. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/499






  [image: 📝]   Lesson 18: Order of Operations
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  Order of Operations tells us the correct order to solve a math expression when it has more than one operation.
This is important because if people solve the same expression in different orders, they can get different answers. Order of Operations helps everyone get the same correct answer.
An expression is a math sentence with numbers and operation signs like addition, subtraction, multiplication, and division. For example, 8+3×2 is an expression.
When solving expressions, follow these steps in order:
	Grouping symbols first: solve anything inside parentheses () or brackets [].
	Multiplication and division: work from left to right.
	Addition and subtraction: work from left to right.

You do not always go left to right for everything. First, you must check for grouping symbols. Then do multiplication and division before addition and subtraction.
Here is the order in a short form:
Grouping Symbols→Multiplication/Division→Addition/Subtraction
Let’s look closely at each part.
1. Grouping symbols
Grouping symbols tell you what to solve first. In 5th grade, the most common grouping symbols are:
	Parentheses: ()
	Brackets: []

If there are brackets and parentheses together, solve the innermost part first.
2. Multiplication and division
After solving inside grouping symbols, do all multiplication and division from left to right.
This means if division comes before multiplication, do the division first because it is farther left.
3. Addition and subtraction
Last, do addition and subtraction from left to right.
Just like multiplication and division, you do whichever one comes first as you move from left to right.
Important reminders
	Addition does not always come before subtraction.
	Multiplication does not always come before division.
	For those pairs, work left to right.
	Always solve inside grouping symbols first.

Worked Example 1
Solve:
8+3×2
First, look for grouping symbols. There are none.
Next, do multiplication before addition.
3×2=6
Now the expression becomes:
8+6
Then add:
8+6=14
Answer: 14
If someone added first, they would get 8+3=11, then 11×2=22, which is incorrect. That is why order matters.
Worked Example 2
Solve:
(12−4)÷2
First, solve inside the parentheses:
12−4=8
Now the expression becomes:
8÷2
Now divide:
8÷2=4
Answer: 4
Worked Example 3
Solve:
18÷3×2
There are no grouping symbols.
Now do division and multiplication from left to right.
First:
18÷3=6
Now the expression becomes:
6×2
Then multiply:
6×2=12
Answer: 12
Notice that we did not multiply 3×2 first. We followed left to right for division and multiplication.
Worked Example 4
Solve:
[6+(10−2)]×3
First, solve inside the parentheses:
10−2=8
Now the expression becomes:
[6+8]×3
Next, solve inside the brackets:
6+8=14
Now the expression becomes:
14×3
Then multiply:
14×3=42
Answer: 42
How to check your work
	Did you solve inside parentheses or brackets first?
	Did you do multiplication and division before addition and subtraction?
	Did you move left to right when operations were in the same group?
	Did you rewrite the expression carefully after each step?

Common mistakes to avoid
	Mistake: Always working left to right, no matter what.
Fix: Check for grouping symbols first, then multiplication/division, then addition/subtraction.
	Mistake: Doing addition before multiplication.
Fix: Multiplication and division come before addition and subtraction.
	Mistake: Forgetting to solve everything inside brackets or parentheses.
Fix: Finish the grouped part before moving on.
	Mistake: Not following left to right for multiplication and division or for addition and subtraction.
Fix: In the same group, go from left to right.

Try these on your own
	7+4×5
	(15−9)+6
	20÷5×3
	[9+(8÷2)]−5

Answers
	7+4×5=7+20=27
	(15−9)+6=6+6=12
	20÷5×3=4×3=12
	[9+(8÷2)]−5=[9+4]−5=13−5=8

[image: 📋]   Summary
Order of Operations is the rule for solving expressions in the correct order. First solve inside grouping symbols, then do multiplication and division from left to right, and last do addition and subtraction from left to right.
When you follow these steps carefully, you can solve expressions correctly and confidently.


  
  Put what you read to the test

  You've worked through Order of Operations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/500
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  Mental Math and Compensation is a smart way to do math in your head.
Instead of solving a problem the long way, you can change a number to a friendly number first. Friendly numbers are numbers that are easy to work with, like 10, 20, 50, 100, or 1,000.
When you change a number to make the math easier, you must also compensate. That means you fix the answer so it stays correct.
Compensation is like keeping a balance. If you add a little extra at the beginning, you take that extra away at the end. If you take away too much at first, you put it back later.
Why use compensation?
	It helps you solve problems faster.
	It makes mental math easier.
	It helps you notice number patterns.
	It builds confidence with larger numbers.

1. Compensation with Addition
In addition, you can change one addend to a nearby friendly number. Then adjust the total to make up for the change.
For example, if you change 39 to 40, you added 1 extra. So after adding, you must subtract 1.
Here is the idea:
39+26=40+26−1
This works because 40 is 1 more than 39.
Worked Example 1
Find 39+26 mentally.
	Change 39 to the friendly number 40.
	Add: 40+26=66
	Since 39 was really 1 less than 40, subtract 1.

40+26=66 66−1=65
So, 39+26=65.
2. Compensation with Subtraction
In subtraction, you can also change a number to a friendly number. But you must be careful to adjust correctly.
Suppose you solve 52−19. The number 19 is close to 20, which is easier to subtract.
If you subtract 20 instead of 19, you subtract 1 too much. So you need to add 1 back.
Here is the idea:
52−19=52−20+1
Worked Example 2
Find 52−19 mentally.
	Change 19 to 20.
	Subtract: 52−20=32
	You subtracted 1 too much, so add 1 back.

52−20=32 32+1=33
So, 52−19=33.
3. Compensation with Larger Addition
Compensation is very helpful with bigger numbers too.
If a number is close to 100 or 1,000, you can use that friendly number to make the work quick and neat.
Worked Example 3
Find 298+47 mentally.
	Change 298 to 300.
	Add: 300+47=347
	But 298 is 2 less than 300, so subtract 2.

300+47=347 347−2=345
So, 298+47=345.
4. Compensation with Larger Subtraction
You can use the same idea with larger subtraction problems.
Worked Example 4
Find 604−297 mentally.
	Change 297 to 300.
	Subtract: 604−300=304
	Since 300 is 3 more than 297, you subtracted 3 too much.
	Add 3 back.

604−300=304 304+3=307
So, 604−297=307.
How to know whether to add back or subtract back
	Addition: If you rounded a number up, subtract the extra at the end. If you rounded a number down, add the missing amount at the end.
	Subtraction: If you subtracted a bigger number than the original, add back the extra. If you subtracted a smaller number than the original, subtract the missing amount.

Quick examples
	48+27=50+27−2=75
	73+19=73+20−1=92
	81−29=81−30+1=52
	400−198=400−200+2=202

Helpful steps for using compensation
	Look for a number close to a friendly number.
	Change it to the friendly number.
	Do the easier math problem in your head.
	Adjust the answer to make up for the change.

When is compensation useful?
	When a number ends in 9, 8, 19, 29, 99, or 98
	When a number is close to 10, 20, 50, 100, or 1,000
	When you want to solve a problem quickly without writing it down

Be careful!
The most common mistake is forgetting to adjust the answer after changing the number.
Another common mistake is adjusting in the wrong direction. Always ask yourself:
	Did I make the number bigger or smaller?
	Did I add too much or subtract too much?
	What do I need to do to fix it?

[image: 📋]   Summary
Mental math and compensation help you solve problems quickly by changing numbers into friendly numbers.
After using the friendly number, you must adjust the answer so it matches the original problem.
With practice, compensation makes addition and subtraction with whole numbers faster and easier to do in your head.


  
  Put what you read to the test

  You've worked through Mental Math and Compensation. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/501






  
    
  [image: 📖]   Chapter 3

  Number Theory and Divisibility
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  Lesson: Factors and Multiples


Numbers can be connected in different ways. Two important number ideas are factors and multiples. Learning these helps you understand division, multiplication, fractions, and many other math skills.


In this lesson, you will learn what factors are, what multiples are, how they are different, and how to find them.


What is a factor?


A factor of a number is a whole number that divides evenly into that number. If there is no remainder, then the number is a factor.


For example, 3 is a factor of 12 because 12÷3=4 and there is no remainder.


You can also think about factors with multiplication. If two numbers multiply to make a product, then both numbers are factors of the product.


For example, since 3×4=12, both 3 and 4 are factors of 12.


What is a multiple?


A multiple of a number is what you get when you multiply that number by a whole number.


For example, multiples of 5 are found by multiplying 5 by 1, 2, 3, 4, and so on:



  	5×1=5

  	5×2=10

  	5×3=15

  	5×4=20




So some multiples of 5 are 5, 10, 15, 20.


Factors and multiples are different


It is easy to mix them up, so let’s compare them.



  	Factors are numbers you can divide by evenly.

  	Multiples are numbers you get when you multiply.




For the number 12:



  	Factors of 12: 1, 2, 3, 4, 6, 12

  	Some multiples of 12: 12, 24, 36, 48, 60




Notice something important:



  	A number has only a limited number of factors.

  	A number has infinitely many multiples.




How to find the factors of a number


To find factors, ask: What multiplication facts make this number?


Let’s find the factors of 18. We look for pairs of numbers that multiply to 18.



  	1×18=18

  	2×9=18

  	3×6=18




So the factors of 18 are 1, 2, 3, 6, 9, 18.


A helpful idea is to find factor pairs. A factor pair is two numbers that multiply to make the number.


How to find multiples of a number


To find multiples, multiply the number by 1, 2, 3, 4, and so on.


For 7:



  	7×1=7

  	7×2=14

  	7×3=21

  	7×4=28

  	7×5=35




So some multiples of 7 are 7, 14, 21, 28, 35.


Important facts to remember



  	Every number has 1 as a factor.

  	Every number is a factor of itself.

  	Every number is a multiple of 1.

  	The first multiple of a number is the number itself.




For example, for 9:



  	Factors of 9: 1, 3, 9

  	Some multiples of 9: 9, 18, 27, 36




Worked Example 1: Find the factors of 16


Step 1: Look for multiplication facts that make 16.



  	1×16=16

  	2×8=16

  	4×4=16




Step 2: List all the factors.


The factors of 16 are 1, 2, 4, 8, 16.


Worked Example 2: Find the first 5 multiples of 6


Multiply 6 by 1 through 5:



  	6×1=6

  	6×2=12

  	6×3=18

  	6×4=24

  	6×5=30




So the first 5 multiples of 6 are 6, 12, 18, 24, 30.


Worked Example 3: Is 5 a factor of 35? Is 35 a multiple of 5?


Check by dividing:


35÷5=7


There is no remainder, so 5 is a factor of 35.


Now think about multiplication:


5×7=35


So 35 is a multiple of 5.


This shows that factors and multiples are connected.


Worked Example 4: List the factors of 24 and the first 4 multiples of 24


First, find factor pairs of 24:



  	1×24=24

  	2×12=24

  	3×8=24

  	4×6=24




So the factors of 24 are 1, 2, 3, 4, 6, 8, 12, 24.


Now find the first 4 multiples of 24:



  	24×1=24

  	24×2=48

  	24×3=72

  	24×4=96




So the first 4 multiples of 24 are 24, 48, 72, 96.


A quick way to tell the difference



  	If you are asking, “What numbers go into this number evenly?” you are finding factors.

  	If you are asking, “What numbers do I get by skip-counting or multiplying?” you are finding multiples.




For example:



  	Factors of 10: 1, 2, 5, 10

  	Some multiples of 10: 10, 20, 30, 40, 50




Common mistakes to avoid



  	Do not list numbers that do not divide evenly as factors.

  	Do not confuse factor pairs with multiples.

  	Remember that factors are usually smaller than or equal to the number, but multiples can keep getting bigger.




For example, 5 is not a factor of 12 because 12÷5 does not make a whole number.


Let’s review


A factor divides a number evenly. A multiple is found by multiplying a number by whole numbers.


If you know your multiplication facts well, you can find factors and multiples more easily. Factors help you break numbers apart, and multiples help you build numbers up.


[image: 📋]   Summary



  	Factors are numbers that divide evenly into another number.

  	Multiples are numbers made by multiplying a number by whole numbers.

  	Factors can be found using multiplication pairs.

  	Multiples can be found by skip-counting or multiplying.

  	Factors and multiples are connected, but they are not the same.




Keep practicing by asking yourself: Am I dividing, or am I multiplying? That will help you decide whether to look for factors or multiples.


  
  Put what you read to the test

  You've worked through Factors and Multiples. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/502






  [image: 📝]   Lesson 21: Prime and Composite Numbers
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  Prime and Composite Numbers


Numbers can be sorted into groups in different ways. One important way is by looking at their factors.


A factor of a number is a whole number that divides the number evenly, with no remainder. For example, the factors of 12 are 1,2,3,4,6,12.


When we know a number’s factors, we can decide whether it is prime, composite, or a special number like 1.


What is a prime number?


A prime number is a whole number greater than 1 that has exactly two distinct factors: 1 and itself.


Examples of prime numbers are 2,3,5,7,11, and 13.


Let’s look at 7:



  	1×7=7

  	No other whole numbers divide 7 evenly.




So 7 has exactly two distinct factors: 1 and 7. That means 7 is prime.


What is a composite number?


A composite number is a whole number greater than 1 that has more than two distinct factors.


Examples of composite numbers are 4,6,8,9,10, and 12.


Let’s look at 8:



  	1×8=8

  	2×4=8




The factors of 8 are 1,2,4,8. Since 8 has more than two distinct factors, it is composite.


The special case: number 1


The number 1 is not prime and not composite.


Why? Because 1 has only one factor: itself.


To be prime, a number must have exactly two distinct factors. To be composite, a number must have more than two distinct factors. The number 1 does not fit either rule.


Important facts to remember



  	Prime numbers are greater than 1.

  	Prime numbers have exactly two distinct factors.

  	Composite numbers are greater than 1.

  	Composite numbers have more than two distinct factors.

  	The number 1 is neither prime nor composite.

  	The number 2 is the smallest prime number.




Why is 2 special?


The number 2 has exactly two distinct factors: 1 and 2. So it is prime.


It is also the only even prime number. Every other even number is divisible by 2, so it has at least three factors: 1, 2, and itself. That makes those even numbers composite.


How to tell if a number is prime or composite



  	Make sure the number is greater than 1.

  	Find all the whole-number factors.

  	Count the distinct factors.

  	If there are exactly two, the number is prime.

  	If there are more than two, the number is composite.




You can also think about factor pairs. A factor pair is two whole numbers multiplied together to make a product.


For example, the factor pairs of 12 are:


1×12,2×6,3×4

Since 12 has more than one factor pair, it has more than two factors, so it is composite.


If a number has only one factor pair, 1×that number, then it is prime.


Worked Example 1: Is 5 prime or composite?


Step 1: Find the factors of 5.



  	1 divides 5 evenly.

  	5 divides 5 evenly.




The factors are 1 and 5.


Step 2: Count the distinct factors.


There are exactly 2 distinct factors.


Answer: 5 is prime.


Worked Example 2: Is 9 prime or composite?


Step 1: Find the factors of 9.



  	1×9=9

  	3×3=9




The distinct factors are 1,3,9.


Step 2: Count the distinct factors.


There are 3 distinct factors.


Answer: 9 is composite.


Worked Example 3: Is 1 prime or composite?


Step 1: Find the factors of 1.



  	The only factor is 1.




Step 2: Count the distinct factors.


There is only 1 factor.


Answer: 1 is neither prime nor composite.


Worked Example 4: Is 21 prime or composite?


Step 1: Look for factor pairs.



  	1×21=21

  	3×7=21




So the factors of 21 are 1,3,7,21.


Step 2: Count the distinct factors.


There are 4 distinct factors.


Answer: 21 is composite.


Prime and composite numbers from 1 to 20



  	Prime: 2,3,5,7,11,13,17,19

  	Composite: 4,6,8,9,10,12,14,15,16,18,20

  	Neither: 1




A helpful tip


If a number is even and greater than 2, it is always composite. That is because it can be divided evenly by 2.


For example:


14÷2=7

So 14 has factors 1,2,7,14, which means it is composite.


Common mistakes to avoid



  	Do not say 1 is prime. It has only one factor.

  	Do not forget to count distinct factors.

  	Do not assume all odd numbers are prime. For example, 9 and 15 are odd, but they are composite.




[image: 📋]   Summary


Prime and composite numbers are classified by their factors.



  	A prime number has exactly two distinct factors: 1 and itself.

  	A composite number has more than two distinct factors.

  	The number 1 is neither prime nor composite.




When you are unsure, list the factors or factor pairs. Then count how many distinct factors the number has.


  
  Put what you read to the test

  You've worked through Prime and Composite Numbers. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/503






  [image: 📝]   Lesson 22: Divisibility Rules
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  Divisibility Rules help us tell whether one number can be divided by another number evenly, without doing the full division.


If a number divides evenly, it means there is no remainder.


For example, 24÷6=4, so 24 is divisible by 6. But 25÷6 does not divide evenly, so 25 is not divisible by 6.


Learning divisibility rules is useful because it helps you work faster with multiplication, division, fractions, and patterns in numbers.


Here are the divisibility rules you need to know:



  	Divisible by 2: The number ends in 0, 2, 4, 6, or 8.

  	Divisible by 3: Add the digits. If the sum is divisible by 3, then the number is divisible by 3.

  	Divisible by 4: Look at the last 2 digits. If that 2-digit number is divisible by 4, then the whole number is divisible by 4.

  	Divisible by 5: The number ends in 0 or 5.

  	Divisible by 6: The number must be divisible by both 2 and 3.

  	Divisible by 9: Add the digits. If the sum is divisible by 9, then the number is divisible by 9.

  	Divisible by 10: The number ends in 0.




Let’s look at each rule more closely.


Rule for 2

Numbers divisible by 2 are called even numbers. If the ones digit is 0, 2, 4, 6, or 8, the number can be divided by 2 evenly.


Examples: 18, 42, 90, and 136 are all divisible by 2.


Rule for 3

Add all the digits in the number. If that total can be divided by 3 evenly, then the original number is divisible by 3.


Example: For 123, add 1+2+3=6. Since 6 is divisible by 3, 123 is divisible by 3.


Rule for 4

Look only at the last two digits. If those two digits make a number divisible by 4, then the whole number is divisible by 4.


Example: In 316, the last two digits are 16. Since 16÷4=4, 316 is divisible by 4.


Rule for 5

If the number ends in 0 or 5, it is divisible by 5.


Examples: 35, 70, and 145 are divisible by 5.


Rule for 6

A number is divisible by 6 if it passes both the rule for 2 and the rule for 3.


That means the number must be even, and the sum of its digits must be divisible by 3.


Example: For 42, it ends in 2, so it is divisible by 2. Also, 4+2=6, and 6 is divisible by 3. So 42 is divisible by 6.


Rule for 9

Add the digits. If the sum is divisible by 9, then the number is divisible by 9.


Example: For 261, add 2+6+1=9. Since 9 is divisible by 9, 261 is divisible by 9.


Rule for 10

If the number ends in 0, it is divisible by 10.


Examples: 40, 120, and 3,560 are divisible by 10.


Worked Example 1

Is 58 divisible by 2, 5, or 10?


  	For 2: 58 ends in 8, so yes, it is divisible by 2.

  	For 5: 58 does not end in 0 or 5, so no, it is not divisible by 5.

  	For 10: 58 does not end in 0, so no, it is not divisible by 10.



So, 58 is divisible by 2 only.


Worked Example 2

Is 234 divisible by 3, 6, and 9?


  	Add the digits: 2+3+4=9.

  	Since 9 is divisible by 3, 234 is divisible by 3.

  	Since 234 ends in 4, it is divisible by 2.

  	Because it is divisible by both 2 and 3, it is divisible by 6.

  	Since the digit sum is 9, it is also divisible by 9.



So, 234 is divisible by 3, 6, and 9.


Worked Example 3

Is 412 divisible by 4?


  	Look at the last two digits: 12.

  	Since 12÷4=3, 12 is divisible by 4.

  	So, 412 is divisible by 4.




Worked Example 4

Which of these numbers are divisible by 2, 3, 5, 6, 9, and 10: 180?


  	For 2: 180 ends in 0, so yes.

  	For 3: 1+8+0=9, so yes.

  	For 5: it ends in 0, so yes.

  	For 6: it is divisible by both 2 and 3, so yes.

  	For 9: the digit sum is 9, so yes.

  	For 10: it ends in 0, so yes.



So, 180 is divisible by 2, 3, 5, 6, 9, and 10.


Helpful Tips


  	For 3 and 9, always add the digits.

  	For 4, only check the last two digits.

  	For 6, do not guess. Check both 2 and 3.

  	For 2, 5, and 10, the last digit tells you the answer.




Common Mistakes to Avoid


  	Thinking that a number divisible by 2 is always divisible by 6. It must also be divisible by 3.

  	Forgetting to add all the digits when checking 3 or 9.

  	Checking the whole number for 4 instead of just the last two digits.

  	Mixing up the rules for 5 and 10. Numbers divisible by 10 must end in 0, but numbers divisible by 5 can end in 0 or 5.




Quick Practice to Try


  	Is 75 divisible by 3 and 5?

  	Is 128 divisible by 4?

  	Is 246 divisible by 6?

  	Is 333 divisible by 9?




[image: 📋]   Summary

Divisibility rules are quick tests that help you know whether a number can be divided evenly. By checking the last digit, the last two digits, or the sum of the digits, you can test numbers for 2, 3, 4, 5, 6, 9, and 10 without doing full division.


The more you practice these rules, the faster and easier they will become.


  
  Put what you read to the test

  You've worked through Divisibility Rules. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/504
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  Prime Factorization means breaking a number into a multiplication of prime numbers.
This is an important skill because it helps us understand how numbers are built. It also helps later with fractions, finding common factors, and other number problems.
Before learning prime factorization, we need to know two important ideas: prime numbers and composite numbers.
A prime number has exactly 2 factors: 1 and itself.
	Examples: 2, 3, 5, 7, 11

A composite number has more than 2 factors.
	Examples: 4, 6, 8, 9, 10, 12

The number 1 is not prime and not composite.
When we do prime factorization, we keep breaking a number apart until all the factors are prime numbers.
How to Find Prime Factorization
There are two common ways to do this:
	Factor tree
	Continuous division

Let’s learn both.
1. Factor Tree Method
A factor tree starts with the number you want to break apart. Then you split it into two factors. If a factor is composite, split it again. Stop when every branch ends in a prime number.
Important: It does not matter which pair of factors you choose first. If you keep going until all the numbers are prime, you will get the same prime factorization.
Worked Example 1: Prime Factorization of 12
Start with 12. One factor pair is 3 and 4.
Then break 4 into 2 and 2.
Now all the end numbers are prime:
	3 is prime
	2 is prime
	2 is prime

So the prime factorization of 12 is:
12=2×2×3
We can also write this in order from least to greatest:
12=2×2×3
Worked Example 2: Prime Factorization of 18
Start with 18. One factor pair is 2 and 9.
Then break 9 into 3 and 3.
Now all factors are prime:
	2 is prime
	3 is prime
	3 is prime

So the prime factorization of 18 is:
18=2×3×3
Notice that we do not stop at 9, because 9 is composite. We must keep going until every factor is prime.
2. Continuous Division Method
In this method, divide the number by prime numbers step by step.
It is often easiest to try the smallest prime numbers first: 2, then 3, then 5, then 7, and so on.
Keep dividing until the answer is 1.
Worked Example 3: Prime Factorization of 24
Let’s divide by prime numbers.
Since 24 is even, divide by 2:
24÷2=12
12 is even, so divide by 2 again:
12÷2=6
6 is even, so divide by 2 again:
6÷2=3
3 is prime, so divide by 3:
3÷3=1
The prime numbers we used are 2, 2, 2, and 3.
So the prime factorization of 24 is:
24=2×2×2×3
Worked Example 4: Prime Factorization of 45
45 is not even, so it cannot be divided by 2.
But 4 + 5 = 9, and 9 is divisible by 3, so 45 is divisible by 3.
Divide by 3:
45÷3=15
15 is also divisible by 3:
15÷3=5
5 is prime, so divide by 5:
5÷5=1
The prime numbers we used are 3, 3, and 5.
So the prime factorization of 45 is:
45=3×3×5
How to Check Your Answer
You can check a prime factorization in two ways:
	Make sure every factor is prime.
	Multiply the prime factors to see if you get the original number.

For example, for 18:
2×3×3=18
Since 2, 3, and 3 are all prime, the answer is correct.
Helpful Tips
	If a number is even, try dividing by 2 first.
	If a number ends in 0 or 5, try dividing by 5.
	If the digits add to a multiple of 3, try dividing by 3.
	Keep going until all factors are prime.
	Do not use 1 in a prime factorization.

Common Mistakes
	Stopping too soon: For example, writing 12=3×4. This is not prime factorization because 4 is not prime.
	Using 1 as a prime factor: 1 is not prime.
	Missing a factor: Make sure the prime factors multiply back to the original number.

Why Different Factor Trees Still Work
You can start a factor tree in different ways.
For 12, you could do:
12=3×4
or
12=2×6
Then keep factoring:
4=2×2
6=2×3
Both ways give the same prime factors:
12=2×2×3
So even if your tree looks different, the final prime factorization will be the same.
[image: 📋]   Summary
Let’s review the big ideas.
	Prime factorization means writing a number as a product of prime numbers.
	A prime number has exactly 2 factors: 1 and itself.
	A composite number has more than 2 factors.
	You can find prime factorization using a factor tree or continuous division.
	Keep factoring until all factors are prime.
	Check your answer by multiplying the prime factors back together.

Examples:
	12=2×2×3
	18=2×3×3
	24=2×2×2×3
	45=3×3×5

Prime factorization is like finding the building blocks of a number. Once you know those building blocks, you can understand numbers much better.


  
  Put what you read to the test

  You've worked through Prime Factorization. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/505






  [image: 📝]   Lesson 24: Greatest Common Factor (GCF)
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  Greatest Common Factor (GCF) helps us find the biggest number that can divide two or more numbers evenly.


A factor of a number is a whole number that multiplies with another whole number to make that number.


For example, the factors of 12 are:


1,2,3,4,6,12

This is because:


  	1×12=12

  	2×6=12

  	3×4=12




When two numbers have some of the same factors, those are called common factors.


The greatest common factor is the largest factor they share.


Let’s learn how to find it step by step.


Why is GCF useful?


  	It helps us simplify fractions.

  	It helps us group objects into equal groups.

  	It helps us understand how numbers are connected.




Method 1: List the factors

One easy way to find the GCF is to list all the factors of each number, then look for the biggest one they have in common.


Worked Example 1: Find the GCF of 12 and 18


First, list the factors of each number.


Factors of 12:

1,2,3,4,6,12

Factors of 18:

1,2,3,6,9,18

Now find the common factors. These are the numbers in both lists:

1,2,3,6

The greatest one is 6.


So, the GCF of 12 and 18 is 6.


Worked Example 2: Find the GCF of 24 and 36


List the factors of each number.


Factors of 24:

1,2,3,4,6,8,12,24

Factors of 36:

1,2,3,4,6,9,12,18,36

Common factors:

1,2,3,4,6,12

The greatest common factor is 12.


Method 2: Use factor pairs

You can also find factors by making factor pairs.


For example, factor pairs of 20 are:


  	1×20

  	2×10

  	4×5




So the factors of 20 are:

1,2,4,5,10,20

This method helps you make sure you do not miss any factors.


Worked Example 3: Find the GCF of 20 and 30


Use factor pairs or list factors.


Factors of 20:

1,2,4,5,10,20

Factors of 30:

1,2,3,5,6,10,15,30

Common factors:

1,2,5,10

The greatest common factor is 10.


Finding the GCF of 3 numbers

You can also find the GCF of more than two numbers. The idea is the same: find the factors all the numbers share, then choose the greatest one.


Worked Example 4: Find the GCF of 8, 12, and 20


List the factors of each number.


Factors of 8:

1,2,4,8

Factors of 12:

1,2,3,4,6,12

Factors of 20:

1,2,4,5,10,20

Now look for factors in all three lists:

1,2,4

The greatest common factor is 4.


How GCF helps with fractions

We can use the GCF to simplify fractions. To simplify a fraction, divide the numerator and denominator by their greatest common factor.


For example, simplify 1218.


The GCF of 12 and 18 is 6.


Now divide both by 6:


1218=12÷618÷6=23

So the simplified fraction is 23.


Tips for finding the GCF


  	Always start by finding all the factors carefully.

  	Check which factors are in both or all lists.

  	Choose the greatest one, not just any common factor.

  	If the only common factor is 1, then the GCF is 1.




Common mistake to avoid

Sometimes students find a common factor, but not the greatest one.


For example, for 16 and 24, the common factors are:

1,2,4,8

The GCF is 8, not 4, because 8 is bigger and still divides both numbers evenly.


Quick check


  	What is the GCF of 6 and 9?

  	What is the GCF of 15 and 25?

  	What is the GCF of 9, 18, and 27?




Answers


  	Factors of 6: 1,2,3,6; factors of 9: 1,3,9. GCF = 3.

  	Factors of 15: 1,3,5,15; factors of 25: 1,5,25. GCF = 5.

  	Common factors of 9, 18, and 27 are 1,3,9. GCF = 9.




[image: 📋]   Summary

The greatest common factor is the biggest number that divides two or more numbers evenly.


To find it, list the factors of each number, find the common factors, and choose the greatest one.


GCF is useful for simplifying fractions and understanding number relationships.


  
  Put what you read to the test

  You've worked through Greatest Common Factor (GCF). Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/506






  [image: 📝]   Lesson 25: Least Common Multiple (LCM)

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/553




  Least Common Multiple (LCM) helps us find the smallest number that two or more numbers can all divide into evenly.
This is useful when we want to compare groups, line up repeating events, or find common denominators for fractions later on.
To understand LCM, we first need to remember what a multiple is.
A multiple of a number is what you get when you multiply that number by 1, 2, 3, 4, and so on.
For example, the multiples of 4 are:
4,8,12,16,20,24,…
The multiples of 6 are:
6,12,18,24,30,…
A common multiple is a number that appears in both lists.
For 4 and 6, the common multiples are 12,24,36,…
The least common multiple, or LCM, is the smallest common multiple.
So the LCM of 4 and 6 is 12.
We can write this as:
LCM(4,6)=12
Why do we use the LCM?
The LCM helps when things happen in patterns or cycles.
For example, if one bell rings every 4 minutes and another bell rings every 6 minutes, the LCM tells us when they will ring together again.
Since LCM(4,6)=12, both bells will ring together after 12 minutes.
How to find the LCM
There are two simple ways 5th Grade students can use.
	List the multiples of each number until you find the first one they share.
	Use skip counting to look for the first number both lists reach.

Let’s look at both ideas in action.
Method 1: List the multiples
Write the multiples of each number.
Then circle or notice the first number that appears in both lists.
Worked Example 1
Find LCM(3,5).
Multiples of 3:
3,6,9,12,15,18,…
Multiples of 5:
5,10,15,20,25,…
The first number in both lists is 15.
So:
LCM(3,5)=15
Worked Example 2
Find LCM(4,10).
Multiples of 4:
4,8,12,16,20,24,…
Multiples of 10:
10,20,30,40,…
The first common multiple is 20.
So:
LCM(4,10)=20
Method 2: Use skip counting
Skip count by each number and listen for the first number that matches.
For example, for 2 and 7:
	By 2: 2,4,6,8,10,12,14,…
	By 7: 7,14,21,…

The first match is 14, so the LCM is 14.
Worked Example 3
Find LCM(6,8).
Multiples of 6:
6,12,18,24,30,36,42,48,…
Multiples of 8:
8,16,24,32,40,48,…
The first common multiple is 24.
So:
LCM(6,8)=24
Finding the LCM of 3 numbers
You can also find the LCM of three numbers by listing multiples and finding the smallest number all three share.
Worked Example 4
Find LCM(2,3,4).
Multiples of 2:
2,4,6,8,10,12,14,…
Multiples of 3:
3,6,9,12,15,…
Multiples of 4:
4,8,12,16,20,…
The first number in all three lists is 12.
So:
LCM(2,3,4)=12
Helpful tips
	The LCM must be a multiple of each number.
	The LCM is the smallest shared multiple, not just any shared multiple.
	If one number is already a multiple of the other, the bigger number is the LCM.

Example: for 5 and 10, since 10 is a multiple of 5, the LCM is 10.
Common mistakes to avoid
	Do not confuse factors and multiples. Factors go into a number. Multiples are made by multiplying.
	Do not stop too early. Keep listing until you find a number in both lists.
	Choose the least one. Even if there are many common multiples, the LCM is the smallest one.

Real-life example
A red light flashes every 3 seconds. A blue light flashes every 4 seconds.
When will they flash together?
Multiples of 3: 3,6,9,12,…
Multiples of 4: 4,8,12,16,…
The first time they match is 12.
So the lights will flash together every 12 seconds.
Let’s remember
	A multiple is the result of multiplying a number by 1, 2, 3, and so on.
	A common multiple is shared by two or more numbers.
	The least common multiple is the smallest shared multiple.
	You can find the LCM by listing multiples or skip counting.

When you see two or more numbers and need the smallest number they can all go into evenly, you are looking for the LCM.


  
  Put what you read to the test

  You've worked through Least Common Multiple (LCM). Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/507






  
    
  [image: 📖]   Chapter 4
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  Decimals as Base-Ten Fractions


Decimals are another way to write parts of a whole. They are based on the base-ten system, just like whole numbers.


When we use decimals, each place to the right of the decimal point becomes a smaller part of 10. This helps us write fractions with denominators of 10, 100, and 1,000 in a shorter way.


In this lesson, you will learn how decimals and fractions are connected, how to read and write them, and how to move between fraction form and decimal form.


1. Understanding place value in decimals


Whole numbers have place values like ones, tens, and hundreds. Decimals continue this pattern to the right of the decimal point.



  	The first place to the right is the tenths place.

  	The second place to the right is the hundredths place.

  	The third place to the right is the thousandths place.




Here is how those places connect to fractions:


0.1=110

0.01=1100

0.001=11000

This means decimals are really base-ten fractions. A decimal shows how many tenths, hundredths, or thousandths there are.


2. Reading decimals as fractions


To read a decimal, say the whole number part first, then say the decimal part by its place value.



  	
    
      0.4 is read as four tenths, and it means:
    

    0.4=410
  

  	
    
      0.27 is read as twenty-seven hundredths, and it means:
    

    0.27=27100
  

  	
    
      0.305 is read as three hundred five thousandths, and it means:
    

    0.305=3051000
  




Notice that the number of digits to the right of the decimal point tells the denominator:



  	1 digit right of the decimal point means tenths, so the denominator is 10.

  	2 digits right of the decimal point means hundredths, so the denominator is 100.

  	3 digits right of the decimal point means thousandths, so the denominator is 1000.




3. Writing fractions as decimals


If a fraction has a denominator of 10, 100, or 1000, you can write it as a decimal by using place value.



  	
    
      710 means 7 tenths, so:
    

    710=0.7
  

  	
    
      45100 means 45 hundredths, so:
    

    45100=0.45
  

  	
    
      6081000 means 608 thousandths, so:
    

    6081000=0.608
  




4. Using models to understand decimals


It can help to think about a whole divided into equal parts.



  	If a whole is divided into 10 equal parts, each part is one tenth.

  	If a whole is divided into 100 equal parts, each part is one hundredth.

  	If a whole is divided into 1,000 equal parts, each part is one thousandth.




For example, if you shade 36 small squares out of a 100-square grid, you have:


36100=0.36

This means 36 hundredths of the whole is shaded.


5. Zeros are important in decimals


Zeros can help show place value correctly.


For example:


0.5=510

and


0.50=50100

These decimals name the same amount, but they show it in different place values. 0.5 is 5 tenths, and 0.50 is 50 hundredths.


Also notice this:


0.07=7100

The zero in the tenths place matters. Without it, 0.07 would become 0.7, which is a different number.


6. Whole numbers can be written as decimals too


A whole number can be written with a decimal point and zeros after it.


3=3.0=3.00

These all mean 3 wholes. The zeros do not change the value.


Worked Example 1: Write a decimal as a fraction


Write 0.8 as a fraction.


Step 1: Look at the place value. The 8 is in the tenths place.


Step 2: Write it as a fraction with denominator 10.


0.8=810

Answer: 0.8 is equal to 810.


Worked Example 2: Write a decimal with two digits as a fraction


Write 0.34 as a fraction.


Step 1: There are 2 digits to the right of the decimal point, so the number is in hundredths.


Step 2: Write 34 over 100.


0.34=34100

Answer: 0.34 is equal to 34100.


Worked Example 3: Write a fraction as a decimal


Write 9100 as a decimal.


Step 1: The denominator is 100, so the decimal must be in hundredths.


Step 2: Put 9 in the hundredths place.


9100=0.09

Answer: 9100 is equal to 0.09.


Worked Example 4: Write a larger decimal as a fraction


Write 2.145 as a mixed number using a whole number and a fraction.


Step 1: Separate the whole number part and the decimal part.


The whole number part is 2, and the decimal part is 0.145.


Step 2: Write the decimal part as a fraction.


0.145=1451000

Step 3: Put the whole number and fraction together.


2.145=21451000

Answer: 2.145 is equal to 21451000.


7. Tips to remember



  	A decimal point separates whole numbers from parts of a whole.

  	Decimals to the right of the decimal point are tenths, hundredths, and thousandths.

  	The number of decimal places tells the denominator: 10, 100, or 1,000.

  	Zeros can change the place value shown, even when the amount stays the same.

  	Fractions with denominators of 10, 100, and 1,000 can be written as decimals easily.




Brief Summary


Decimals are base-ten fractions. The places to the right of the decimal point are tenths, hundredths, and thousandths, which match fractions with denominators of 10, 100, and 1000.


If you know the place value, you can change a decimal into a fraction or a fraction into a decimal. This helps you understand that decimals and fractions are just two ways to name the same amount.


  
  Put what you read to the test

  You've worked through Decimals as Base-Ten Fractions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/508
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  Adding and Subtracting Decimals


Decimals are numbers that show parts of a whole. The decimal point helps us know the value of each digit.


For example, in the number 4.56:


  	The 4 is in the ones place.

  	The 5 is in the tenths place.

  	The 6 is in the hundredths place.




When we add or subtract decimals, the most important rule is to line up the decimal points. This makes sure ones match with ones, tenths match with tenths, and hundredths match with hundredths.


If one number has fewer decimal digits, you can add zeros at the end. This is called annexing zeros. Adding zeros at the end of a decimal does not change its value.


For example, 3.4=3.40 and 7.2=7.20.


Why lining up place values matters

If place values are not lined up, the answer will be wrong. You cannot add tenths to ones or subtract hundredths from tenths unless the digits are in the correct columns.


Think of it like stacking numbers in a table:

2.35+1.40

The decimal points are directly under each other. That tells us each place value is lined up correctly.


Steps for adding decimals


  	Write the numbers one above the other.

  	Line up the decimal points.

  	Add zeros if needed so each number has the same number of decimal places.

  	Add from right to left, just like with whole numbers.

  	Bring the decimal point straight down into the answer.




Worked Example 1: Simple decimal addition

Find 2.3+1.4.


Line up the decimal points:

2.3+1.4

Add tenths: 3+4=7.

Add ones: 2+1=3.

Put the decimal point in the answer:

2.3+1.43.7

So, 2.3+1.4=3.7.


Worked Example 2: Adding with annexed zeros

Find 4.56+2.7.


The number 2.7 has only one decimal digit. Write it as 2.70.


4.56+2.70

Now add from right to left:


  	Hundredths: 6+0=6

  	Tenths: 5+7=12 tenths, so write 2 tenths and regroup 1 one

  	Ones: 4+2+1=7




4.56+2.707.26

So, 4.56+2.7=7.26.


Steps for subtracting decimals


  	Write the numbers one above the other.

  	Line up the decimal points.

  	Add zeros if needed.

  	Subtract from right to left.

  	If needed, regroup, just like with whole numbers.

  	Bring the decimal point straight down into the answer.




Worked Example 3: Simple decimal subtraction

Find 5.8−2.3.


5.8−2.3

Subtract tenths: 8−3=5.

Subtract ones: 5−2=3.


5.8−2.33.5

So, 5.8−2.3=3.5.


Worked Example 4: Subtracting with regrouping and annexed zeros

Find 8.2−3.47.


First, write 8.2 as 8.20.


8.20−3.47

Start with the hundredths place. We cannot do 0−7, so we regroup.

But the tenths digit is 2, so we take 1 tenth from it. The 2 tenths becomes 1 tenth, and the hundredths becomes 10 hundredths.


Now subtract:


  	Hundredths: 10−7=3

  	Tenths: 1−4 is not possible, so regroup from the ones place

  	The 8 ones becomes 7 ones, and the 1 tenth becomes 11 tenths

  	Tenths: 11−4=7

  	Ones: 7−3=4




8.20−3.474.73

So, 8.2−3.47=4.73.


Helpful tips


  	Always line up the decimal points, not just the last digits.

  	Add zeros at the end when needed. For example, 6.5=6.50.

  	Bring the decimal point straight down into the answer.

  	Check that your answer makes sense. For example, 4.56+2.7 should be a little more than 7, so 7.26 makes sense.




Common mistakes to avoid


  	Wrong: lining up the numbers by the right side instead of by the decimal point.

  	Wrong: forgetting to write the decimal point in the answer.

  	Wrong: forgetting that adding zeros at the end does not change the number.




[image: 📋]   Summary

To add and subtract decimals, line up the decimal points so each place value matches. Add zeros at the end if needed. Then solve just like with whole numbers, and make sure the decimal point goes straight down into the answer.


  
  Put what you read to the test

  You've worked through Adding and Subtracting Decimals. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/509
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  Multiplying Decimals by Whole Numbers


Sometimes in math, we need to multiply a decimal by a whole number. For example, if one notebook costs $2.50 and you buy 3 notebooks, you need to find 2.50×3.


The good news is this: multiplying decimals by whole numbers is a lot like multiplying whole numbers. The most important idea is to keep track of place value.


In this lesson, you will learn how to multiply decimals by whole numbers using:


  	Repeated addition

  	A model using place value

  	The standard algorithm




1. Start with place value


A decimal is made of parts smaller than 1. Each digit has a place value.


  	The digit just to the left of the decimal point is the ones place.

  	The first digit to the right is the tenths place.

  	The second digit to the right is the hundredths place.




For example, in 3.4:


  	3 means 3 ones

  	4 means 4 tenths




So 3.4 means 3 ones and 4 tenths.


2. Multiply using repeated addition


Multiplication can mean adding the same number again and again.


If we want to find 1.2×3, we can add 1.2 three times:


1.2+1.2+1.2=3.6

So,


1.2×3=3.6

This works because each group is worth 1.2, and there are 3 equal groups.


Worked Example 1

Find 0.4×5.


Use repeated addition:


0.4+0.4+0.4+0.4+0.4=2.0

So,


0.4×5=2.0=2

This makes sense because 5 groups of 4 tenths make 20 tenths, and 20 tenths equals 2 wholes.


3. Use a place value model


You can also think about decimals by their place values.


Let’s find 2.3×4.


First, break 2.3 into place values:


2.3=2+0.3

Now multiply each part by 4:


2×4=8

0.3×4=1.2

Add the products:


8+1.2=9.2

So,


2.3×4=9.2

This shows that multiplying decimals still follows place value rules.


Worked Example 2

Find 1.6×3.


Break apart 1.6:


1.6=1+0.6

Multiply each part:


1×3=3

0.6×3=1.8

Add:


3+1.8=4.8

So,


1.6×3=4.8

4. Multiply using the standard algorithm


When numbers get larger, the standard algorithm is fast and helpful.


Let’s solve 3.25×4.


Step 1: Ignore the decimal point for a moment and multiply like whole numbers.


325×4=1300

Step 2: Look back at the decimal in 3.25. It has 2 decimal places.


Step 3: Put the decimal in the product so the answer also has 2 decimal places.


3.25×4=13.00

So,


3.25×4=13

You can also write the work vertically:


03.25×0413.00

Why does this work?

The decimal tells us the size of the parts. Since 3.25 has 2 digits to the right of the decimal point, the product must keep that place value.


Worked Example 3

Find 0.78×6.


Step 1: Multiply as whole numbers:


78×6=468

Step 2: The number 0.78 has 2 decimal places.


Step 3: Put the decimal in the answer so it has 2 decimal places:


0.78×6=4.68

Check if the answer makes sense: 0.78 is a little less than 1, and 6 groups of a number a little less than 1 should be a little less than 6. The answer 4.68 makes sense.


5. A useful way to check your answer


Always ask: Does my answer make sense?



  	If you multiply 0.5×4, the answer should be about 2.

  	If you multiply 2.4×3, the answer should be a little more than 6.

  	If you multiply 1.25×2, the answer should be 2 and a half.




Estimating helps you catch mistakes, especially if the decimal point is in the wrong place.


6. Common mistakes to avoid



  	Forgetting the decimal point
Example: saying 1.2×3=36 instead of 3.6.

  	Placing the decimal in the wrong spot
Count how many digits are to the right of the decimal in the decimal factor.

  	Not checking if the answer is reasonable
If 0.4×5 gave you 20, that would be too large.




7. Another worked example

Find 4.06×5.


Step 1: Multiply as whole numbers:


406×5=2030

Step 2: The number 4.06 has 2 decimal places.


Step 3: Put the decimal in the product:


4.06×5=20.30

So the answer is:


20.30=20.3

This makes sense because 4×5=20, and 4.06 is a little more than 4, so the answer should be a little more than 20.


8. What to remember



  	Multiply decimals by whole numbers just like whole numbers.

  	Use repeated addition to understand what multiplication means.

  	Use place value to break apart decimals.

  	In the standard algorithm, multiply first, then place the decimal point correctly.

  	Always check whether your answer is reasonable.




Brief Summary

Multiplying a decimal by a whole number means making equal groups of the decimal. You can solve these problems with repeated addition, place value, or the standard algorithm. The most important idea is to keep track of place value so the decimal point ends up in the correct place.


  
  Put what you read to the test

  You've worked through Multiplying Decimals by Whole Numbers. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/510
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  Multiplying Decimals by Decimals


When we multiply whole numbers, we combine groups. We can do the same thing with decimals.


For example, if one item costs 1.2 dollars and you buy 1.3 groups of that amount, you are multiplying decimals. Decimal multiplication helps us find products when numbers include parts of a whole.


The most important idea is place value. Each digit in a decimal has a value. In 2.4, the 2 means 2 ones, and the 4 means 4 tenths.


When multiplying decimals by decimals, we first multiply as if the numbers were whole numbers. Then we place the decimal point in the product.


Steps for multiplying decimals by decimals



	Ignore the decimal points for a moment.


	Multiply the numbers as if they were whole numbers.


	Count the total number of digits to the right of the decimal point in both factors.


	Place the decimal point in the product so it has that same total number of decimal places.





Let’s look at a simple example.


Example 1: 0.3×0.2


First, ignore the decimal points.


Multiply 3×2=6.


Now count decimal places:



	0.3 has 1 digit after the decimal point.


	0.2 has 1 digit after the decimal point.


	Total: 1+1=2 decimal places.





So the product must have 2 decimal places.


0.3×0.2=0.06


This makes sense because 3 tenths of 2 tenths is 6 hundredths.


Example 2: 1.4×0.6


Ignore the decimal points first.


Multiply:


14×6=84


Now count decimal places:



	1.4 has 1 decimal place.


	0.6 has 1 decimal place.


	Total: 2 decimal places.





Place the decimal point two places from the right:


1.4×0.6=0.84


Notice that the answer is less than 1.4. That makes sense because we multiplied by 0.6, which is less than 1.


Example 3: 2.3×1.5


Multiply as whole numbers:


23×15=345


Now count decimal places:



	2.3 has 1 decimal place.


	1.5 has 1 decimal place.


	Total: 2 decimal places.





Place the decimal point so the product has 2 decimal places:


2.3×1.5=3.45


Here, the answer is greater than both numbers because 1.5 means 1 and a half groups.


Example 4: 0.24×0.3


Ignore the decimal points and multiply:


24×3=72


Count decimal places:



	0.24 has 2 decimal places.


	0.3 has 1 decimal place.


	Total: 3 decimal places.





So the product needs 3 decimal places:


0.24×0.3=0.072


If there are not enough digits, add zeros to the left of the product. That is why 72 becomes 0.072.


Helpful checks



	If both factors are less than 1, the product will be less than either factor.


	If one factor is greater than 1 and the other is a decimal, the product may be greater or smaller depending on the numbers.


	Always count decimal places carefully.


	Estimate before solving to see if your answer makes sense.





For example, in 2.3×1.5, you can estimate:


2.3≈2and1.5≈2


2×2=4


The exact answer, 3.45, is close to 4, so it makes sense.


Common mistakes to avoid



	Forgetting to count all decimal places. Add the decimal places from both numbers.


	Placing the decimal point too soon. First multiply as whole numbers, then place the decimal point at the end.


	Not checking if the answer is reasonable. If you multiply two numbers less than 1, your answer should get smaller.





[image: 📋]   Summary


To multiply decimals by decimals:



	Multiply as if the numbers were whole numbers.


	Count the total decimal places in both factors.


	Place the decimal point in the product.


	Check whether your answer makes sense.





Remember: decimal multiplication is really about place value. When you understand what tenths and hundredths mean, it becomes much easier to place the decimal point correctly.


  
  Put what you read to the test

  You've worked through Multiplying Decimals by Decimals. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/511
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  Dividing Decimals by Whole Numbers


Sometimes we need to split a decimal amount into equal groups. For example, if you have 4.8 meters of ribbon and want to share it equally among 3 people, you are dividing a decimal by a whole number.


The good news is that dividing decimals by whole numbers works a lot like regular long division. The most important idea is to keep track of place value and place the decimal point correctly in the quotient.


What does division mean?


Division means separating something into equal groups. If we solve 6÷3=2, we are putting 6 things into 3 equal groups, so each group has 2.


With decimals, the idea is the same. For example, 6.4÷4 means splitting 6.4 into 4 equal groups.


Main idea: Divide decimals by whole numbers


When dividing a decimal by a whole number, follow these steps:



	Set up the division problem as usual.

	Divide just like with whole numbers.

	Bring the decimal point straight up into the answer.

	Continue dividing.

	If needed, write a zero in the dividend to keep dividing.




Here is an important rule:


The decimal point in the quotient goes directly above the decimal point in the dividend.


Think about place value


A decimal number has ones, tenths, hundredths, and sometimes more places. When you divide, you are sharing each place value equally.


For example, in 8.4:


	the 8 means 8 ones

	the 4 means 4 tenths




If you divide 8.4 by 4, you are sharing 8 ones and 4 tenths into 4 equal groups.


Worked Example 1


Solve 8.4÷4.


Step 1: Set up long division.


4)8.4‾

Step 2: Divide the ones.


8÷4=2, so write 2 in the quotient.


Step 3: Bring the decimal point straight up.


Since the decimal in 8.4 comes after the 8, put the decimal point in the answer right above it.


Step 4: Divide the tenths.


Bring down the 4 tenths. 4÷4=1, so write 1 in the tenths place.


The answer is:


8.4÷4=2.1

Check: 2.1×4=8.4, so the answer makes sense.


Worked Example 2


Solve 9.6÷3.


Step 1: Divide the ones.


9÷3=3


Step 2: Bring the decimal point straight up.


Step 3: Divide the tenths.


6÷3=2


So:


9.6÷3=3.2

Why does this make sense? Because 3.2+3.2+3.2=9.6.


What if the whole number does not go into the first digit?


Sometimes the divisor is greater than the first digit of the dividend. That is okay. You may need to look at the first two digits together.


Worked Example 3


Solve 3.6÷8.


Since 8 does not go into 3 ones, we place a 0 in the ones place of the quotient.


Then bring the decimal point straight up.


Now think of 3.6 as 36 tenths. 36÷8=4 tenths with 4 tenths left over.


Write 4 in the tenths place.


Now we need to keep dividing, so write a 0 after the 6. This makes 40 hundredths.


40÷8=5 hundredths.


So:


3.6÷8=0.45

Check: 0.45×8=3.6.


Worked Example 4


Solve 15.75÷5.


Step 1: Divide the whole-number part.


15÷5=3


Step 2: Bring the decimal point straight up.


Step 3: Divide the tenths.


7÷5=1 with remainder 2.


Write 1 in the tenths place.


Step 4: Bring down the 5 hundredths.


The 2 tenths left over becomes 20 hundredths. Then bring down 5 more hundredths to make 25 hundredths.


25÷5=5


So:


15.75÷5=3.15

Check: 3.15×5=15.75.


Tips to remember



	Divide as you normally do.

	Put the decimal point in the answer directly above the decimal point in the dividend.

	Pay attention to place value: ones, tenths, hundredths.

	If you need to keep dividing, add a zero at the end of the dividend.

	Check your answer by multiplying.




Common mistakes



	Forgetting the decimal point: Always move it straight up into the quotient.

	Stopping too soon: If there is a remainder, you may need to add a zero and continue.

	Putting digits in the wrong place: Make sure each digit goes in the correct place value.




Quick practice thinking



	4.2÷2=2.1

	7.5÷5=1.5

	6.3÷9=0.7




In each problem, the decimal point in the answer is placed above the decimal point in the number being divided.


[image: 📋]   Summary


Dividing decimals by whole numbers is very similar to dividing whole numbers. Use long division, keep place value in mind, and bring the decimal point straight up into the quotient.


If there is a remainder, you can add a zero and keep dividing. Always check your answer by multiplying to see if it matches the original decimal.


  
  Put what you read to the test

  You've worked through Dividing Decimals by Whole Numbers. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/512
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  Dividing by Decimals can look tricky at first, but it becomes much easier when you use one important idea: move the decimal point in the divisor until the divisor becomes a whole number. Then do the division like a problem you already know.
In this lesson, you will learn how to divide when the divisor is a decimal. You will see why we move decimals, how to keep the value of the problem the same, and how to solve step by step.
Let’s start with some important words:
	Dividend: the number being divided
	Divisor: the number you are dividing by
	Quotient: the answer to a division problem

For example, in the problem 6÷0.3:
	6 is the dividend
	0.3 is the divisor
	the answer is the quotient

Main Idea: When dividing by a decimal, multiply both the dividend and the divisor by the same power of 10. This moves the decimal point to the right and makes the divisor a whole number.
Why does this work? Because multiplying both numbers by the same amount keeps the division problem equivalent. The numbers look different, but the answer stays the same.
For example:
6÷0.3=60÷3We multiplied both numbers by 10. Now the divisor is a whole number, so the division is easier.
How to divide by a decimal:
	Look at the divisor.
	Count how many places the decimal must move to the right to make the divisor a whole number.
	Move the decimal in the dividend the same number of places to the right.
	Divide.

Let’s look at this rule more closely.
If the divisor is 0.4, the decimal moves 1 place to the right to become 4. So you must also move the decimal in the dividend 1 place to the right.
If the divisor is 0.25, the decimal moves 2 places to the right to become 25. So you must also move the decimal in the dividend 2 places to the right.
This is all about place value. Moving a decimal one place to the right means multiplying by 10. Moving it two places means multiplying by 100.
Worked Example 1
Solve 8÷0.4.
Step 1: Make the divisor a whole number.
0.4 becomes 4 when we move the decimal 1 place to the right.
Step 2: Move the decimal in the dividend the same way.
8 becomes 80.
Now the problem is:
8÷0.4=80÷4Step 3: Divide.
80÷4=20So,
8÷0.4=20You can check by multiplying:
20×0.4=8The answer is correct.
Worked Example 2
Solve 3.6÷0.6.
Step 1: Make the divisor a whole number.
0.6 becomes 6 when we move the decimal 1 place to the right.
Step 2: Move the decimal in the dividend 1 place to the right too.
3.6 becomes 36.
Now divide:
3.6÷0.6=36÷6 36÷6=6So,
3.6÷0.6=6Worked Example 3
Solve 4.5÷0.15.
This problem is a little harder because the divisor has two decimal places.
Step 1: Make the divisor a whole number.
0.15 becomes 15 when we move the decimal 2 places to the right.
Step 2: Move the decimal in the dividend 2 places to the right.
4.5 becomes 450.
Now the problem is:
4.5÷0.15=450÷15Step 3: Divide.
450÷15=30So,
4.5÷0.15=30Check:
30×0.15=4.5The quotient is correct.
Worked Example 4
Solve 1.92÷0.8.
Step 1: Make the divisor a whole number.
0.8 becomes 8 by moving the decimal 1 place to the right.
Step 2: Move the decimal in the dividend 1 place to the right.
1.92 becomes 19.2.
Now divide:
1.92÷0.8=19.2÷8Step 3: Divide.
19.2÷8=2.4So,
1.92÷0.8=2.4Check:
2.4×0.8=1.92Important Tips
	Always move both decimals the same number of places.
	Only move to the right until the divisor is a whole number.
	If the dividend is a whole number, you can still move its decimal. Remember that 8 is the same as 8.0.
	After rewriting the problem, divide as usual.
	Check your answer by multiplying the quotient by the divisor.

Common Mistakes to Avoid
	Moving only the divisor decimal. If you move one, you must move the other too.
	Moving the decimal the wrong number of places. Count carefully.
	Forgetting that whole numbers have decimals too. For example, 7=7.0.
	Stopping before the divisor is a whole number. Keep going until it has no decimal part.

Here is a quick example of a common mistake:
Suppose someone says:
5÷0.5=5÷5=1This is wrong because they changed only the divisor. They should change both numbers:
5÷0.5=50÷5=10Why the quotient can get bigger
Sometimes students are surprised that dividing by a decimal can make the answer bigger.
For example:
6÷0.5=12This makes sense because dividing by 0.5 asks, “How many halves are in 6?” There are 12 halves in 6.
So when you divide by a number less than 1, the quotient can be greater than the dividend.
Let’s review the pattern:
	9÷0.9=10
	9÷0.3=30
	9÷0.1=90

As the divisor gets smaller, the quotient gets larger.
[image: 📋]   Summary
To divide by a decimal:
	Make the divisor a whole number.
	Move the decimal in the dividend the same number of places to the right.
	Divide the new numbers.
	Check with multiplication if needed.

Remember:
a÷b=(a×10,100, or 1000)÷(b×10,100, or 1000)
as long as you multiply both numbers by the same power of 10.
With practice, dividing by decimals becomes a simple step-by-step process. Make the divisor a whole number, move both decimals the same way, and then divide with confidence.


  
  Put what you read to the test

  You've worked through Dividing by Decimals. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/513
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  Decimal Estimation and Reasonableness


Sometimes when we add, subtract, multiply, or divide decimals, it is easy to make a mistake with the decimal point. That is why estimation is so important.


Estimating means finding a number that is close to the exact answer. A close answer helps us decide if our exact answer makes sense.


Reasonableness means asking, “Does my answer seem right?” If your exact answer is very different from your estimate, you should check your work again.


In this lesson, you will learn how to use rounding and front-end estimation to predict decimal answers and check whether they are reasonable.


1. Why estimate with decimals?


Decimals represent parts of a whole, so place value still matters a lot. In the number 4.7, the 4 means 4 ones, and the 7 means 7 tenths. If we put the decimal point in the wrong place, the answer can be far too big or far too small.


Estimation helps us:


  	predict about what the answer should be,

  	check if a calculation is reasonable,

  	notice mistakes before we move on.




For example, if you add 3.8+2.1, you know the answer should be close to 4+2=6. If you got 0.59 or 59, you would know right away something went wrong.


2. Rounding decimals to estimate


One common way to estimate is to round each decimal to a nearby whole number or nearby tenth.


To round to the nearest whole number:


  	If the tenths digit is 5 or more, round up.

  	If the tenths digit is 4 or less, round down.




Examples:


  	6.7≈7

  	2.3≈2

  	9.5≈10




To round to the nearest tenth, look at the hundredths digit:


  	4.26≈4.3

  	7.11≈7.1

  	3.85≈3.9




When estimating, choose a rounding method that makes the numbers easy to work with while still staying close to the original numbers.


3. Front-end estimation


Front-end estimation means using the greatest place value first. With decimals, this often means looking at the ones place first, and sometimes the tenths place too.


For example, to estimate 5.84+3.26:


  	Use the front digits: 5+3=8

  	Then notice the extra decimal parts: 0.84+0.26 is about 1.1

  	So the sum is about 9.1




Front-end estimation gives a quick answer that is often closer than rounding everything to whole numbers.


4. Estimating for addition


When adding decimals, the exact answer should be a little more than the larger addend. Estimate first so you know about what the total should be.


Worked Example 1

Estimate and check: 4.8+2.3


Step 1: Estimate by rounding.


  	4.8≈5

  	2.3≈2

  	Estimated sum: 5+2=7




Step 2: Find the exact sum.

4.8+2.3=7.1


Step 3: Check reasonableness.

The exact answer, 7.1, is very close to the estimate, 7. So the answer is reasonable.


5. Estimating for subtraction


When subtracting decimals, your answer should be less than the number you started with. Estimation helps you predict about how much less.


Worked Example 2

Estimate and check: 9.6−4.2


Step 1: Estimate by rounding.


  	9.6≈10

  	4.2≈4

  	Estimated difference: 10−4=6




Step 2: Find the exact difference.

9.6−4.2=5.4


Step 3: Check reasonableness.

The exact answer, 5.4, is close to the estimate, 6. That means the answer is reasonable.


If someone got 54 or 0.54, the estimate would show right away that the decimal point is in the wrong place.


6. Estimating for multiplication


When multiplying decimals, think about whether the numbers are greater than 1 or less than 1.


  	If you multiply by a number greater than 1, the product gets larger.

  	If you multiply by a number less than 1, the product gets smaller.




This idea helps you decide whether an answer makes sense.


Worked Example 3

Estimate and check: 3.2×1.9


Step 1: Estimate by rounding.


  	3.2≈3

  	1.9≈2

  	Estimated product: 3×2=6




Step 2: Find the exact product.

3.2×1.9=6.08


Step 3: Check reasonableness.

The exact answer, 6.08, is very close to 6. So the answer is reasonable.


Also, both numbers are a little bigger than 1, so the product should be a little bigger than 3.2. The answer 6.08 makes sense.


7. Estimating for division


Division can also be checked with estimation.


  	If you divide by a number greater than 1, the quotient gets smaller.

  	If you divide by a number less than 1, the quotient gets larger.




This is another way to decide if an answer is reasonable.


Worked Example 4

Estimate and check: 8.4÷2.1


Step 1: Estimate by rounding.


  	8.4≈8

  	2.1≈2

  	Estimated quotient: 8÷2=4




Step 2: Find the exact quotient.

8.4÷2.1=4


Step 3: Check reasonableness.

The exact answer is 4, which matches the estimate. The answer is reasonable.


8. How to tell if an answer is not reasonable


An answer may not be reasonable if:


  	it is much larger or much smaller than your estimate,

  	it does not fit what the operation should do,

  	the decimal point seems to be in the wrong place.




Look at this example:

Suppose you solve 6.5+1.7 and get 82.


Estimate first:


  	6.5≈7

  	1.7≈2

  	Estimated sum: 7+2=9




Since 82 is nowhere near 9, it is not reasonable. You should go back and check your work.


9. Helpful tips


  	Estimate before solving so you know what kind of answer to expect.

  	Use rounding when you want quick, easy numbers.

  	Use front-end estimation when you want a close estimate using the greatest place values first.

  	Ask yourself: Should the answer be bigger, smaller, or about the same?

  	Check the decimal point if the answer does not match the estimate.




10. Let’s review


Decimal estimation helps you predict answers and check your work. You can estimate by rounding decimals or by using front-end estimation.


If your exact answer is close to your estimate, it is probably reasonable. If it is far away, you may need to solve again and look carefully at the decimal point and place values.


[image: 📋]   Summary


  	Estimating means finding an answer close to the exact answer.

  	Reasonableness means deciding whether an answer makes sense.

  	Use rounding and front-end estimation to predict decimal answers.

  	Compare your exact answer to your estimate to check your work.




  
  Put what you read to the test

  You've worked through Decimal Estimation and Reasonableness. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/514






  
    
  [image: 📖]   Chapter 5

  Fraction Foundations and Equivalence
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  Fractions as Equal Partitions


Fractions help us describe parts of a whole. But there is one very important rule:


A fraction only makes sense when the whole is split into equal parts.


If the parts are not equal, we cannot correctly name the fraction.


In this lesson, you will learn what fractions mean, how the numerator and denominator work, and why equal partitions are so important.


1. What is a fraction?


A fraction shows a quantity made from equal parts of one whole.


A fraction has two numbers:



  	Denominator: the bottom number. It tells how many equal parts the whole is divided into.

  	Numerator: the top number. It tells how many of those equal parts we are counting.




For example, in the fraction 34:



  	The denominator is 4, so the whole is divided into 4 equal parts.

  	The numerator is 3, so we are counting 3 of those parts.




We read 34 as three-fourths or three quarters.


2. Why do the parts have to be equal?


Imagine a sandwich cut into 4 pieces. If one piece is huge and the others are tiny, then the pieces are not equal. Saying you ate 1 out of 4 pieces would not really tell how much of the sandwich you ate.


Fractions are fair and accurate only when each part is the same size.


That is why we say fractions are based on equal partitions.


Equal partitions means breaking a shape, object, or set into parts that are all equal in size.


Here are some examples:



  	A pizza cut into 8 same-size slices shows equal partitions.

  	A chocolate bar split into equal-size pieces shows equal partitions.

  	A rectangle cut into parts of different sizes does not show equal partitions.




3. Understanding the denominator


The denominator tells how many equal parts make up one whole.


If the denominator is:



  	2, the whole is split into 2 equal parts.

  	3, the whole is split into 3 equal parts.

  	4, the whole is split into 4 equal parts.

  	8, the whole is split into 8 equal parts.




So:


12

means 1 out of 2 equal parts, and


18

means 1 out of 8 equal parts.


As the denominator gets larger, the parts get smaller because the same whole is being divided into more equal pieces.


4. Understanding the numerator


The numerator tells how many equal parts we are counting.


In these fractions, the denominator stays the same, so the size of each part stays the same:



  	15: 1 part out of 5 equal parts

  	25: 2 parts out of 5 equal parts

  	45: 4 parts out of 5 equal parts




When the numerator gets bigger, we are counting more parts.


5. A fraction names both the whole and the part


A fraction is not just “3 pieces.” It tells us:



  	how the whole was divided, and

  	how many of those equal parts we have.




That means 34 and 38 are very different.



  	34 means 3 parts when the whole is divided into 4 equal parts.

  	38 means 3 parts when the whole is divided into 8 equal parts.




Even though both fractions have a numerator of 3, the parts are different sizes because the denominators are different.


6. Fractions can describe shapes, objects, and sets


Fractions are often shown with shapes, but they can also describe groups of objects.


For shapes: If a circle is split into 6 equal slices and 2 are shaded, the shaded part is 26.


For sets: If there are 10 counters and 4 are red, then 410 of the counters are red.


For a set, the denominator is the total number of objects in the whole set, and the numerator is the number of objects being counted.


7. Worked Examples


Example 1: Naming a shaded fraction


A rectangle is divided into 4 equal parts. 3 parts are shaded.


Step 1: Count the total number of equal parts. There are 4.


Step 2: Use that number as the denominator: 4.


Step 3: Count the shaded parts. There are 3.


Step 4: Use that number as the numerator: 3.


The fraction is:


34

Answer: The shaded part is three-fourths.


Example 2: Checking for equal partitions


A shape is split into 3 parts, but one part is larger than the other two. 1 part is shaded.


Can we call the shaded part 13?


No.


Why not? Because the whole is not divided into 3 equal parts.


Fractions like 13 only work when the 3 parts are all the same size.


Answer: We cannot name it 13 because the partitions are not equal.


Example 3: Fractions in a set


There are 12 marbles in a bag. 5 marbles are blue.


What fraction of the marbles are blue?


Step 1: Find the total number of marbles. That is 12, so the denominator is 12.


Step 2: Find how many are blue. That is 5, so the numerator is 5.


The fraction is:


512

Answer: 512 of the marbles are blue.


Example 4: Comparing what the numerator and denominator mean


Suppose one whole pan of brownies is cut into 8 equal pieces. Mia eats 3 pieces.


What fraction of the pan did Mia eat?


Step 1: The whole pan is divided into 8 equal parts, so the denominator is 8.


Step 2: Mia eats 3 parts, so the numerator is 3.


The fraction is:


38

Answer: Mia ate 38 of the pan.


Now imagine the pan was cut into only 4 equal pieces and Mia still ate 3 pieces. Then she would have eaten:


34

This shows why the denominator matters so much. It tells the size of each part.


8. Common mistakes to avoid



  	Forgetting equal parts: Fractions must come from equal partitions.

  	Mixing up numerator and denominator: The numerator counts parts; the denominator tells the total number of equal parts in the whole.

  	Only counting shaded parts: You must also count all equal parts to know the denominator.

  	Ignoring the whole: A fraction depends on how the whole is divided.




9. Helpful way to think about fractions


You can think of a fraction as:


parts we are countingtotal equal parts in the whole

So in general:



  	Top number = how many parts we have

  	Bottom number = how many equal parts make one whole




10. Summary


Fractions describe parts of a whole, but only when the whole is split into equal parts.


Remember these key ideas:



  	The denominator tells how many equal parts make the whole.

  	The numerator tells how many of those equal parts are being counted.

  	Equal partitions are necessary for naming fractions correctly.

  	Fractions can describe parts of shapes, objects, and sets.




If you can ask yourself, “Are the parts equal?” and then identify the numerator and denominator, you are building a strong understanding of fractions.


  
  Put what you read to the test

  You've worked through Fractions as Equal Partitions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/515
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  Unit Fractions and Composition


Fractions help us describe parts of a whole. A very important idea in fractions is that bigger fractions are built from smaller equal parts.


In this lesson, you will learn about unit fractions and how other fractions are made by putting unit fractions together. This is called composition.


A unit fraction is a fraction with a numerator of 1. Examples are 12, 13, 14, and 18.


The denominator tells how many equal parts the whole is split into. So:


  	12 means 1 part when the whole is split into 2 equal parts.

  	14 means 1 part when the whole is split into 4 equal parts.

  	16 means 1 part when the whole is split into 6 equal parts.




Main Idea: Any fraction can be thought of as some number of unit fractions.


For example, 34 means three copies of 14:


34=14+14+14

This means 34 is made by repeating the unit fraction 14 three times.


In the same way:


  	25=15+15

  	47=17+17+17+17

  	68=18+18+18+18+18+18




This helps us understand what the numerator means. The numerator tells how many unit fractions we have.


So in 56:


  	The denominator 6 tells the whole is split into 6 equal parts.

  	The numerator 5 tells we have 5 of those parts.




That means:


56=16+16+16+16+16

Fractions on a Number Line


Unit fractions can also help us place fractions on a number line.


If the space from 0 to 1 is divided into 4 equal parts, each jump is 14.


Starting at 0:


  	One jump of 14 lands at 14.

  	Two jumps of 14 land at 24.

  	Three jumps of 14 land at 34.

  	Four jumps of 14 land at 44=1.




This shows that fractions are numbers, and each fraction is a distance from 0 made by repeating a unit fraction.


Thinking About the Whole


Fractions only make sense when the whole is split into equal parts. If the parts are not equal, they do not make correct fractions.


For example, if a shape is split into 4 unequal pieces, one piece is not 14. To be 14, the whole must be divided into 4 equal parts.


Building Fractions from Unit Fractions


We can build fractions by counting unit fractions.



  	Look at the denominator to find the unit fraction.

  	Use the numerator to count how many of that unit fraction there are.




Example: Build 78.


  	The denominator is 8, so the unit fraction is 18.

  	The numerator is 7, so we need 7 copies of 18.




78=18+18+18+18+18+18+18

Worked Example 1


Write 35 as a sum of unit fractions.


Step 1: The denominator is 5, so the unit fraction is 15.

Step 2: The numerator is 3, so we need 3 copies of 15.


35=15+15+15

Answer: 35 is 3 unit fractions of 15.


Worked Example 2


What fraction is made by 4 copies of 16?


Step 1: The unit fraction is 16, so the denominator stays 6.

Step 2: There are 4 copies, so the numerator is 4.


16+16+16+16=46

Answer: 4 copies of 16 make 46.


Worked Example 3


A number line from 0 to 1 is divided into 8 equal parts. You make 5 jumps of size 18. Where do you land?


Each jump is one unit fraction, 18.


After 5 jumps, you have:


18+18+18+18+18=58

Answer: You land at 58.


Worked Example 4


Which is greater: 34 or 38?


Both fractions have 3 parts, but the parts are different sizes.



  	34 means 3 copies of 14.

  	38 means 3 copies of 18.




Since 14 is bigger than 18, 3 copies of 14 are bigger than 3 copies of 18.


So:


34>38

Important Patterns to Notice


  	When the denominator is the same, a bigger numerator means more unit fractions.

  	When the numerator is the same, the fraction with the smaller denominator has bigger parts.

  	A fraction is built from equal-size parts.

  	The numerator counts the parts, and the denominator names the size of the parts.




Try to Think This Way


When you see a fraction like 67, say to yourself:

“This means 6 copies of 17.”


When you see a fraction like 23, say:

“This means 2 copies of 13.”


This way of thinking helps with comparing fractions, adding fractions with the same denominator, and placing fractions on a number line.


Quick Check


  	49 is 4 copies of what unit fraction? Answer: 19

  	What fraction is 2 copies of 110? Answer: 210

  	Write 512 as a sum of unit fractions: Answer: 112+112+112+112+112




[image: 📋]   Summary


A unit fraction has a numerator of 1. Other fractions are built by combining unit fractions with the same denominator.


For example, 45 means four copies of 15. The denominator tells the size of each equal part, and the numerator tells how many parts there are.


When you understand fractions as repeated unit fractions, fractions become easier to picture, compare, and place on a number line.


  
  Put what you read to the test

  You've worked through Unit Fractions and Composition. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/516
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  Improper Fractions and Mixed Numbers


Fractions do not always have to be less than 1. Sometimes a fraction can name an amount that is greater than 1 whole. That is where improper fractions and mixed numbers come in.


In this lesson, you will learn what improper fractions and mixed numbers are, how they are connected, and how to change one form into the other.


First, remember what a fraction means.


In a fraction, the denominator tells how many equal parts make 1 whole. The numerator tells how many of those parts we have.


For example, in 34, the 4 means one whole is cut into 4 equal parts, and the 3 means we have 3 of those parts.


What is an improper fraction?


An improper fraction is a fraction with a numerator that is greater than or equal to the denominator.



  	74 is improper because 7 is greater than 4.

  	95 is improper because 9 is greater than 5.

  	44 is also improper because 4 equals 4.




These fractions are worth 1 whole or more.


What is a mixed number?


A mixed number has a whole number and a fraction together.



  	134

  	215

  	423




A mixed number shows how many whole units there are, and then how much extra is left.


For example, 213 means 2 wholes and 1 more third.


How are improper fractions and mixed numbers related?


They can name the same amount. They are just written in different ways.


For example:


74=134

Why? Because 4 fourths make 1 whole, and then 3 fourths are left over.


You can think about this with equal parts:



  	44=1

  	74=44+34=1+34=134




Changing an improper fraction to a mixed number


To change an improper fraction into a mixed number, use division.



  	Divide the numerator by the denominator.

  	The quotient becomes the whole number.

  	The remainder becomes the new numerator.

  	The denominator stays the same.




This is where division and remainder work together:


numerator÷denominator=whole number with remainder

Then write the answer as:


whole number remainderdenominator

Worked Example 1


Change 73 to a mixed number.


Step 1: Divide 7 by 3.


7÷3=2 remainder 1

Step 2: Use the quotient as the whole number.


The whole number is 2.


Step 3: Use the remainder as the numerator.


The remainder is 1, so the fraction part is 13.


Step 4: Keep the denominator the same.


So:


73=213

Worked Example 2


Change 135 to a mixed number.


Step 1: Divide 13 by 5.


13÷5=2 remainder 3

Step 2: The quotient is the whole number: 2.


Step 3: The remainder is the numerator: 3.


Step 4: The denominator stays 5.


So:


135=235

Special case: If there is no remainder, the answer is a whole number.


For example:


124=3

Because:


12÷4=3 remainder 0

Changing a mixed number to an improper fraction


To change a mixed number into an improper fraction, follow these steps:



  	Multiply the whole number by the denominator.

  	Add the numerator.

  	Put that result over the original denominator.




You can remember it like this:


new numerator=(whole number×denominator)+numerator

The denominator does not change.


Why does this work?


The whole number tells how many complete groups of the denominator you have.


For example, in 235, the 2 wholes each contain 5 fifths.



  	2 wholes = 2×5=10 fifths

  	plus 3 more fifths

  	so there are 13 fifths total




That is why:


235=135

Worked Example 3


Change 124 to an improper fraction.


Step 1: Multiply the whole number by the denominator.


1×4=4

Step 2: Add the numerator.


4+2=6

Step 3: Put the result over the same denominator.


124=64

Worked Example 4


Change 346 to an improper fraction.


Step 1: Multiply the whole number by the denominator.


3×6=18

Step 2: Add the numerator.


18+4=22

Step 3: Put the result over the same denominator.


346=226

Using pictures in your mind


It can help to imagine wholes split into equal parts.


For 94, think of fourths. Every 4 fourths make 1 whole.



  	First 4 fourths = 1 whole

  	Next 4 fourths = 1 more whole

  	1 fourth left




So:


94=214

Number line thinking


Fractions are also numbers on a number line.


If you have 64, you can count by fourths:



  	44=1

  	54=114

  	64=124




This shows that improper fractions and mixed numbers land at the same place on the number line.


Common mistakes to avoid



  	Do not change the denominator when converting. The size of the parts stays the same.

  	Do not add the denominator when changing a mixed number to an improper fraction. Only multiply the whole number by the denominator, then add the numerator.

  	Make sure the remainder is less than the denominator when writing a mixed number.

  	Remember that a mixed number has a whole number and a fraction, not two separate numbers.




Quick check


Try thinking through these:



  	114=234

  	83=223

  	212=52

  	438=358




[image: 📋]   Summary


An improper fraction has a numerator that is greater than or equal to the denominator. A mixed number has a whole number and a fraction together.


To change an improper fraction to a mixed number, divide the numerator by the denominator. The quotient is the whole number, the remainder is the numerator, and the denominator stays the same.


To change a mixed number to an improper fraction, multiply the whole number by the denominator, add the numerator, and keep the same denominator.


These two forms show the same value. They are just two different ways to write a quantity greater than 1.


  
  Put what you read to the test

  You've worked through Improper Fractions and Mixed Numbers. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/517
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  Generating Equivalent Fractions


Fractions can look different but still name the same amount. These are called equivalent fractions.


For example, 12 and 24 are equivalent fractions. They look different, but they both represent the same part of a whole.


In this lesson, you will learn how to generate equivalent fractions by multiplying or dividing the numerator and denominator by the same number.


What is a fraction?


A fraction has two parts:


  	The numerator is the top number. It tells how many parts we have.

  	The denominator is the bottom number. It tells how many equal parts the whole is split into.




In 34, the numerator is 3 and the denominator is 4.


What does equivalent mean?


Equivalent means equal in value. So equivalent fractions are fractions that are equal, even though the numbers in them are different.


You can think of this like money. A dime and 10 pennies look different, but they have the same value. In the same way, equivalent fractions may look different, but they name the same amount.


How to generate equivalent fractions


To make an equivalent fraction, multiply the numerator and denominator by the same number.


For example, start with 13.


If we multiply both parts by 2, we get:


1×23×2=26

So 13 and 26 are equivalent fractions.


If we multiply both parts by 3, we get:


1×33×3=39

So 13, 26, and 39 are all equivalent.


Why does this work?


When you multiply the numerator and denominator by the same number, you are making more equal pieces, but the total amount stays the same.


Imagine a rectangle split into 2 equal parts, with 1 part shaded. That is 12.


If each of those 2 parts is split into 2 smaller equal parts, there are now 4 equal parts total, and 2 are shaded. That is 24.


The shaded amount did not change. Only the number of pieces changed. That is why the fractions are equivalent.


You can also divide to find equivalent fractions


If the numerator and denominator are both divisible by the same number, you can divide both by that number to make a simpler equivalent fraction.


For example:


68=6÷28÷2=34

So 68 and 34 are equivalent fractions.


The rule stays the same:


  	Multiply both numbers by the same number, or

  	Divide both numbers by the same number.




Important rule


You must do the same operation to both the numerator and the denominator.


If you multiply only the numerator, or only the denominator, the fraction changes value and is no longer equivalent.


For example, starting with 12:



  	Correct: 1×22×2=24

  	Not equivalent: 1×22=22




22 equals 1, but 12 does not equal 1. So those fractions are not equivalent.


Worked Example 1


Generate two equivalent fractions for 25.


Step 1: Multiply numerator and denominator by 2.


2×25×2=410

Step 2: Multiply numerator and denominator by 3.


2×35×3=615

So two equivalent fractions for 25 are 410 and 615.


Worked Example 2


Find an equivalent fraction for 34 with denominator 12.


Ask: What number do we multiply 4 by to get 12?


4×3=12

So we multiply the numerator by 3 too.


3×34×3=912

So 34=912.


Worked Example 3


Find an equivalent fraction for 1015 by dividing.


Both 10 and 15 can be divided by 5.


10÷515÷5=23

So 1015 and 23 are equivalent fractions.


Worked Example 4


Is 46 equivalent to 812?


Check if one fraction can be made from the other by multiplying both numbers by the same number.


From 46 to 812, both numbers are multiplied by 2.


4×26×2=812

Yes, they are equivalent fractions.


A helpful way to think about it


Equivalent fractions are like different names for the same point on a number line.


For example, 12, 24, and 48 all land at the same place because they all represent the same amount.


Steps to follow


  	Look at the fraction.

  	Choose a number to multiply or divide by.

  	Use that same number on both the numerator and denominator.

  	Check that the new fraction has the same value as the original.




Common mistakes to avoid


  	Do not change only one number in the fraction.

  	Do not add the same number to the numerator and denominator. Equivalent fractions are made by multiplying or dividing.

  	Make sure the numerator and denominator are both whole numbers after dividing.




For example, starting with 23:


  	Correct: 2×23×2=46

  	Not a good method for generating equivalent fractions: 2+23+2=45




45 is not equal to 23, so it is not equivalent.


[image: 📋]   Summary


Equivalent fractions are fractions that have the same value. You can generate equivalent fractions by multiplying or dividing the numerator and denominator by the same number.


If you change both parts of the fraction in the same way, the amount stays the same. This helps you rename fractions, compare them, and understand that fractions can look different while still being equal.


  
  Put what you read to the test

  You've worked through Generating Equivalent Fractions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/518
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  Simplifying Fractions


Fractions can look different but still have the same value. For example, \,12 and \,24 name the same amount. Simplifying a fraction means rewriting it in a form that is easier to read but still has the same value.


When we simplify a fraction, we divide both the numerator and the denominator by the same number. We keep doing this until we cannot divide both by the same whole number other than 1. Then the fraction is in simplest form.


Remember:


  	The numerator is the top number.

  	The denominator is the bottom number.

  	A fraction shows equal parts of a whole.




For example, in \,68:


  	6 is the numerator.

  	8 is the denominator.




To simplify fractions, we look for a number that can divide both the numerator and denominator evenly. The greatest common factor (GCF) is the greatest whole number that divides both numbers evenly.


If we divide both parts of a fraction by the GCF, we get the fraction in simplest form in one step.


Why does this work?


Imagine a pizza cut into 8 equal slices. If you have 4 slices, that is \,48 of the pizza. But 4 out of 8 is the same as 1 out of 2 bigger equal parts. So \,48=12.


The amount does not change. Only the way we write it changes.


Steps for simplifying fractions


  	Find the numerator and denominator.

  	Find the GCF of both numbers.

  	Divide the numerator by the GCF.

  	Divide the denominator by the GCF.

  	Check that the new fraction cannot be simplified anymore.




Worked Example 1


Simplify \,48.


First, find the GCF of 4 and 8.


  	Factors of 4: 1, 2, 4

  	Factors of 8: 1, 2, 4, 8




The greatest common factor is 4.


Now divide both numbers by 4:


4÷48÷4=12

So, \,48=12.


Worked Example 2


Simplify \,69.


Find the GCF of 6 and 9.


  	Factors of 6: 1, 2, 3, 6

  	Factors of 9: 1, 3, 9




The greatest common factor is 3.


Divide both numbers by 3:


6÷39÷3=23

So, \,69=23.


Worked Example 3


Simplify \,1218.


Find the GCF of 12 and 18.


  	Factors of 12: 1, 2, 3, 4, 6, 12

  	Factors of 18: 1, 2, 3, 6, 9, 18




The greatest common factor is 6.


Divide both numbers by 6:


12÷618÷6=23

So, \,1218=23.


Worked Example 4


Simplify \,1535.


Find the GCF of 15 and 35.


  	Factors of 15: 1, 3, 5, 15

  	Factors of 35: 1, 5, 7, 35




The greatest common factor is 5.


Divide both numbers by 5:


15÷535÷5=37

So, \,1535=37.


Another way to simplify


Sometimes you may not know the GCF right away. That is okay. You can simplify in smaller steps by dividing by any common factor greater than 1.


For example, simplify \,812.


Both 8 and 12 can be divided by 2:


812=46

Then 4 and 6 can both be divided by 2 again:


46=23

So, \,812=23.


This gives the same answer as dividing by the GCF, which is 4.


How do you know a fraction is in simplest form?


A fraction is in simplest form when the numerator and denominator have no common factors except 1.


For example:


  	23 is in simplest form because 2 and 3 only share 1.

  	58 is in simplest form because 5 and 8 only share 1.

  	610 is not in simplest form because both numbers can be divided by 2.




Common mistakes to avoid


  	Do not subtract the same number from the numerator and denominator. Simplifying uses division, not subtraction.

  	Do not divide only the numerator or only the denominator. You must divide both by the same number.

  	Make sure the number divides both parts evenly, with no remainder.




For example, with \,1015, you should not change it to \,914. That changes the value. Instead, divide both by 5:


10÷515÷5=23

Helpful tip


If both numbers are even, try dividing by 2 first. If both end in 0 or 5, try dividing by 5. These clues can help you find common factors quickly.


[image: 📋]   Summary


Simplifying fractions means writing a fraction in an easier form without changing its value.



  	Find a common factor of the numerator and denominator.

  	The best number to use is the GCF.

  	Divide both the numerator and denominator by that same number.

  	Keep going until the fraction cannot be simplified anymore.




When a fraction is simplified, it still names the same amount. For example:


48=12,69=23,1535=37

Learning to simplify fractions helps you compare fractions, solve problems more easily, and understand that different fractions can be equivalent.


  
  Put what you read to the test

  You've worked through Simplifying Fractions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/519
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  Finding Common Denominators helps us compare, add, and subtract fractions that have different denominators.
A denominator is the bottom number in a fraction. It tells how many equal parts make one whole. For example, in 34, the denominator is 4, so the whole is split into 4 equal parts.
When fractions have different denominators, their parts are not the same size. That means we should not compare or combine them until we rename them using the same-sized parts.
This is why we find a common denominator. A common denominator is a number that both denominators can divide into evenly.
We often use the least common multiple, or LCM. The LCM is the smallest number that is a multiple of both denominators.
Using the LCM is helpful because it gives us the smallest common denominator, which keeps the numbers easier to work with.
Important idea: When we change a fraction to an equivalent fraction, its value stays the same.
We can make an equivalent fraction by multiplying the numerator and denominator by the same number:
ab=a×nb×n
For example, 12=24=36. These fractions name the same amount.
Steps for finding a common denominator
	Look at the denominators.

	Find the LCM of those denominators.

	Rename each fraction as an equivalent fraction with that denominator.

	Now the fractions have the same denominator, so they are easier to compare, add, or subtract.


How to find the LCM
One easy way is to list multiples of each denominator until you find the first number they share.
For example, to find the LCM of 4 and 6:
	Multiples of 4: 4, 8, 12, 16, 20, ...

	Multiples of 6: 6, 12, 18, 24, ...


The first multiple they both share is 12, so the LCM of 4 and 6 is 12.
That means 12 is a common denominator for fractions with denominators 4 and 6.
Worked Example 1
Find a common denominator for 12 and 13.
Step 1: Look at the denominators: 2 and 3.
Step 2: Find the LCM.
	Multiples of 2: 2, 4, 6, 8, ...

	Multiples of 3: 3, 6, 9, ...


The LCM is 6.
Step 3: Rename each fraction with denominator 6.
12=1×32×3=36
13=1×23×2=26
So the fractions with a common denominator are 36 and 26.
Worked Example 2
Find a common denominator for 34 and 56.
Step 1: Denominators are 4 and 6.
Step 2: Find the LCM.
	Multiples of 4: 4, 8, 12, 16, ...

	Multiples of 6: 6, 12, 18, ...


The LCM is 12.
Step 3: Rename both fractions.
To change 34 into twelfths, multiply by 33:
34=3×34×3=912
To change 56 into twelfths, multiply by 22:
56=5×26×2=1012
So the common denominator is 12, and the equivalent fractions are 912 and 1012.
Worked Example 3
Find a common denominator for 25 and 310.
Step 1: Denominators are 5 and 10.
Step 2: Find the LCM.
	Multiples of 5: 5, 10, 15, ...

	Multiples of 10: 10, 20, 30, ...


The LCM is 10.
Step 3: Rename the fractions.
25 needs denominator 10, so multiply by 22:
25=410
310 already has denominator 10, so it stays the same:
310=310
So the fractions with a common denominator are 410 and 310.
This example shows an important point: sometimes one denominator is already the LCM.
Worked Example 4
Find a common denominator for 78 and 16.
Step 1: Denominators are 8 and 6.
Step 2: Find the LCM.
	Multiples of 8: 8, 16, 24, 32, ...

	Multiples of 6: 6, 12, 18, 24, ...


The LCM is 24.
Step 3: Rename the fractions.
78=7×38×3=2124
16=1×46×4=424
So the common denominator is 24, and the equivalent fractions are 2124 and 424.
Why this works
Suppose you have halves and thirds. A half and a third are not built from the same-sized pieces. But if you rename both using sixths, then both fractions are made from pieces of the same size.
That makes it fair to compare them or combine them.
For example, 12=36 and 13=26. Now both are written in sixths.
Helpful tips
	Always look at the denominators first.

	Find the smallest common denominator by using the LCM.

	Multiply the numerator and denominator by the same number.

	If a fraction already has the common denominator, leave it as it is.

	Changing to an equivalent fraction does not change the amount.


Common mistakes to avoid
	Do not add denominators together to make a common denominator. For example, for 2 and 3, the common denominator is not always 5. The LCM is 6.

	Do not change only the denominator. If you multiply the denominator, you must also multiply the numerator by the same number.

	Do not forget to use multiples when finding the LCM.


Quick check
Try these on your own:
	14 and 23

	35 and 12

	56 and 19


Brief Summary
To find a common denominator, look at the denominators and find their least common multiple. Then rename each fraction as an equivalent fraction using that denominator. Once fractions have the same denominator, their parts are the same size, so they are ready to be compared, added, or subtracted.


  
  Put what you read to the test

  You've worked through Finding Common Denominators. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/520
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  Comparing and Ordering Fractions means figuring out which fraction is smaller, which is larger, and putting fractions in order from least to greatest or greatest to least.


This is an important skill because fractions are numbers, just like whole numbers. We can place them on a number line, compare their sizes, and decide where they belong.


In this lesson, you will learn several smart ways to compare fractions:


  	Compare fractions with the same denominator

  	Compare fractions with the same numerator

  	Use common denominators

  	Use cross-multiplication to compare

  	Use benchmark fractions like 0, 12, and 1

  	Order fractions from least to greatest or greatest to least




First, remember what a fraction means.


In a fraction like 34, the denominator tells how many equal parts the whole is split into. The numerator tells how many of those parts we have.


So 34 means 3 out of 4 equal parts.


1. Comparing fractions with the same denominator


If two fractions have the same denominator, they are divided into equal-sized pieces. That means you only need to compare the numerators.


Example: Which is greater, 38 or 58?


Both fractions have denominator 8, so the pieces are the same size. Since 5 pieces are more than 3 pieces,


58>38

Rule: When denominators are the same, the fraction with the greater numerator is greater.


2. Comparing fractions with the same numerator


If two fractions have the same numerator, they have the same number of pieces. But the size of the pieces may be different.


Example: Which is greater, 34 or 38?


Both fractions have 3 pieces. But fourths are bigger than eighths, because splitting something into 4 equal parts makes bigger pieces than splitting it into 8 equal parts.


So,


34>38

Rule: When numerators are the same, the fraction with the smaller denominator is greater.


3. Using common denominators


Sometimes fractions do not have the same numerator or denominator. One helpful strategy is to rename them with a common denominator.


A common denominator is a denominator that both fractions can share.


Example: Compare 23 and 35.


The least common denominator of 3 and 5 is 15.


Rename each fraction:


23=1015
35=915

Now compare:


1015>915

So,


23>35

Once fractions have the same denominator, comparing them is easy.


4. Using cross-multiplication


Another way to compare two fractions is to use cross-multiplication. This means multiplying across the fractions in both directions.


To compare ab and cd, compare:


a×dandc×b

Example: Compare 47 and 59.


Multiply across:


4×9=36
5×7=35

Since 36>35,


47>59

This works because cross-multiplication helps us compare the fractions without first finding common denominators.


5. Using benchmark fractions


A benchmark fraction is a fraction you know well, such as 0, 12, or 1. These can help you quickly estimate and compare fractions.


Compare to 0: Any positive fraction is greater than 0.


Compare to 1: A fraction with numerator less than denominator is less than 1. A fraction with numerator equal to denominator is 1.


Compare to 12:


  	If the numerator is half the denominator, the fraction equals 12.

  	If the numerator is more than half the denominator, the fraction is greater than 12.

  	If the numerator is less than half the denominator, the fraction is less than 12.




Example: Compare 58 and 12.


Half of 8 is 4. Since 5 is more than 4, 58 is greater than 12.


So,


58>12

6. Ordering fractions


To order fractions, compare them two at a time or rename them so they have common denominators.


If the directions say least to greatest, start with the smallest fraction and move to the largest.


If the directions say greatest to least, start with the largest fraction and move to the smallest.


Worked Example 1: Same denominator


Order 16, 56, and 36 from least to greatest.


All the denominators are 6, so compare the numerators: 1, 5, and 3.


From least to greatest:


16,36,56

Worked Example 2: Same numerator


Compare 45, 47, and 49.


All the numerators are 4. When numerators are the same, the fraction with the smaller denominator is greater.


So fifths are bigger than sevenths, and sevenths are bigger than ninths.


From greatest to least:


45,47,49

From least to greatest:


49,47,45

Worked Example 3: Use common denominators


Order 12, 23, and 34 from least to greatest.


The least common denominator of 2, 3, and 4 is 12.


Rename each fraction:


12=612
23=812
34=912

Now compare the numerators:


6<8<9

So the order is:


12,23,34

Worked Example 4: Use cross-multiplication and a benchmark


Which is greater, 56 or 78?


Method 1: Cross-multiplication


5×8=40
7×6=42

Since 42>40,


78>56

Method 2: Think about 1 as a benchmark.


56 is 1 sixth away from 1, and 78 is 1 eighth away from 1.


Since 18 is smaller than 16, 78 is closer to 1. That means it is greater.


Helpful tips


  	If denominators are the same, compare numerators.

  	If numerators are the same, compare denominators carefully.

  	Use common denominators when you want to rewrite fractions with equal-sized parts.

  	Use cross-multiplication for a quick comparison of two fractions.

  	Use 0, 12, and 1 as benchmark fractions to estimate.

  	Always read the directions to see whether to order least to greatest or greatest to least.




Watch out for these mistakes


  	Do not just compare denominators and think the bigger denominator always means the bigger fraction.

  	Remember: bigger denominator means smaller pieces.

  	Do not forget to rename fractions correctly when finding common denominators.

  	When ordering fractions, make sure every fraction is included and written in the correct direction.




[image: 📋]   Summary


Fractions can be compared in different ways. If they have the same denominator, compare numerators. If they have the same numerator, the fraction with the smaller denominator is greater.


For other fractions, you can use common denominators, cross-multiplication, or benchmark fractions like 12 and 1. These strategies help you decide which fraction is greater and put fractions in order correctly.


  
  Put what you read to the test

  You've worked through Comparing and Ordering Fractions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/521






  [image: 📝]   Lesson 40: Fraction Density on a Number Line

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/563




  Fraction Density on a Number Line


Fractions are not just pieces of a shape. Fractions are also numbers, and every fraction has a place on a number line.


When we talk about fraction density, we mean something very important: between any two numbers on a number line, we can always find more fractions. There is never just one fraction between two points. There are always more.


This means that between 0 and 1, there are many fractions like 12, 13, 34, and many others. In fact, there are infinitely many fractions between 0 and 1. The same is true between any two whole numbers, and even between any two fractions.


Understanding this helps us see the number line as full of numbers, not just a few marked points.


1. Fractions on a number line


A number line shows numbers in order from least to greatest. The distance between numbers matters. Equal spaces on the line mean equal amounts.


To place a fraction on a number line, we look at the denominator first. The denominator tells how many equal parts the whole is divided into.



  	For 12, divide the space from 0 to 1 into 2 equal parts.

  	For 14, divide the space from 0 to 1 into 4 equal parts.

  	For 35, divide the space from 0 to 1 into 5 equal parts, then count 3 parts from 0.




The numerator tells how many of those equal parts to count.


2. There are many fractions between whole numbers


Think about the whole numbers 0 and 1. You may already know one fraction between them: 12.


But 12 is not the only fraction there. We can also name:



  	14

  	34

  	110

  	78




All of these are greater than 0 and less than 1, so they all fit between 0 and 1 on the number line.


This is why we say fractions are dense on the number line: there are always more fractions you can find.


3. There are also fractions between fractions


Now think about two fractions, like 12 and 34.


You might wonder, “Is there a fraction between them?” Yes. One example is 58.


On a number line, 12=48and34=68


So 58 is right between them because 5 eighths is between 4 eighths and 6 eighths.


This shows an important idea: if we rewrite fractions using a common denominator, it becomes easier to see fractions between them.


4. Equivalent fractions help us find more points


Equivalent fractions are different names for the same number. For example,


12=24=36=48


These all land at the same point on the number line.


Equivalent fractions help us find fractions between two numbers because they let us divide the line into smaller equal parts.


For example, between 12 and 1, we can write:


12=24and1=44


Now we can see that 34 is between them.


We could divide into even smaller parts:


12=48and1=88


Now we can see more fractions between them, like 58, 68, and 78.


5. How to tell if a fraction is between two numbers


To decide if a fraction belongs between two points on a number line, ask:



  	Is it greater than the number on the left?

  	Is it less than the number on the right?




For example, is 23 between 0 and 1? Yes, because it is more than 0 and less than 1.


Is 54 between 0 and 1? No, because 54 is greater than 1.


6. Worked Examples


Example 1: Place 34 on a number line from 0 to 1.


Step 1: Look at the denominator. The denominator is 4, so divide the space from 0 to 1 into 4 equal parts.


Step 2: Count 3 parts from 0 because the numerator is 3.


So 34 is at the third tick mark out of 4 equal parts.


Example 2: Name two fractions between 0 and 1.


We need fractions greater than 0 and less than 1.


Two examples are 13 and 25.


Check:



  	0<13<1

  	0<25<1




So both fractions belong between 0 and 1 on the number line.


Example 3: Find a fraction between 12 and 34.


Let’s rewrite both fractions with the same denominator.


12=48and34=68


Now look for a fraction between 48 and 68.


That fraction is 58.


So one fraction between 12 and 34 is 58.


Example 4: Find two fractions between 1 and 2.


Whole numbers can also have many fractions between them.


Let’s divide the space from 1 to 2 into 4 equal parts. The points are:


1,  114,  112,  134,  2


So two fractions between 1 and 2 are 114 and 112.


We could also choose many others, such as 113 or 178.


7. Important ideas to remember



  	Fractions are numbers, and they belong on a number line.

  	The denominator tells how many equal parts to make.

  	The numerator tells how many parts to count.

  	Between any two whole numbers, there are many fractions.

  	Between any two fractions, there are still more fractions.

  	Equivalent fractions can help you find fractions between two numbers.




8. Quick check for yourself


Try thinking about these questions:



  	Is 45 between 0 and 1?

  	Name a fraction between 14 and 34.

  	Name a fraction between 2 and 3.




Possible answers:



  	Yes, 45 is between 0 and 1.

  	One fraction between 14 and 34 is 12.

  	One fraction between 2 and 3 is 212.




[image: 📋]   Summary


Fractions fill the number line. They are not just a few special numbers. Between any two numbers, you can always find more fractions.


When you use equal parts, compare values, and rewrite fractions with common denominators, it becomes easier to place fractions and find fractions between other numbers.


  
  Put what you read to the test

  You've worked through Fraction Density on a Number Line. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/522






  
    
  [image: 📖]   Chapter 6

  Fraction Operations
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  Adding and Subtracting Like Fractions


Fractions help us describe parts of a whole. When we add or subtract like fractions, we are working with fractions that have the same denominator.


The denominator tells us how many equal parts the whole is split into. If the denominators are the same, the pieces are the same size. That makes adding and subtracting much easier.


For example, in the fractions 28 and 38, both denominators are 8. That means both fractions are made of eighths, so we can combine or compare them directly.


Important idea: When adding or subtracting like fractions, the denominator stays the same. We only add or subtract the numerators.


Here is the basic rule:


ab+cb=a+cb

ab−cb=a−cb

This works because the pieces are the same size. If you have 2 eighths and add 3 more eighths, you now have 5 eighths.


Step-by-step for adding like fractions:


  	Check that the denominators are the same.

  	Add the numerators.

  	Keep the denominator the same.

  	Simplify if needed.




Step-by-step for subtracting like fractions:


  	Check that the denominators are the same.

  	Subtract the numerators.

  	Keep the denominator the same.

  	Simplify if needed.




Let’s look at what each part means:


  	The numerator is the top number. It tells how many parts we have.

  	The denominator is the bottom number. It tells the size of the parts by showing how many equal parts make one whole.




If the denominator is 6, the whole is split into 6 equal parts. So 16 means one sixth, 46 means four sixths, and so on.


Worked Example 1: Simple addition

Add 27+37.

The denominators are both 7, so these are like fractions.

Add the numerators:

27+37=57
Answer: 57


Worked Example 2: Simple subtraction

Subtract 69−29.

The denominators are both 9, so subtract the numerators and keep the denominator.

69−29=49
Answer: 49


Worked Example 3: Add and simplify

Add 310+510.

The denominators match, so add the numerators:

310+510=810
Now simplify 810. Both 8 and 10 can be divided by 2:

810=45
Answer: 45


Worked Example 4: Result greater than 1

Add 56+46.

Add the numerators and keep the denominator:

56+46=96
This fraction is greater than 1 whole. Since 66=1, we can think of 96 as 1 whole and 36 left over:

96=136
Now simplify 36 to 12:

136=112
Answer: 112


Using a picture idea

Imagine a pizza cut into 8 equal slices. If you eat 28 of the pizza and your friend eats 38, together you ate 58 of the pizza.


Because all the slices are the same size, you can count the slices together. That is why you add the numerators but keep the denominator the same.


Now imagine you had 78 of a pizza left and then ate 28 more. You would subtract:

78−28=58

Watch out for these common mistakes:


  	Do not add the denominators. For example, 15+25 is not 310. It is 35.

  	Do not subtract the denominators. For example, 47−17 is not 30. It is 37.

  	Remember to simplify when possible. For example, 26 can be simplified to 13.




Helpful check: Ask yourself, “Are the pieces the same size?” If the denominators are the same, the answer is yes. Then you can add or subtract the numerators.


Practice thinking:


  	14+24=34

  	58−18=48=12

  	312+612=912=34




Let’s review the big idea:


  	Like fractions have the same denominator.

  	When denominators are the same, the parts are the same size.

  	Add or subtract the numerators.

  	Keep the denominator the same.

  	Simplify if you can.




Once you understand that the denominator tells the size of the pieces, adding and subtracting like fractions becomes much easier. You are simply combining or comparing equal-sized parts.


  
  Put what you read to the test

  You've worked through Adding and Subtracting Like Fractions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/523
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  Adding and Subtracting Unlike Fractions


Fractions can be added and subtracted, but there is one important rule: the fractions must name parts of the same size.


When fractions have the same denominator, they already have parts of the same size. For example, in 18 and 38, both fractions are made of eighths, so they are easy to combine.


But when fractions have unlike denominators, the parts are different sizes. For example, thirds and fourths are not the same size, so you cannot add or subtract them right away.


To solve these problems, we change the fractions into equivalent fractions with a common denominator. Then we can add or subtract safely.


What is a common denominator?


A common denominator is a number that both denominators can divide into evenly. We often use the least common denominator, which is the smallest number both denominators can go into.


For example:


  	For 2 and 3, a common denominator is 6.

  	For 4 and 6, a common denominator is 12.

  	For 3 and 5, a common denominator is 15.




Steps for adding or subtracting unlike fractions



  	Find a common denominator.

  	Rename each fraction as an equivalent fraction with that denominator.

  	Add or subtract the numerators.

  	Keep the denominator the same.

  	Simplify if needed.




Important reminder: When adding or subtracting fractions, only the numerators change. The denominator stays the same after the fractions have been renamed to the common denominator.


Worked Example 1: Add simple unlike fractions


Solve 12+13.


Step 1: Find a common denominator for 2 and 3. The least common denominator is 6.


Step 2: Rename each fraction in sixths.


12=36

13=26

Step 3: Add the numerators.


36+26=56

Answer: 12+13=56


Worked Example 2: Subtract unlike fractions


Solve 34−16.


Step 1: Find a common denominator for 4 and 6. The least common denominator is 12.


Step 2: Rename each fraction in twelfths.


34=912

16=212

Step 3: Subtract the numerators.


912−212=712

Answer: 34−16=712


Worked Example 3: Add fractions and simplify


Solve 25+110.


Step 1: Find a common denominator for 5 and 10. The least common denominator is 10.


Step 2: Rename 25 in tenths.


25=410

The second fraction is already in tenths:


110=110

Step 3: Add the numerators.


410+110=510

Step 4: Simplify.


510=12

Answer: 25+110=12


Worked Example 4: Subtract a mixed number idea using fractions less than 1


Solve 56−14.


Step 1: Find a common denominator for 6 and 4. The least common denominator is 12.


Step 2: Rename each fraction in twelfths.


56=1012

14=312

Step 3: Subtract the numerators.


1012−312=712

Answer: 56−14=712


How to find equivalent fractions


To make an equivalent fraction, multiply the numerator and denominator by the same number.


Example:


23=2×43×4=812

This works because the fraction still has the same value. It is just written using different-sized parts.


How to find a common denominator


One helpful way is to list multiples of each denominator until you find one they share.



  	Multiples of 3: 3,6,9,12,15

  	Multiples of 5: 5,10,15




The first shared multiple is 15, so 15 is the least common denominator.


Common mistakes to avoid



  	Do not add the denominators. For example, 12+13 is not 25.

  	Do not subtract the denominators. The denominator is kept once both fractions have the same denominator.

  	Rename both fractions correctly. If the denominator changes, the numerator must change too.

  	Simplify your final answer when possible.




Quick check


Try thinking through these:


  	13+16 [image: →] common denominator: 6

  	38−14 [image: →] common denominator: 8

  	23+15 [image: →] common denominator: 15




[image: 📋]   Summary


To add or subtract unlike fractions, first find a common denominator. Then rename the fractions as equivalent fractions with that denominator. After that, add or subtract the numerators, keep the denominator the same, and simplify if needed.


Remember: fractions must be talking about equal-sized parts before you combine them. Once the denominators match, the problem becomes much easier.


  
  Put what you read to the test

  You've worked through Adding and Subtracting Unlike Fractions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/524
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  Adding and Subtracting Mixed Numbers


A mixed number has a whole number and a fraction together, like 213 or 534.


In this lesson, you will learn how to add and subtract mixed numbers. You will also learn what to do when you need to regroup, which means trading 1 whole for a fraction so the problem can be solved more easily.


Mixed numbers are used in real life all the time. For example, you might measure 112 cups of flour or walk 234 miles. Knowing how to add and subtract them helps you solve everyday problems.


Step 1: Understand the parts of a mixed number


Every mixed number has:


  	a whole number

  	a fraction




For example, in 325:


  	the whole number is 3

  	the fraction is 25




When adding or subtracting mixed numbers, it helps to work with the whole numbers and the fractions in an organized way.


Step 2: Add mixed numbers with the same denominator


If the fractions have the same denominator, add the whole numbers and add the fractions.


Example idea:

125+215

Add the whole numbers:

1+2=3

Add the fractions:

25+15=35

Put them together:

125+215=335

This works because the pieces are the same size. Fifths can be added to fifths.


Step 3: What if the fraction part adds to 1 whole or more?


Sometimes the fractions add up to an improper fraction, which means the numerator is greater than or equal to the denominator.


When that happens, change the fraction part into a mixed number or whole number, then add it to the whole-number part.


For example:

234+124

Add the whole numbers:

2+1=3

Add the fractions:

34+24=54

Now rewrite 54 as:

54=114

Add that extra whole:

3+114=414

So:

234+124=414

Step 4: Subtract mixed numbers with the same denominator


If the top mixed number has a larger fraction part than the bottom mixed number, subtract the whole numbers and subtract the fractions.


For example:

546−216

Subtract the whole numbers:

5−2=3

Subtract the fractions:

46−16=36

Put them together:

546−216=336

You can simplify 36 to 12, so the final answer is:

312

Step 5: Subtract mixed numbers when you need to regroup


Sometimes the fraction on top is smaller than the fraction on the bottom. Then you cannot subtract the fractions right away.


In that case, regroup by taking 1 whole from the whole number and turning it into a fraction with the same denominator.


For example:

415−235

At first, 15−35 does not work because 1<3.


So regroup 415. Take 1 whole from the 4. That leaves 3 wholes. The 1 whole becomes 55 because the denominator is 5.


Add that to the fraction part:

415=365

Now subtract:

365−235

Subtract the whole numbers:

3−2=1

Subtract the fractions:

65−35=35

Answer:

415−235=135

How regrouping works


Here is the important idea:

1=55or1=44or1=88

The fraction you use depends on the denominator in the problem.


So if you need to regroup:


  	take 1 away from the whole number

  	change that 1 whole into a fraction with the same denominator

  	add it to the fraction part




For example:


  	728=6108

  	314=254

  	637=5107




Worked Example 1: Easy addition


Solve:

213+313

Add the whole numbers:

2+3=5

Add the fractions:

13+13=23

Answer:

213+313=523

Worked Example 2: Addition that makes an extra whole


Solve:

156+246

Add the whole numbers:

1+2=3

Add the fractions:

56+46=96

Rewrite 96 as a mixed number:

96=136

Now combine with 3:

3+136=436

Simplify 36 to 12:

412

Answer:

156+246=412

Worked Example 3: Subtraction without regrouping


Solve:

678−428

Subtract the whole numbers:

6−4=2

Subtract the fractions:

78−28=58

Answer:

678−428=258

Worked Example 4: Subtraction with regrouping


Solve:

724−334

You cannot do 24−34, so regroup.


Take 1 whole from 7. That leaves 6. Change the 1 whole into 44.


Add it to 24:

724=664

Now subtract:

664−334

Subtract the whole numbers:

6−3=3

Subtract the fractions:

64−34=34

Answer:

724−334=334

Tips to remember


  	Add or subtract the whole numbers and fraction parts carefully.

  	The fractions in this lesson have the same denominator, so keep the denominator the same.

  	If the fraction part in addition is greater than or equal to 1 whole, rename it.

  	If the fraction part in subtraction is too small, regroup.

  	Simplify your fraction if you can.




Common mistakes to avoid


  	Do not add the denominators when the denominators are the same.

  	Do not forget to regroup in subtraction when the top fraction is smaller.

  	Do not leave an improper fraction in your final mixed-number answer unless your teacher says it is okay.

  	Do not forget to simplify, like changing 24 to 12.




Quick check


  	327+147

  	538−218

  	256+436

  	613−223




You can solve these by asking:


  	Are the denominators the same?

  	Am I adding or subtracting?

  	Do I need to regroup?

  	Can I simplify my answer?




[image: 📋]   Summary


To add mixed numbers, add the whole numbers and add the fractions. If the fraction part makes 1 whole or more, rename it and add the extra whole.


To subtract mixed numbers, subtract the whole numbers and fractions if the top fraction is large enough. If not, regroup 1 whole into a fraction, then subtract.


With practice, adding and subtracting mixed numbers becomes easier. Work step by step, keep your fractions organized, and check whether your answer should be simplified.


  
  Put what you read to the test

  You've worked through Adding and Subtracting Mixed Numbers. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/525
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  Multiplying Fractions by Whole Numbers


Sometimes we need to add the same fraction again and again. For example, if you eat \\frac{1}{4}\ of a pizza each day for 3 days, how much pizza did you eat in all?


This is where multiplying fractions by whole numbers helps. It is a faster way to show repeated addition.


For example:


3×14=14+14+14


So, multiplying a fraction by a whole number means adding that fraction the given number of times.


Important idea: When you multiply a fraction by a whole number, the denominator stays the same. The denominator tells the size of the parts. The numerator gets multiplied by the whole number because you are counting more parts.


Here is the rule:


n×ab=n×ab


In words:


  	Multiply the whole number by the numerator.

  	Keep the denominator the same.

  	Simplify if needed.

  	If the answer is greater than 1, you can write it as a mixed number.




Why does this make sense?


If you have \\frac{2}{5}\ and you take it 4 times, then you have 4 groups of 2 fifths.


That means:


4×25=25+25+25+25=85


You now have 8 fifths. The pieces are still fifths, so the denominator stays 5.


You can also think with a model.


Imagine a rectangle split into 4 equal parts. One part is \\frac{1}{4}\. If you shade \\frac{1}{4}\ three times, then 3 out of 4 parts are shaded. That gives \\frac{3}{4}\.


So:


3×14=34


This shows that multiplying by a whole number can be seen as making more equal groups of the same fraction.


Steps for multiplying a fraction by a whole number


  	Write the multiplication problem.

  	Multiply the whole number and the numerator.

  	Keep the denominator the same.

  	Simplify the fraction if possible.

  	If needed, change an improper fraction to a mixed number.




Worked Example 1


Find \2 \times \frac{3}{8}\.


Multiply the whole number by the numerator:


2×38=2×38=68


Simplify \\frac{6}{8}\:


68=34


So the answer is \\frac{3}{4}\.


You can also check with repeated addition:


38+38=68=34


Worked Example 2


Find \5 \times \frac{1}{6}\.


Multiply the numerator by 5:


5×16=5×16=56


This fraction is already simplified.


So the answer is \\frac{5}{6}\.


Worked Example 3


Find \4 \times \frac{2}{3}\.


Multiply the numerator by 4:


4×23=83


Now change \\frac{8}{3}\ to a mixed number.


Since \3\ goes into \8\ two whole times with \2\ left over:


83=223


So the answer is \2\frac{2}{3}\.


Check with repeated addition:


23+23+23+23=83=223


Worked Example 4


A ribbon piece is \\frac{3}{10}\ meter long. Mia uses 3 pieces. How much ribbon does she use in all?


This means:


3×310=910


So Mia uses \\frac{9}{10}\ meter of ribbon.


When the answer is greater than 1


Sometimes multiplying a fraction by a whole number gives more than one whole. That is okay.


Example:


3×34=94=214


This means three groups of \\frac{3}{4}\ make \2\frac{1}{4}\.


Common mistakes to avoid


  	Do not multiply the denominator by the whole number. Only the numerator is multiplied.

  	Do not forget to simplify. For example, \\frac{4}{6} = \frac{2}{3}\.

  	Do not forget mixed numbers. If your fraction is improper, change it if needed.




Look at this mistake:


3×25=615


This is not correct because the denominator should stay 5.


The correct answer is:


3×25=65=115


Helpful tip


If you are not sure, rewrite the multiplication as addition.


For example:


4×17=17+17+17+17=47


This can help you see why the denominator stays the same.


[image: 📋]   Summary



  	Multiplying a fraction by a whole number means repeated addition.

  	Multiply the whole number and the numerator.

  	Keep the denominator the same.

  	Simplify your answer if possible.

  	If the answer is greater than 1, write it as a mixed number if needed.




Remember:


n×ab=n×ab


With practice, you will see that multiplying fractions by whole numbers is just counting fractional parts in equal groups.


  
  Put what you read to the test

  You've worked through Multiplying Fractions by Whole Numbers. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/526
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  Multiplying Fractions by Fractions


Sometimes we need to find a part of a part. That is what happens when we multiply one fraction by another fraction.


For example, what does 12×34 mean? It means one-half of three-fourths. We are finding part of an amount that is already a fraction.


In this lesson, you will learn two ways to understand this:


  	with an area model, and

  	with a simple multiply across rule.




1. What does multiplying fractions mean?


When whole numbers are multiplied, we can think of repeated groups. But with fractions, multiplication often means finding a part of another part.


So if we have:

23×35

we are finding two-thirds of three-fifths.


2. Using an area model


An area model helps us see why fraction multiplication works.


Imagine a rectangle that stands for 1 whole.


  	First, divide it into equal parts one way.

  	Then shade one fraction.

  	Next, divide it the other way.

  	Shade the second fraction in a different direction.

  	The overlapping part shows the product.




Let us look at 12×34.


  	Divide the rectangle into 4 equal columns and shade 3 of them. This shows 34.

  	Now divide the same rectangle into 2 equal rows and shade 1 row in the other direction. This shows 12.

  	The overlapping shaded part is the answer.




The whole rectangle now has 2×4=8 equal small parts.

The overlap covers 3 of those 8 parts, so:

12×34=38


This is why multiplying fractions gives a smaller piece when both fractions are less than 1.


3. The rule: multiply numerators and multiply denominators


There is a quick rule for multiplying fractions:


  	Multiply the numerators (top numbers).

  	Multiply the denominators (bottom numbers).




In general:

ab×cd=a×cb×d


This works because the area model creates a new grid:


  	the denominator tells how many equal parts the whole is split into,

  	and the numerator tells how many of those parts are shaded.




4. Worked Examples


Example 1: Multiply 12×34

Multiply the numerators:

1×3=3

Multiply the denominators:

2×4=8

So:

12×34=38

Answer: 38


Example 2: Multiply 23×45

Multiply the numerators:

2×4=8

Multiply the denominators:

3×5=15

So:

23×45=815

Answer: 815


Example 3: Multiply 34×23

Multiply the numerators:

3×2=6

Multiply the denominators:

4×3=12

So first we get:

34×23=612

Now simplify. Both 6 and 12 can be divided by 6:

612=12

Answer: 12


Example 4: Multiply 56×310

Multiply the numerators:

5×3=15

Multiply the denominators:

6×10=60

So first we get:

56×310=1560

Simplify by dividing both numbers by 15:

1560=14

Answer: 14


5. How to simplify your answer


After multiplying, always check whether the fraction can be written in a simpler form.


To simplify, divide the numerator and denominator by the same number.


For example:

48=12

because both 4 and 8 can be divided by 4.


6. A helpful way to think about the answer


When you multiply two fractions that are both less than 1, the answer is usually smaller than either fraction.


For example:

12×13=16

One-third of a half is a very small part, so 16 makes sense.


This is a great way to check if your answer is reasonable.


7. Steps to multiply fractions


  	Multiply the numerators.

  	Multiply the denominators.

  	Write the product as a fraction.

  	Simplify if possible.




Example of the steps:

25×37=2×35×7=635


8. Common mistakes to avoid


  	Do not add the numerators and denominators. For multiplication, you multiply them.

  	Do not forget to simplify if the answer can be reduced.

  	Make sure the answer makes sense. If you are finding a part of a part, the answer should often be smaller.




For example, this is not correct:

12×13=25

That used addition thinking, not multiplication.


The correct multiplication is:

1×12×3=16


9. Quick practice thinking

Try these in your head or on paper:


  	13×12=16

  	25×14=220=110

  	38×23=624=14




[image: 📋]   Summary

Multiplying fractions means finding a part of a part. You can show it with an area model by shading two fractions and looking at the overlap.


To multiply fractions, multiply the top numbers and multiply the bottom numbers:

ab×cd=a×cb×d


Then simplify if needed. With practice, fraction multiplication becomes quick and easy.


  
  Put what you read to the test

  You've worked through Multiplying Fractions by Fractions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/527
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  Multiplication as Scaling means that multiplication does not always make a number bigger in the same way. Sometimes multiplication stretches a number, and sometimes it shrinks a number.
You may already know multiplication as equal groups, like 4 groups of 3. That idea is still true. But in 5th grade, we also learn another important meaning of multiplication: scaling.
When we scale something, we change its size by a factor. A factor is the number we multiply by. If the factor is greater than 1, the amount gets bigger. If the factor is less than 1, the amount gets smaller.
For example, if you multiply 8 by 2, you are making 8 twice as large. If you multiply 8 by 12, you are making 8 half as large.
So multiplication can do three different things:
	Multiply by a number greater than 1: the value increases.
	Multiply by 1: the value stays the same.
	Multiply by a fraction less than 1: the value decreases.

Let’s look at these ideas more closely.
1. Multiplying by a number greater than 1 makes the quantity larger.
If the factor is greater than 1, the original number is scaled up. This means it gets bigger.
Examples of numbers greater than 1 are 2, 3, and 54.
If we start with 6 and multiply by 2, we get:
6×2=12
The 6 became larger. It was scaled up by a factor of 2.
If we multiply 6 by 54, we also get a larger number because 54 is greater than 1.
6×54=304=712
Since 712>6, the number increased.
2. Multiplying by 1 keeps the quantity the same.
The number 1 does not change the size of a number when you multiply.
9×1=9
This means scaling by 1 keeps the original amount exactly the same size.
3. Multiplying by a fraction less than 1 makes the quantity smaller.
This is the big idea in this lesson. A fraction less than 1 represents part of a whole. When you multiply by it, you take only part of the original amount.
Examples of fractions less than 1 are 12, 34, and 25.
If we start with 8 and multiply by 12, we get:
8×12=4
The number got smaller. It was scaled down to half its size.
If we multiply 8 by 34, we get:
8×34=6
Again, the result is smaller than 8 because 34 is less than 1.
Why does multiplying by a fraction less than 1 make a number smaller?
Think about the meaning of 8×34. It means three-fourths of 8. Three-fourths is only part of a whole, so the result must be less than 8.
You can picture 8 objects being split into 4 equal parts. Each part is worth 2. Then take 3 of those parts:
8÷4=2
2×3=6
So:
8×34=6
Using bar models or strips can help us see scaling.
Imagine a bar that shows a length of 12. If we want 13 of 12, we divide the bar into 3 equal parts. Each part is 4. One part is 13 of the whole, so:
12×13=4
The bar got smaller because we took only one of the three equal parts.
Now imagine multiplying 12 by 43. Since 43 is greater than 1, the bar becomes larger than 12.
12×43=16
This shows that fractions can either make a number bigger or smaller. It depends on whether the fraction is greater than 1 or less than 1.
A helpful comparison rule is:
	If the factor is greater than 1, the product is greater than the starting number.
	If the factor is equal to 1, the product is equal to the starting number.
	If the factor is less than 1, the product is less than the starting number.

This is very useful when checking whether an answer makes sense.
For example, if a student says:
10×15=50
we know right away this cannot be correct. Since 15 is less than 1, the answer should be less than 10, not greater than 10.
Worked Example 1
Find 7×3. Explain what happens to 7.
Step 1: Notice that 3 is greater than 1.
Step 2: This means 7 will be scaled up.
Step 3: Multiply.
7×3=21
Answer: The number 7 became larger. Multiplying by 3 made it 3 times as large.
Worked Example 2
Find 10×12. Explain what happens to 10.
Step 1: Notice that 12 is less than 1.
Step 2: This means 10 will be scaled down.
Step 3: Multiply.
10×12=5
Answer: The number 10 became smaller. Multiplying by 12 made it half as large.
Worked Example 3
Find 16×34. Explain why the answer is smaller than 16.
Step 1: 34 is less than 1, so the result should be less than 16.
Step 2: Divide 16 into 4 equal parts.
16÷4=4
Step 3: Take 3 of those parts.
4×3=12
So:
16×34=12
Answer: The answer is smaller than 16 because 34 means only part of 16.
Worked Example 4
Find 12×53. Explain why the answer is greater than 12.
Step 1: Compare 53 to 1. Since 53=123, it is greater than 1.
Step 2: This means 12 will be scaled up.
Step 3: Multiply.
12×53=(12÷3)×5=4×5=20
Answer: The answer is greater than 12 because multiplying by a number greater than 1 makes the quantity larger.
Tips for solving multiplication as scaling problems
	Look at the factor you are multiplying by.
	Ask: Is it greater than 1, equal to 1, or less than 1?
	Predict whether the answer should be bigger, the same, or smaller.
	Then solve the problem.
	Check if your answer makes sense.

Common mistakes to avoid
	Thinking multiplication always makes numbers bigger.
	Forgetting that fractions less than 1 make a quantity smaller.
	Not checking whether the answer makes sense.
	Confusing 54 and 45. One is greater than 1, but the other is less than 1.

Quick check
Without solving exactly, decide whether each product is greater than, equal to, or less than the starting number.
	9×23 [image: →] less than 9
	9×1 [image: →] equal to 9
	9×76 [image: →] greater than 9

This kind of thinking helps you understand multiplication better, not just compute answers.
[image: 📋]   Summary
Multiplication as scaling means multiplication changes the size of a quantity.
	If you multiply by a number greater than 1, the quantity gets larger.
	If you multiply by 1, the quantity stays the same.
	If you multiply by a fraction less than 1, the quantity gets smaller.

When you solve a multiplication problem, always think about the factor first. Then you can predict whether the answer should be bigger or smaller, and that helps you check your work.


  
  Put what you read to the test

  You've worked through Multiplication as Scaling. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/528
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  Dividing Unit Fractions by Whole Numbers


Today we will learn how to divide a unit fraction by a whole number.


A unit fraction is a fraction with a 1 on top, like 12, 13, or 18.


When we divide a unit fraction by a whole number, we are asking: If we split this small piece into equal smaller pieces, how big is each piece?


For example, if you have 12 of a sandwich and share it equally with 2 people, each person gets half of the half. That amount is smaller than 12.


Big idea: Dividing by a whole number makes the piece smaller because you are splitting it into more equal parts.


How to think about it with pictures


Start with one whole. Then divide the whole into equal parts to show the unit fraction. After that, split that unit fraction into more equal parts.



  	First, find the unit fraction, such as 13.

  	Then divide that one part into the number of equal groups named by the whole number.

  	The new pieces are smaller fractions of the whole.




Here is the rule we will use:


1b÷n=1b×n

This means when you divide a unit fraction by a whole number, you multiply the denominator by that whole number.


Why does that work? The denominator tells how many equal parts make the whole. If one of those parts gets split into even more equal pieces, the whole is now made of more total equal parts.


For example, if you start with 14, the whole is divided into 4 equal parts. If each fourth is split into 3 equal parts, then the whole is divided into 4×3=12 equal parts. So:


14÷3=112

Worked Example 1


Find 12÷2.


Step 1: Start with 12. This means one whole is split into 2 equal parts.


Step 2: Divide that half into 2 equal smaller pieces.


Step 3: Now the whole has 4 equal parts, so each small piece is 14.


12÷2=14

Meaning: Half of something shared equally between 2 people gives each person 14.


Worked Example 2


Find 13÷2.


We take one third and split it into 2 equal parts.


The whole was in 3 equal parts. Splitting each third into 2 parts makes 3×2=6 equal parts in the whole.


13÷2=16

Check: Is 16 smaller than 13? Yes. That makes sense because dividing should make the piece smaller here.


Worked Example 3


Find 15÷4.


Use the rule: multiply the denominator by 4.


15÷4=15×4=120

So each piece is 120.


Picture idea: Imagine a strip divided into 5 equal parts. Shade 1 part for 15. Then cut that shaded part into 4 equal pieces. Each tiny piece is 120 of the whole strip.


Worked Example 4


Find 18÷3.


Multiply the denominator 8 by 3.


18÷3=124

So splitting 18 into 3 equal parts gives 124 for each part.


What to remember



  	A unit fraction has 1 as the numerator.

  	Dividing a unit fraction by a whole number makes a smaller fraction.

  	To divide 1b by a whole number n, multiply the denominator by n.




1b÷n=1bn

Common mistake to avoid


Do not multiply the numerator by the whole number. The numerator stays 1 because you are still talking about one small piece of the whole.


For example:


Incorrect: 14÷2=24


Correct:


14÷2=18

Why? Because the fourth is being split into 2 smaller equal parts, making eighths.


Try thinking with words



  	12÷3 means “one half split into 3 equal parts.”

  	16÷2 means “one sixth split into 2 equal parts.”

  	110÷5 means “one tenth split into 5 equal parts.”




Using the rule:


12÷3=16

16÷2=112

110÷5=150

[image: 📋]   Summary


Dividing a unit fraction by a whole number means splitting that fraction into smaller equal pieces.


If you divide 1b by n, the answer is 1b×n.


Always ask yourself: Did my answer get smaller? If yes, that is a good sign that your work makes sense.


  
  Put what you read to the test

  You've worked through Dividing Unit Fractions by Whole Numbers. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/529






  [image: 📝]   Lesson 48: Dividing Whole Numbers by Unit Fractions

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/571




  Dividing Whole Numbers by Unit Fractions


Today we will learn how to divide a whole number by a unit fraction.


A whole number is a counting number like 1, 2, 3, 4, or 10.


A unit fraction is a fraction with 1 on top. Examples are 12, 13, 14, and 18.


When we divide a whole number by a unit fraction, we are really asking:


How many of those small fractional pieces fit into the whole number?


For example, 4÷12 means:


How many halves are in 4 wholes?


This idea is easier to understand if we picture each whole being split into equal parts.


Main Idea


If each whole is split into halves, then 1 whole has 2 halves.


If each whole is split into thirds, then 1 whole has 3 thirds.


If each whole is split into fourths, then 1 whole has 4 fourths.


So when dividing by a unit fraction, the answer gets larger because we are counting many small pieces inside the whole number.


For example:


1÷14=4

There are 4 fourths in 1 whole.


Using a Visual Model


Imagine 3 rectangles, and each rectangle stands for 1 whole.


If each rectangle is cut into 2 equal parts, then each whole has 2 halves.


So 3 wholes have:


3×2=6 halves

That means:


3÷12=6

We can use the same thinking for any unit fraction.



  	Divide by 12: count halves

  	Divide by 13: count thirds

  	Divide by 14: count fourths

  	Divide by 15: count fifths




A Helpful Pattern


Look at these examples:



  	2÷12=4

  	2÷13=6

  	2÷14=8




The denominator tells how many pieces are in each whole.


So dividing by 1n is like multiplying by n.


That means:


whole number÷1n=whole number×n

This works because each whole contains n pieces of size 1n.


Worked Example 1


Solve:


2÷12

Ask: How many halves are in 2 wholes?


Each whole has 2 halves.


So 2 wholes have:


2×2=4 halves

Answer:


2÷12=4

Worked Example 2


Solve:


5÷15

Ask: How many fifths are in 5 wholes?


Each whole has 5 fifths.


So 5 wholes have:


5×5=25 fifths

Answer:


5÷15=25

Worked Example 3


Solve:


4÷13

Ask: How many thirds are in 4 wholes?


Each whole has 3 thirds.


So 4 wholes have:


4×3=12 thirds

Answer:


4÷13=12

Worked Example 4


Solve:


7÷14

Ask: How many fourths are in 7 wholes?


Each whole has 4 fourths.


So 7 wholes have:


7×4=28 fourths

Answer:


7÷14=28

Using Reciprocal Multiplication


There is also a quick way to solve these problems.


To divide by a fraction, we can multiply by its reciprocal.


The reciprocal of 14 is 4. The reciprocal of 13 is 3. The reciprocal of 12 is 2.


So:


6÷12=6×2=12

3÷14=3×4=12

8÷13=8×3=24

This matches the picture idea. If each whole has that many equal parts, then we multiply to count all the parts.


Steps to Solve



  	Look at the unit fraction.

  	Use the denominator to see how many pieces are in each whole.

  	Multiply the whole number by that denominator.

  	Write the answer.




Example:


For 9÷13:



  	The denominator is 3.

  	Each whole has 3 thirds.

  	9×3=27




So:


9÷13=27

Common Mistake to Avoid


Do not think the answer should get smaller just because this is division.


When you divide by a unit fraction, you are counting tiny parts inside the whole number. Since the parts are small, there are many of them.


That is why:


3÷13=9

not 1.


There are 9 thirds in 3 wholes.


Try the Thinking



  	1÷12: How many halves are in 1? Answer: 2

  	2÷14: How many fourths are in 2? Answer: 8

  	6÷13: How many thirds are in 6? Answer: 18




[image: 📋]   Summary


Dividing a whole number by a unit fraction means finding how many fractional pieces fit into the whole number.


You can think with a picture, count the equal parts, or use multiplication.


For a unit fraction like 1n, each whole has n pieces, so:


whole number÷1n=whole number×n

If you remember to ask, How many of these small pieces are in the whole number? you will be able to solve these problems correctly.


  
  Put what you read to the test

  You've worked through Dividing Whole Numbers by Unit Fractions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/530






  
    
  [image: 📖]   Chapter 7

  Algebraic Thinking and Equations



  [image: 📝]   Lesson 49: Variables and Unknowns

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/572




  Variables and Unknowns are important ideas in math because they help us talk about numbers we do not know yet.
Sometimes in math, a number is missing. Instead of leaving a blank space, we can use a letter or a symbol to stand for that number. That letter or symbol is called a variable.
A variable can represent:
	an unknown number we need to find, or
	a number that can change.

For example, in the equation x+5=12, the letter x stands for a number we do not know yet. Our job is to figure out what number makes the equation true.
In math, an unknown is the value we are trying to find. A variable is the letter or symbol that stands for that unknown value.
So in x+5=12:
	x is the variable.
	The unknown is the number that x represents.

Why do we use variables?
	They help us write math problems clearly.
	They help us solve missing-number problems.
	They help us describe patterns and rules.

Think of a variable like a labeled box. The box has a name, such as n or y, and inside the box is a number. We do not know the number at first, but we can use clues to find it.
Main Idea 1: A letter can stand for a missing number.
You may have seen problems like:
□+4=9
We can replace the box with a letter:
a+4=9
Now a is the variable. It stands for the missing number.
To solve it, ask: What number plus 4 equals 9?
Since 5+4=9, we know:
a=5
Main Idea 2: A variable can change.
Sometimes a variable does not stand for just one number. It can stand for different numbers at different times.
For example, if each notebook costs $3, then the total cost depends on how many notebooks you buy.
We can write:
3n
Here, n is the number of notebooks. If n=2, then 3n=6. If n=5, then 3n=15.
This means the variable n can change.
Main Idea 3: An equation is like a balance.
An equation is a math sentence with an equals sign. The two sides must have the same value.
For example:
m+7=15
This says the value on the left side must equal the value on the right side.
To find m, think: What number plus 7 equals 15?
The answer is 8, so:
m=8
We can check by putting 8 back into the equation:
8+7=15
Since that is true, our answer is correct.
Main Idea 4: Solve by using the opposite operation.
When we solve for a variable, we often use the opposite operation.
	Addition and subtraction are opposites.
	Multiplication and division are opposites.

If a number is added, subtract to find the variable.
If a number is multiplied, divide to find the variable.
For example, in b+6=10, 6 is added to b. To find b, subtract 6 from 10.
b=10−6=4
For example, in 4c=20, c is multiplied by 4. To find c, divide 20 by 4.
c=20÷4=5
Worked Example 1
Solve:
x+3=11
Step 1: Ask, what number plus 3 equals 11?
Step 2: Use subtraction.
x=11−3
x=8
Check:
8+3=11
The equation is true, so x=8.
Worked Example 2
Solve:
y−4=9
Step 1: Ask, what number minus 4 equals 9?
Step 2: Use the opposite operation. Since 4 was subtracted, add 4.
y=9+4
y=13
Check:
13−4=9
So y=13.
Worked Example 3
Solve:
5n=35
Step 1: Ask, 5 times what number equals 35?
Step 2: Use division.
n=35÷5
n=7
Check:
5×7=35
So n=7.
Worked Example 4
A pack of markers costs $2 each. Write an expression for the cost of m packs. Then find the cost when m=4.
Step 1: Each pack costs 2 dollars.

If there are m packs, the total cost is:
2m
Step 2: Replace m with 4.
2m=2(4)
2m=8
So the total cost is 8 dollars.
This example shows that a variable can stand for different numbers. If m changes, the total cost changes too.
Tips for Working with Variables
	Read the equation slowly.
	Find the variable. Ask, “What letter stands for the number?”
	Think about what operation is happening: addition, subtraction, multiplication, or division.
	Use the opposite operation to solve.
	Always check your answer by putting it back into the equation.

Common Mistakes to Avoid
	Mixing up the variable and the answer: In x+2=6, x is not 2. x is the number that makes the equation true.
	Forgetting to check: Always test your answer.
	Not using the opposite operation: If the problem says k−3=5, do not subtract 3 again. Add 3 instead.

Let’s look at a pattern.
Suppose you make a pattern by adding 2 each time:
2, 4, 6, 8, 10
If the step number is n, one rule for the pattern is:
2n
If n=1, then 2n=2.
If n=2, then 2n=4.
If n=3, then 2n=6.
Here, the variable n helps us describe the pattern with a rule.
[image: 📋]   Summary
A variable is a letter or symbol that stands for a number. It can represent an unknown number or a number that can change.
We use variables in equations and expressions to show relationships between numbers. To solve for a variable, use the opposite operation and then check your answer.
When you see a letter in math, do not be afraid. It is just a way to name a number we need to find or a number that can change.


  
  Put what you read to the test

  You've worked through Variables and Unknowns. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/531






  [image: 📝]   Lesson 50: Writing Algebraic Expressions

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/573




  Writing Algebraic Expressions means turning word phrases into math expressions that use numbers, operation signs, and sometimes a variable.


A variable is a letter that stands for an unknown number. For example, in the expression x+4, the letter x can be any number.


Learning to write algebraic expressions helps you describe patterns and relationships in a short, clear way. It is an important step from regular arithmetic into algebra.


Important: An expression does not have an equals sign. It shows a value. For example, n−2 is an expression.


An equation does have an equals sign. For example, n−2=5 is an equation.


When you write algebraic expressions, you listen for clue words that tell you which operation to use.



  	Addition: sum, plus, added to, more than, increased by

  	Subtraction: difference, minus, less than, decreased by, fewer than

  	Multiplication: product, times, multiplied by, groups of

  	Division: quotient, divided by, split into equal groups




Many algebraic expressions start with a variable because the number is unknown.


Here are some common phrase patterns:



  	a number plus 5 becomes n+5

  	7 less than a number becomes n−7

  	3 times a number becomes 3n

  	a number divided by 4 becomes n÷4




Be careful with word order. Some phrases do not go in the same order as the words.


For example, 5 more than a number means start with the number, then add 5:


n+5

But 5 less than a number means start with the number, then subtract 5:


n−5

The words more than and less than can make the order tricky, so read carefully.


Let us look at a simple step-by-step method.



  	Find the unknown number. Use a variable like n, x, or m.

  	Find the operation the words are describing.

  	Put the parts together in the correct order.

  	Check that there is no equals sign, because you are writing an expression.




Worked Example 1


Write an algebraic expression for: a number plus 8.


Step 1: The unknown number can be n.

Step 2: The words plus 8 tell us to add.

Step 3: Write the expression:


n+8

So, the algebraic expression is n+8.


Worked Example 2


Write an algebraic expression for: 6 times a number.


Step 1: Let the number be x.

Step 2: The words 6 times tell us to multiply.

Step 3: Write the expression:


6x

This means 6×x. In algebra, we usually write multiplication without the × sign when a number and a variable are together.


So, the algebraic expression is 6x.


Worked Example 3


Write an algebraic expression for: 4 less than a number.


This one is a little trickier because of the words less than.


Step 1: Let the number be y.

Step 2: 4 less than a number means subtract 4 from the number.

Step 3: Write the expression:


y−4

So, the algebraic expression is y−4.


Worked Example 4


Write an algebraic expression for: the quotient of a number and 3.


Step 1: Let the number be m.

Step 2: The word quotient tells us to divide.

Step 3: Write the expression:


m÷3

So, the algebraic expression is m÷3.


Here are some more phrase-to-expression matches to help you learn the pattern:



  	2 more than a number [image: →] n+2

  	9 minus a number [image: →] 9−n

  	a number decreased by 7 [image: →] n−7

  	the product of 5 and a number [image: →] 5n

  	a number divided by 2 [image: →] n÷2




Watch out for these common mistakes:



  	Mixing up the order in subtraction. 
For example, 3 less than a number is n−3, not 3−n.

  	Writing an equation instead of an expression. 
Do not add an equals sign unless the problem asks for an equation.

  	Forgetting the variable. 
If the number is unknown, use a letter to stand for it.




One good way to check your work is to replace the variable with a number and see if the words still make sense.


For example, for 5 less than a number, we wrote n−5. If n=12, then:


12−5=7

That makes sense because 7 is 5 less than 12.


Now let us review the big idea.


Words like sum, difference, product, and quotient tell you which operation to use. A variable stands for the unknown number. Then you put the pieces together to write the algebraic expression.


[image: 📋]   Summary


To write an algebraic expression, first choose a variable for the unknown number. Next, look for clue words that tell whether to add, subtract, multiply, or divide. Then write the expression in the correct order, remembering that an expression does not have an equals sign.


  
  Put what you read to the test

  You've worked through Writing Algebraic Expressions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/532






  [image: 📝]   Lesson 51: Evaluating Expressions

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/574




  Evaluating Expressions means finding the value of an expression when you know what number a variable stands for.


An expression is a math phrase with numbers, operation symbols, and sometimes a variable. A variable is a letter that stands for a number.


For example, in the expression x+4, the letter x is the variable. If x=3, then we can replace x with 3 and find the value.


This is called substituting. Substituting means putting the given number in place of the variable.


Here is the big idea:



  	Find the variable.

  	Replace it with the number you are given.

  	Do the math carefully.




When evaluating expressions, it helps to follow the order the expression shows. Parentheses can help you keep track of what to replace.


For example, if a=5, then:


a+2=5+2=7

The value of the expression is 7.


Let’s look at the steps more closely.



  	Read the expression. Notice the variable and the operation.

  	Substitute. Replace the variable with its value.

  	Evaluate. Solve the number sentence.




Sometimes the variable appears more than once. If that happens, replace every copy of the variable with the same number.


For example, if n=4, then in the expression n+n, both variables become 4:


n+n=4+4=8

Now let’s work through some examples.


Example 1: One-step addition


Evaluate m+6 when m=2.


Step 1: Substitute 2 for m.


m+6=2+6

Step 2: Add.


2+6=8

Answer: The value of the expression is 8.


Example 2: Multiplication


Evaluate 3x when x=5.


In math, 3x means 3×x.


Step 1: Substitute 5 for x.


3x=3×5

Step 2: Multiply.


3×5=15

Answer: The value of the expression is 15.


Example 3: Variable used more than once


Evaluate y+2y when y=4.


Step 1: Replace each y with 4.


y+2y=4+2×4

Step 2: Multiply first, then add.


4+2×4=4+8=12

Answer: The value of the expression is 12.


Example 4: Expression with parentheses


Evaluate 2(b+3) when b=1.


Step 1: Substitute 1 for b.


2(b+3)=2(1+3)

Step 2: Solve inside the parentheses first.


2(1+3)=2(4)

Step 3: Multiply.


2×4=8

Answer: The value of the expression is 8.


Here are some helpful reminders.



  	A variable is just a placeholder. It stands for a number.

  	Substitute carefully. Make sure you replace every variable.

  	Watch the operation signs. Add, subtract, multiply, or divide correctly.

  	Use parentheses if needed. They help show the substitution clearly.




Students sometimes make a few common mistakes when evaluating expressions.



  	Mistake 1: Replacing only one variable when the same variable appears more than once.

  	Mistake 2: Forgetting that a number next to a variable means multiplication. For example, 4n means 4×n.

  	Mistake 3: Doing operations in the wrong order, especially when parentheses are used.




Let’s fix a common mistake together.


Suppose you evaluate 2k+1 when k=3.


A wrong way would be to think 2k means 23. That is not correct.


The correct way is:


2k+1=2×3+1=6+1=7

So the value is 7.


You can think of evaluating expressions like filling in a missing part of a recipe. The variable tells you where to put the number, and then you do the math.


Try these on your own:



  	Evaluate p+9 when p=1.

  	Evaluate 4r when r=2.

  	Evaluate c+c+5 when c=3.

  	Evaluate 3(d−1) when d=6.




Answers:



  	p+9=1+9=10

  	4r=4×2=8

  	c+c+5=3+3+5=11

  	3(d−1)=3(6−1)=3(5)=15




[image: 📋]   Summary


To evaluate an expression, replace the variable with the given number and then solve. Always substitute for every variable, and do the operations carefully. With practice, evaluating expressions becomes quick and easy.


  
  Put what you read to the test

  You've worked through Evaluating Expressions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/533






  [image: 📝]   Lesson 52: Balancing Equations

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/575




  Balancing Equations means keeping both sides of an equation equal. Think of the equal sign, �=, like the middle of a balance scale. Whatever is on the left side must have the same value as whatever is on the right side.


Many students first see the equal sign as meaning “the answer is.” But in algebraic thinking, the equal sign really means “is the same as”. That means both sides must match.


For example, in the equation 7+3=10, the left side has a value of 10, and the right side also has a value of 10. The equation is balanced.


In this lesson, you will learn how to check whether an equation is balanced and how to find a missing number that makes an equation true.


1. The equal sign means both sides are the same


An equation has two sides:


  	the left side

  	the right side




If both sides have the same value, the equation is balanced.


Here are some balanced equations:


  	4+5=9

  	12=7+5

  	3+6=4+5




Notice that the answer does not always have to be on the right side. The equal sign only tells us that the two sides are equal.


2. Think of a balance scale


Imagine a balance scale at a playground or science center. If both sides have the same weight, the scale stays level. If one side is heavier, the scale tips.


Equations work the same way. If both sides have the same value, they balance. If not, they are not true equations.


For example:

8+2=6+4


Left side: 8+2=10

Right side: 6+4=10

Both sides are 10, so the equation is balanced.


Now look at this one:

8+2=9+4


Left side: 8+2=10

Right side: 9+4=13

Since 10 is not the same as 13, the equation is not balanced.


3. A missing number can make an equation balanced


Sometimes one number is missing. Your job is to find the number that makes both sides equal.


Example:

5+□=12


Ask yourself: What number added to 5 equals 12?

Since 5+7=12, the missing number is 7.


So the balanced equation is:

5+7=12


You can also have a missing number on the other side.

Example: 14=9+□


Ask: What number added to 9 equals 14?

The answer is 5, because 9+5=14.


4. You can compare both sides step by step


When an equation has numbers on both sides, solve each side first. Then compare the two values.


For example:

15−6=4+5


Left side: 15−6=9

Right side: 4+5=9

Both sides are 9, so the equation is balanced.


This is a good habit:


  	Solve the left side.

  	Solve the right side.

  	Check whether they are equal.




5. What happens when a number is missing on one side?


Sometimes you will see equations like this:

10+□=6+8


First solve the side you can solve easily:

6+8=14


Now the equation is:

10+□=14


What number makes 10 become 14? The answer is 4.


So:

10+4=6+8


6. Balanced equations can use addition or subtraction


You can balance equations with addition, subtraction, or a mix of both.



  	7+2=9

  	13−4=9

  	7+2=13−4




All of these are balanced because each side equals 9.


Worked Example 1

Is 6+3=10−1 balanced?


Step 1: Solve the left side.

6+3=9


Step 2: Solve the right side.

10−1=9


Step 3: Compare.

Both sides equal 9, so yes, the equation is balanced.


Worked Example 2

Find the missing number: □+4=11


Step 1: Ask what number plus 4 equals 11.

7+4=11


Step 2: Check.

Left side: 7+4=11

Right side: 11


The missing number is 7.


Worked Example 3

Find the missing number: 18−□=12


Step 1: Ask what number must be subtracted from 18 to get 12.

Since 18−6=12, the missing number is 6.


Step 2: Check.

Left side: 18−6=12

Right side: 12


The equation is balanced when the missing number is 6.


Worked Example 4

Find the missing number: 9+□=5+8


Step 1: Solve the right side.

5+8=13


Now we have:

9+□=13


Step 2: Find the missing number.

9+4=13


Step 3: Check both sides.

Left side: 9+4=13

Right side: 5+8=13


So the missing number is 4.


Tips for balancing equations


  	Remember that �= means “the same as.”

  	Look at both sides of the equation.

  	Solve each side carefully.

  	If there is a missing number, ask what makes both sides equal.

  	Always check your answer at the end.




Common mistake to avoid


A common mistake is thinking the equal sign means “put the answer next.” For example, a student might think only equations like 3+4=7 are correct.


But equations like 7=3+4 and 2+5=6+1 are also correct, because both sides have the same value.


Quick check


  	Is 4+6=3+7 balanced? Yes, both sides equal 10.

  	What makes 11=8+□ true? The missing number is 3.

  	Is 14−5=6+2 balanced? No, because 9 is not the same as 8.




[image: 📋]   Summary


Balancing equations means making sure both sides of the equal sign have the same value. The equal sign means “is the same as”, not just “here comes the answer.”


To solve balancing equations, find the value on each side and compare them. If a number is missing, choose the number that makes both sides equal. When both sides match, the equation is balanced.


  
  Put what you read to the test

  You've worked through Balancing Equations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/534






  [image: 📝]   Lesson 53: Solving One-Step Equations

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/576




  Solving One-Step Equations


Sometimes in math, we do not know a number yet. We can use a variable to stand for that unknown number. A variable is often a letter, like x or n.


An equation is a math sentence with an equals sign. It shows that two amounts are the same. For example, x+4=9 is an equation.


When we solve an equation, we figure out the value of the variable that makes the equation true.


A one-step equation can be solved with just one operation. We use the opposite operation, called an inverse operation, to find the missing value.


Think of an equation like a balanced scale. Whatever you do to one side, you must do to the other side to keep it balanced.


The four main inverse operations are:


  	Addition and subtraction are opposites.

  	Multiplication and division are opposites.




Here is a helpful guide:


  	If the variable has a number being added, subtract.

  	If the variable has a number being subtracted, add.

  	If the variable is being multiplied by a number, divide.

  	If the variable is being divided by a number, multiply.




Goal: Get the variable by itself on one side of the equation.


Let’s look at each type.


1. Solving with addition

If a number is added to the variable, subtract that number from both sides.


Worked Example 1

Solve x+5=12.

The variable has 5 added to it. Use the opposite operation: subtract 5.

x+5=12
x+5−5=12−5
x=7
Check: Put 7 back into the equation.

7+5=12
This is true, so x=7.


2. Solving with subtraction

If a number is subtracted from the variable, add that number to both sides.


Worked Example 2

Solve m−3=10.

The variable has 3 subtracted from it. Use the opposite operation: add 3.

m−3=10
m−3+3=10+3
m=13
Check:

13−3=10
This is true, so m=13.


3. Solving with multiplication

If the variable is multiplied by a number, divide both sides by that number.


Worked Example 3

Solve 4n=20.

The variable is multiplied by 4. Use the opposite operation: divide by 4.

4n=20
4n4=204
n=5
Check:

4×5=20
This is true, so n=5.


4. Solving with division

If the variable is divided by a number, multiply both sides by that number.


Worked Example 4

Solve y6=3.

The variable is divided by 6. Use the opposite operation: multiply by 6.

y6=3
y6×6=3×6
y=18
Check:

186=3
This is true, so y=18.


How to solve a one-step equation


  	Look at the operation with the variable.

  	Choose the inverse operation.

  	Do that operation to both sides of the equation.

  	Write the answer.

  	Check by plugging the answer back in.




Example of thinking:


  	In a+8=15, 8 is added, so subtract 8.

  	In b−9=2, 9 is subtracted, so add 9.

  	In 3c=21, c is multiplied by 3, so divide by 3.

  	In d4=7, d is divided by 4, so multiply by 4.




Common mistakes to avoid


  	Only changing one side: Always do the same thing to both sides.

  	Using the wrong opposite operation: Check whether you should add, subtract, multiply, or divide.

  	Forgetting to check: Put your answer back into the original equation to see if it works.




Quick Practice


  	p+6=14

  	q−7=5

  	5r=35

  	s8=4




Answers


  	p=8

  	q=12

  	r=7

  	s=32




[image: 📋]   Summary

To solve a one-step equation, get the variable alone by using the opposite operation. Remember to do the same thing to both sides so the equation stays balanced. Then check your answer to make sure it makes the equation true.


  
  Put what you read to the test

  You've worked through Solving One-Step Equations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/535






  [image: 📝]   Lesson 54: Inequalities on a Number Line

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/577




  Inequalities on a Number Line


Sometimes in math, we do not want just one answer. We want to show that a number can be part of a range of answers. That is what an inequality does.


An inequality compares two amounts and shows that they are not always equal. It can tell us that a number is greater than, less than, greater than or equal to, or less than or equal to another number.


We often use a letter, like x, to stand for an unknown number. Then we use an inequality symbol to show what values x can be.


Inequality symbols


  	> means greater than

  	< means less than

  	≥ means greater than or equal to

  	≤ means less than or equal to




For example:


  	x>3 means x is any number greater than 3

  	x<8 means x is any number less than 8

  	x≥5 means x is 5 or any number greater than 5

  	x≤2 means x is 2 or any number less than 2




How to show inequalities on a number line


A number line helps us see all the possible values of a variable. When we graph an inequality, we usually use:


  	An open circle when the endpoint is not included

  	A closed circle when the endpoint is included

  	A shaded line or arrow to show all the values that work




Open circle

Use an open circle for > or <. This means the number at that point is not part of the answer.


Example: For x>4, place an open circle at 4. Then shade to the right, because numbers greater than 4 are to the right on the number line.


Closed circle

Use a closed circle for ≥ or ≤. This means the number at that point is part of the answer.


Example: For x≤6, place a closed circle at 6. Then shade to the left, because numbers less than 6 are to the left on the number line. Since it says or equal to, 6 is included.


Direction on the number line


  	If the inequality says greater than, shade right

  	If the inequality says less than, shade left




You can remember this because numbers get bigger as you move right and smaller as you move left.


Quick guide


  	x>a: open circle at a, shade right

  	x<a: open circle at a, shade left

  	x≥a: closed circle at a, shade right

  	x≤a: closed circle at a, shade left




Worked Example 1

Graph x>2 on a number line.


  	Find the endpoint: 2

  	The symbol is >, so use an open circle at 2

  	x is greater than 2, so shade to the right




This means 3, 4, 5, and many more numbers would work. But 2 would not work, because the circle is open.


Worked Example 2

Graph x≤7 on a number line.


  	Find the endpoint: 7

  	The symbol is ≤, so use a closed circle at 7

  	x is less than 7, so shade to the left




This means 7, 6, 5, 4, and smaller numbers all work. Since the circle is closed, 7 is included.


Worked Example 3

Write an inequality for this situation: A student can read for at least 20 minutes.


The words at least mean the number can be 20 or more than 20.


If we use m for minutes, the inequality is:

m≥20


To graph it:


  	Put a closed circle at 20

  	Shade to the right, because the time can be greater than 20




Worked Example 4

Look at this inequality: x<5.

Which of these numbers make the inequality true?

3,5,8,4



  	Check 3: 3<5 is true

  	Check 5: 5<5 is false because 5 is equal to 5, not less than 5

  	Check 8: 8<5 is false

  	Check 4: 4<5 is true




So the numbers that work are 3 and 4.


Reading word clues

Some words in math problems can help you choose the correct inequality symbol.


  	greater than means >

  	less than means <

  	at least means ≥

  	no more than means ≤

  	or equal to means the endpoint is included, so use a closed circle




Common mistakes to avoid


  	Do not use a closed circle for > or <

  	Do not use an open circle for ≥ or ≤

  	Do not shade the wrong direction

  	Remember that x>4 does not include 4, but x≥4 does include 4




Let’s compare two inequalities


  	x>6: open circle at 6, shade right

  	x≥6: closed circle at 6, shade right




These look almost the same, but there is one important difference: the second one includes 6.


How to think about it

Ask yourself two questions:


  	Is the endpoint included or not?

  	Should I shade left or right?




If the endpoint is included, use a closed circle. If it is not included, use an open circle. Then use the inequality symbol to decide the direction.


[image: 📋]   Summary

An inequality shows a range of possible values. On a number line, use an open circle for > or <, and use a closed circle for ≥ or ≤. Shade to the right for greater than and to the left for less than. With these steps, you can read, write, and graph inequalities clearly.


  
  Put what you read to the test

  You've worked through Inequalities on a Number Line. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/536






  [image: 📝]   Lesson 55: Order of Operations Introduction

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/312




  Order of Operations Introduction
Sometimes a math problem has more than one thing to do. You might need to add and subtract, or solve something inside parentheses first. Order of operations means doing the steps in the correct order.
This is important because if we do the steps in a different order, we can get the wrong answer.
For 3rd Grade, the most important rule to remember is this:
	Do what is inside parentheses first.
	Then solve the rest from left to right.

Parentheses look like this: \,(
\)
They tell us, “Do this part first!”
Look at these two problems:
2+3+4
and
2+(3+4)
In the second problem, the parentheses tell us to add 3 and 4 first.
Let’s solve both:
	Without parentheses: 2+3=5, then 5+4=9
	With parentheses: 3+4=7, then 2+7=9

These happen to have the same answer, but the order is different.
Now look at a subtraction example:
10−3−2
and
10−(3−2)
These will not have the same answer, so following the order is very important.
How to solve expressions with parentheses
	Look for parentheses.
	Solve what is inside the parentheses first.
	Then finish the problem from left to right.

Worked Example 1
Solve:
5+(2+1)
Step 1: Solve inside the parentheses.
2+1=3
Step 2: Replace the parentheses part with 3.
5+3
Step 3: Add.
5+3=8
Answer: 8
Worked Example 2
Solve:
12−(4+3)
Step 1: Solve inside the parentheses.
4+3=7
Step 2: Replace the parentheses part with 7.
12−7
Step 3: Subtract.
12−7=5
Answer: 5
Worked Example 3
Solve:
15−(6−2)
Step 1: Solve inside the parentheses.
6−2=4
Step 2: Replace the parentheses part with 4.
15−4
Step 3: Subtract.
15−4=11
Answer: 11
Worked Example 4
Solve:
8+(5−3)+2
Step 1: Solve inside the parentheses.
5−3=2
Step 2: Replace the parentheses part with 2.
8+2+2
Step 3: Solve from left to right.
First:
8+2=10
Then:
10+2=12
Answer: 12
Why parentheses matter
Parentheses can change the answer. They tell us which numbers belong together first.
Compare these:
14−6+1
From left to right:
14−6=8
8+1=9
Answer: 9
Now compare with:
14−(6+1)
Do parentheses first:
6+1=7
Then:
14−7=7
Answer: 7
The answers are different, so the parentheses changed what we do first.
Tips to remember
	Look carefully before you start solving.
	If you see parentheses, do that part first.
	After that, move from left to right.
	Check your work to make sure you followed the order.

Brief Summary
Order of operations helps us solve math problems the right way. In 3rd Grade, remember: parentheses first, then solve from left to right. Parentheses are important because they can change the answer.


  
  Put what you read to the test

  You've worked through Order of Operations Introduction. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/264






  [image: 📝]   Lesson 56: Input-Output Functions

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/578




  Input-Output Functions help us see a rule that connects one number to another. You start with an input, follow a rule, and get an output.
You can think of this like a machine. A number goes in, the machine does something to it, and a new number comes out.
For example, if the rule is add 3, then an input of 4 gives an output of 7, because 4+3=7.
Learning input-output functions helps you notice patterns, describe rules, and predict missing numbers. These are important algebra skills.
Main Idea: In an input-output table, the same rule must work for every pair of numbers in the table.
	Input: the number you start with
	Rule: what you do to the input
	Output: the answer after using the rule

Here is a simple example of an input-output table:
InputOutput142536
If you look closely, each output is 3 more than the input. So the rule is add 3.
You can also write the rule with a letter. A letter can stand for any input number. For example, if we use n for the input, then the rule is:
n+3
This means: start with n, then add 3.
How to Find the Rule
	Look at one input and output pair.
	Ask: What happened to the input?
	Check the same idea with the other pairs.
	If the same rule works every time, you found the rule.

Many 5th grade input-output rules use simple operations like:
	add a number
	subtract a number
	multiply by a number
	sometimes two steps, like multiply and then add

Worked Example 1: Add a Number
Find the rule for this table:
InputOutput27510813
Look at the first pair: 2→7. The output is 5 more than the input.
Check the next pair: 5→10. That is also add 5.
Check the last pair: 8→13. That is also add 5.
So the rule is add 5.
Using a letter, the rule is:
n+5
Worked Example 2: Multiply
Find the rule for this table:
InputOutput312416624
Look at the first pair: 3→12. Since 3×4=12, the rule might be multiply by 4.
Check: 4×4=16 and 6×4=24.
The rule works for every pair, so the rule is multiply by 4.
Using a letter, the rule is:
4n
This means 4×n.
Worked Example 3: Two-Step Rule
Sometimes the rule has two steps. Look at this table:
InputOutput152739411
First, test simple ideas.
Is it add 4? That works for 1→5, but not for 2→7, because 2+4=6, not 7.
Is it multiply by 2? That gives 1×2=2, which is not 5.
Now try a two-step rule: multiply by 2, then add 3.
Check each pair:
	1×2+3=5
	2×2+3=7
	3×2+3=9
	4×2+3=11

The rule is multiply by 2, then add 3.
Using a letter, the rule is:
2n+3
Worked Example 4: Find a Missing Output
Use the table to find the missing output.
InputOutput293115157?
Look for the rule.
Try multiply by 2, then add 5.
	2×2+5=9
	3×2+5=11
	5×2+5=15

The rule is 2n+5.
Now use input 7:
7×2+5=14+5=19
So the missing output is 19.
How to Check Your Thinking
	Make sure the same rule works for every row.
	Do not guess from only one row.
	If one-step rules do not work, try a two-step rule.
	Use the rule on a new input to see if it makes sense.

Helpful Tips
	If the output is always a little more or less than the input, the rule may be adding or subtracting.
	If the output grows much faster, the rule may be multiplying.
	If neither one-step idea works, the rule may have two steps.

Try These On Your Own
1. Find the rule:
InputOutput162738
2. Find the rule:
InputOutput28312520
3. Find the missing output:
InputOutput1426386?
4. Find the missing input:
InputOutput17210?16
Answers
1. Add 5, or n+5
2. Multiply by 4, or 4n
3. The rule is 2n+2, so the missing output is 14
4. The rule is 3n+4. Solve 3n+4=16. Then 3n=12, so n=4
[image: 📋]   Summary
An input-output function uses a rule to turn an input into an output. The most important thing is that the same rule must work every time.
You can find the rule by looking for patterns such as adding, subtracting, multiplying, or using two steps. Once you know the rule, you can find missing inputs, missing outputs, and explain the pattern clearly.


  
  Put what you read to the test

  You've worked through Input-Output Functions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/537






  [image: 📝]   Lesson 57: The Coordinate Plane

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/579




  The Coordinate Plane


The coordinate plane is a grid that helps us show the exact location of a point. It uses two number lines that cross each other.


One number line goes side to side. This is called the x-axis. The other number line goes up and down. This is called the y-axis.


The place where the two axes cross is called the origin. The origin has the coordinates (0,0).


We use the coordinate plane to name and graph points. A point is written as an ordered pair.


An ordered pair looks like this: (x,y).



	The first number tells how far to move on the x-axis.

	The second number tells how far to move on the y-axis.




Order matters. The point (3,2) is not the same as (2,3).


In 5th grade, we usually work in the first quadrant. That means both numbers are positive, so points are to the right of the origin and above the origin.


How to read and graph an ordered pair



	Start at the origin, (0,0).

	Look at the first number, the x-coordinate. Move right that many units.

	Look at the second number, the y-coordinate. Move up that many units.

	Mark the point.




You can remember it like this: Across first, then up.


Main ideas to remember



	x-axis: the horizontal number line

	y-axis: the vertical number line

	origin: where the axes meet, (0,0)

	ordered pair: a pair of numbers that names a point, (x,y)

	x-coordinate: the first number

	y-coordinate: the second number




Worked Example 1: Graphing a point


Graph the point (4,3).


Step 1: Start at the origin, (0,0).

Step 2: The first number is 4, so move 4 units to the right.

Step 3: The second number is 3, so move 3 units up.

Step 4: Place a dot. That dot is the point (4,3).


So, (4,3) means right 4, up 3.


Worked Example 2: Naming a point from a graph


A point is 2 units to the right of the origin and 5 units up. What is its ordered pair?


The x-coordinate is 2 because the point moved 2 units right.

The y-coordinate is 5 because the point moved 5 units up.

So the ordered pair is (2,5).


Worked Example 3: Comparing two ordered pairs


What is the difference between (1,6) and (6,1)?


For (1,6), move right 1 and up 6.

For (6,1), move right 6 and up 1.


These points are in different places because the numbers are in a different order.


This shows why the pair is called an ordered pair. The order of the numbers matters.


Worked Example 4: Finding points with the same x- or y-coordinate


Look at the points (3,2), (3,5), and (6,2).



	(3,2) and (3,5) have the same x-coordinate, which is 3.

	That means both points are lined up vertically.

	(3,2) and (6,2) have the same y-coordinate, which is 2.

	That means both points are lined up horizontally.




This is helpful when reading graphs and spotting patterns.


Tips for success



	Always start at the origin.

	Read the ordered pair from left to right: (x,y).

	Move across first for x.

	Move up for y.

	Check that you did not switch the numbers.




Common mistakes



	Mixing up x and y: Remember, x comes first.

	Starting in the wrong place: Always begin at (0,0).

	Reversing the numbers: (2,4) is not the same as (4,2).

	Counting incorrectly: Move carefully, one unit at a time.




Why the coordinate plane is useful


The coordinate plane helps us describe locations clearly. It can be used to show places on a map, points in a game, or data in math problems.


It also helps students begin to see patterns in numbers and shapes. This is an important part of algebraic thinking.


Quick practice to think about



	What point is right 5 and up 2? Answer: (5,2)

	What point is right 1 and up 7? Answer: (1,7)

	Which coordinate in (4,6) is the x-coordinate? Answer: 4

	Which coordinate in (4,6) is the y-coordinate? Answer: 6




[image: 📋]   Summary


The coordinate plane is made of two number lines: the x-axis and the y-axis. We use ordered pairs, written as (x,y), to name points on the plane.


To graph a point, start at the origin, move across for x, and then move up for y. If you remember across first, then up, you will be able to read and graph points correctly.


  
  Put what you read to the test

  You've worked through The Coordinate Plane. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/538






  [image: 📝]   Lesson 58: Graphing Linear Relationships

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/580




  Graphing Linear Relationships


Sometimes in math, one number changes and another number changes with it. When we match an input to an output, we can put the pairs in a table and then graph them on a coordinate plane.


When the pattern changes in a steady way, it is called a linear relationship. In 5th grade, you can think of this as a pattern that makes points line up in a straight path on a graph.


In this lesson, you will learn how to:


  	read input-output tables,

  	write ordered pairs,

  	plot points on a coordinate plane,

  	notice when points make a straight-line pattern.




1. Input and output


An input is the number you start with. An output is the number you get after following a rule.


For example, if the rule is add 2, then:


  	input 1 gives output 3,

  	input 2 gives output 4,

  	input 3 gives output 5.




We can show this in a table.


Example table for the rule add 2:


InputOutput13243546



2. Ordered pairs


Each input-output pair can be written as an ordered pair. An ordered pair looks like (x,y).


In 5th grade, you can think of:


  	the first number as the input,

  	the second number as the output.




From the table above, the ordered pairs are:


  	(1,3)

  	(2,4)

  	(3,5)

  	(4,6)




Important: Order matters. The pair (2,5) is not the same as (5,2).


3. The coordinate plane


A coordinate plane is a graph with two number lines:


  	the horizontal line,

  	the vertical line.




The point where they cross is called the origin. The origin is (0,0).


To graph an ordered pair (x,y):


  	Start at the origin.

  	Move along the horizontal line to the first number.

  	Then move up to the second number.

  	Place a point.




So to graph (3,5):


  	start at (0,0),

  	move right 3,

  	move up 5,

  	mark the point.




4. What makes a relationship linear?


A relationship is linear when the output changes by the same amount each time the input changes by 1.


For example, look at this table:


InputOutput12243648



The outputs go up by 2 each time:


  	from 2 to 4 is +2,

  	from 4 to 6 is +2,

  	from 6 to 8 is +2.




Because the change is steady, the points make a straight-line pattern when graphed.


5. How to graph a linear relationship from a table


Use these steps:


  	Read the input and output values.

  	Write each row as an ordered pair.

  	Plot each ordered pair on the coordinate plane.

  	Look at the pattern of points.

  	If the points line up in a straight path, the relationship is linear.




Worked Example 1: A simple add pattern


The rule is: output = input + 1.


Table:


InputOutput01122334



Step 1: Write the ordered pairs.


  	(0,1)

  	(1,2)

  	(2,3)

  	(3,4)




Step 2: Plot the points.

Graph each pair by moving to the input first and the output second.


Step 3: Look for the pattern.

The points follow a straight path upward. This is a linear relationship.


Worked Example 2: Multiplying by 2


The rule is: output = 2 \times input.


Table:


InputOutput12243648



Step 1: Write the ordered pairs.


  	(1,2)

  	(2,4)

  	(3,6)

  	(4,8)




Step 2: Plot the points.

Place all four points on the graph.


Step 3: Check the outputs.

The outputs increase by 2 each time the inputs increase by 1.


Step 4: Decide if it is linear.

Yes. The change is steady, so the points make a straight-line pattern.


Worked Example 3: Starting at a number other than 0


The rule is: output = input + 4.


Table:


InputOutput15263748



Step 1: Write the ordered pairs.


  	(1,5)

  	(2,6)

  	(3,7)

  	(4,8)




Step 2: Plot the points.

Graph each point carefully.


Step 3: Notice the pattern.

The outputs go up by 1 each time:


  	5 to 6 is +1,

  	6 to 7 is +1,

  	7 to 8 is +1.




Because the change is the same each time, the relationship is linear.


Worked Example 4: Is this linear?


Look at this table:


InputOutput13253749



Step 1: Check how the outputs change.


  	3 to 5 is +2,

  	5 to 7 is +2,

  	7 to 9 is +2.




Step 2: Write the ordered pairs.


  	(1,3)

  	(2,5)

  	(3,7)

  	(4,9)




Step 3: Graph them.

The points line up in a straight path, so this is also a linear relationship.


6. Tips for avoiding mistakes


  	Do not switch the numbers in an ordered pair. (2,5) and (5,2) are different points.

  	Start at the origin each time you plot a new point.

  	Use the input first and the output second.

  	Check the pattern in the outputs. If the change is the same each time, it is a good sign the graph is linear.

  	Plot carefully so your points land on the correct grid intersections.




7. What to look for on the graph


When you graph a linear relationship, the points show a steady pattern. They may go upward as you move right. They may also form a straight path in another direction. The important idea is that the pattern is straight and steady.


You do not need to know every rule right away. If you can read the table, write ordered pairs, and graph the points correctly, you can understand the relationship.


Quick practice ideas


  	Make a table where the rule is add 3.

  	Write the ordered pairs from the table.

  	Plot the points.

  	Ask: Do the points make a straight-line pattern?




[image: 📋]   Summary


Graphing linear relationships means taking input-output pairs from a table and plotting them on a coordinate plane. First, write each row as an ordered pair (input,output). Then graph the points. If the outputs change by the same amount each time and the points line up in a straight path, the relationship is linear.


  
  Put what you read to the test

  You've worked through Graphing Linear Relationships. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/539






  
    
  [image: 📖]   Chapter 8

  Ratios, Rates, and Proportional Reasoning



  [image: 📝]   Lesson 59: Defining Ratios
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  Defining Ratios


A ratio is a way to compare two amounts. Ratios help us describe how much of one thing there is compared to another thing.


For example, if there are 2 apples and 3 bananas, we can compare apples to bananas with the ratio 2:3. This means 2 apples for every 3 bananas.


Ratios are useful in real life. We use them when we compare ingredients in recipes, colors in art, players on teams, and many other situations.


When we write a ratio, the order matters. The ratio apples to bananas is not the same as bananas to apples.


For example:



  	Apples to bananas: 2:3

  	Bananas to apples: 3:2




Both ratios compare the same two groups, but they answer different questions.


Ratios can be written in different ways:



  	Using a colon: 2:3

  	Using the word to: 2 to 3

  	As a fraction: 23




These are all ways to show the same comparison.


A ratio compares two distinct quantities. That means the two things are different kinds of things, like red marbles and blue marbles, or boys and girls.


Let’s look at the parts of a ratio more closely:



  	Decide what two quantities you are comparing.

  	Choose the correct order.

  	Write the ratio to match the words in the question.




For example, if a class has 4 boys and 6 girls:



  	Boys to girls is 4:6

  	Girls to boys is 6:4




If the question asks for boys to girls, you must write 4:6, not 6:4.


Sometimes a ratio compares a part to another part. For example, red cubes to blue cubes.


Sometimes a ratio compares a part to the whole group. For example, red cubes to all cubes.


Suppose there are 3 red cubes and 5 blue cubes. Then there are 3+5=8 cubes in all.



  	Red to blue: 3:5

  	Red to all cubes: 3:8

  	Blue to all cubes: 5:8




Be careful: part-to-part ratios and part-to-whole ratios are not the same.


Worked Example 1


A basket has 5 oranges and 2 pears. Write the ratio of oranges to pears.


Step 1: Find the two quantities: oranges and pears.

Step 2: Put them in the correct order: oranges first, pears second.

Step 3: Write the ratio: 5:2.


Answer: The ratio of oranges to pears is 5:2.


Worked Example 2


There are 7 red balloons and 4 yellow balloons. Write:


  	the ratio of red balloons to yellow balloons

  	the ratio of yellow balloons to red balloons




Step 1: Count each group.


  	Red balloons = 7

  	Yellow balloons = 4




Step 2: Match the order to the words.


  	Red to yellow = 7:4

  	Yellow to red = 4:7




Answer:


  	Red to yellow: 7:4

  	Yellow to red: 4:7




Worked Example 3


A toy box has 6 toy cars and 3 dolls. Write the ratio of dolls to all toys.


Step 1: Find the number of dolls: 3.

Step 2: Find the total number of toys:


6+3=9

Step 3: Write dolls to all toys: 3:9.


Answer: The ratio of dolls to all toys is 3:9.


Worked Example 4


In an art set, there are 4 paintbrushes, 8 crayons, and 2 erasers. Write the ratio of crayons to paintbrushes.


Step 1: Find the two groups named in the question.


  	Crayons = 8

  	Paintbrushes = 4




Step 2: Write them in the correct order: crayons to paintbrushes.


So the ratio is 8:4.


Answer: The ratio of crayons to paintbrushes is 8:4.


Tips for Writing Ratios Correctly



  	Read carefully. The words tell you the order.

  	Compare only the quantities asked for.

  	Check whether it is part-to-part or part-to-whole.

  	Count the total if the question asks for a comparison to the whole.




Common Mistakes to Avoid



  	Reversing the order. For example, writing 3:5 instead of 5:3.

  	Using the whole group when the question asks for only two parts.

  	Forgetting to add the groups when comparing to the total.




Let’s Practice Thinking About Ratios


If a fish tank has 9 goldfish and 1 black fish:


  	Goldfish to black fish = 9:1

  	Black fish to goldfish = 1:9

  	Black fish to all fish = 1:10




Notice how each ratio tells something different about the same fish tank.


[image: 📋]   Summary


A ratio compares two amounts. You can write ratios using a colon, the word to, or as a fraction.


To define a ratio correctly, first decide which two quantities you are comparing. Then make sure you write them in the same order as the words in the question.


Also remember to check whether the ratio is comparing one part to another part or one part to the whole group. Careful reading and correct order will help you write ratios the right way every time.


  
  Put what you read to the test

  You've worked through Defining Ratios. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/540






  [image: 📝]   Lesson 60: Part-to-Part and Part-to-Whole Comparisons

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/582




  Part-to-Part and Part-to-Whole Comparisons


Sometimes in math, we compare two groups that belong to the same whole. Learning what kind of comparison we are making is very important.


There are two main ways to compare:


  	Part-to-part: comparing one part of a group to another part of the same group

  	Part-to-whole: comparing one part of a group to the entire group




For example, imagine a bowl with 3 red apples and 5 green apples. There are 8 apples in all.


  	The comparison of red apples to green apples is part-to-part: 3:5

  	The comparison of red apples to all apples is part-to-whole: 3:8

  	The comparison of green apples to all apples is also part-to-whole: 5:8




Notice the difference: in a part-to-part comparison, we compare two smaller groups. In a part-to-whole comparison, we compare one smaller group to the total number.


Step 1: Find the parts and the whole


To make the correct comparison, first ask:


  	What are the parts?

  	What is the whole?




The whole is the total of all the parts added together.


If a class has 12 girls and 8 boys, then:

12+8=20
So the whole class has 20 students.


Now we can make different comparisons:


  	Girls to boys: 12:8 [image: →] part-to-part

  	Girls to total students: 12:20 [image: →] part-to-whole

  	Boys to total students: 8:20 [image: →] part-to-whole




Step 2: Read the words carefully


Word problems often give clues about which comparison to use.



  	If the question says to, compared to, for every one group and another group, it is often part-to-part.

  	If the question says out of, of the total, of all, it is often part-to-whole.




Examples of question words:


  	Part-to-part: What is the ratio of cats to dogs?

  	Part-to-whole: What part of the pets are cats?




Step 3: Write the comparison in the correct order


Order matters in ratios.


If there are 4 blue marbles and 7 yellow marbles:


  	Blue to yellow is 4:7

  	Yellow to blue is 7:4




These are not the same. Always match the order in the question.


Worked Example 1


A basket has 6 oranges and 4 bananas.

What is the ratio of oranges to bananas? What is the ratio of bananas to all fruit?


Step A: Identify the parts.


  	Oranges = 6

  	Bananas = 4




Step B: Find the whole.

6+4=10

Step C: Answer each question.


  	Oranges to bananas: 6:4 [image: →] part-to-part

  	Bananas to all fruit: 4:10 [image: →] part-to-whole




Worked Example 2


In a jar, there are 9 red beads, 3 blue beads, and 6 white beads.

Find:


  	the ratio of red beads to blue beads

  	the ratio of white beads to all beads




Step A: List the parts.


  	Red = 9

  	Blue = 3

  	White = 6




Step B: Find the whole.

9+3+6=18

Step C: Make the comparisons.


  	Red to blue: 9:3 [image: →] part-to-part

  	White to all beads: 6:18 [image: →] part-to-whole




Worked Example 3


A school club has 7 fifth graders and 14 fourth graders.

Which ratio shows fifth graders compared to the whole club?


Step A: Find the whole club.

7+14=21

Step B: Compare fifth graders to the whole.

7:21

This is part-to-whole because 7 is one part, and 21 is the total.


If we compared fifth graders to fourth graders, it would be 7:14, which is part-to-part.


Worked Example 4


There are 5 chocolate cupcakes, 8 vanilla cupcakes, and 2 strawberry cupcakes.

Find:


  	the ratio of vanilla cupcakes to chocolate cupcakes

  	the ratio of strawberry cupcakes to all cupcakes




Step A: Identify the parts.


  	Chocolate = 5

  	Vanilla = 8

  	Strawberry = 2




Step B: Find the whole.

5+8+2=15

Step C: Write each ratio.


  	Vanilla to chocolate: 8:5 [image: →] part-to-part

  	Strawberry to all cupcakes: 2:15 [image: →] part-to-whole




How to tell the difference quickly



  	If you compare one group to another group, it is part-to-part.

  	If you compare one group to the total, it is part-to-whole.




You can ask yourself:


  	Am I comparing part to part?

  	Or am I comparing part to whole?




Common mistakes to avoid



  	Forgetting to find the whole
For part-to-whole comparisons, add all the parts first.

  	Using the wrong order
"Cats to dogs" is different from "dogs to cats." Read carefully.

  	Mixing up the comparison type
If the question asks for a part-to-whole ratio, do not compare two parts.




Try these thinking questions


Suppose a box has 11 pencils and 9 pens.


  	Pencils to pens = 11:9 [image: →] part-to-part

  	Pencils to all items = 11:20 [image: →] part-to-whole

  	Pens to all items = 9:20 [image: →] part-to-whole




See how the whole is found by adding:

11+9=20

[image: 📋]   Summary


A part-to-part comparison matches one part of a group with another part of the same group.


A part-to-whole comparison matches one part of a group with the total number in the group.


To solve these problems, follow these steps:


  	Identify each part.

  	Find the whole by adding the parts.

  	Read the question carefully.

  	Write the ratio in the correct order.




When you know whether the question is asking for part-to-part or part-to-whole, ratios become much easier to understand.


  
  Put what you read to the test

  You've worked through Part-to-Part and Part-to-Whole Comparisons. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/541






  [image: 📝]   Lesson 61: Equivalent Ratios and Ratio Tables

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/583




  Lesson: Equivalent Ratios and Ratio Tables


A ratio compares two amounts. It tells how much of one thing there is compared to another thing.


For example, if there are 2 red apples and 3 green apples, the ratio of red apples to green apples is 2 to 3. We can write it as 2:3.


In this lesson, you will learn how to find equivalent ratios and how to organize them in a ratio table.


What are equivalent ratios?


Equivalent ratios are ratios that compare amounts in the same way. Even if the numbers are different, the relationship stays the same.


For example, the ratio 1:2 is equivalent to 2:4 and 3:6. In each case, the second number is still twice the first number.


We can make equivalent ratios by doing the same operation to both parts of the ratio:



  	Multiply both numbers by the same number

  	Divide both numbers by the same number




For example:


2:5→4:10

Here, both parts were multiplied by 2.


2×2=45×2=10

So, 2:5 and 4:10 are equivalent ratios.


Important rule: You must multiply or divide both parts of the ratio by the same number. If you only change one part, the ratio is no longer equivalent.


How ratio tables help


A ratio table is a chart that shows pairs of numbers that have the same ratio. It helps you organize equivalent ratios neatly.


For the ratio 2:3, a ratio table could look like this:


First NumberSecond Number234669812

Each row shows an equivalent ratio. We made them by multiplying both numbers by 1, 2, 3, and 4.


How to build a ratio table



  	Start with the original ratio.

  	Choose a number to multiply by.

  	Multiply both parts of the ratio by that number.

  	Write the new pair in the table.




You can also divide both numbers by the same number when possible.


Worked Example 1: Making equivalent ratios


Find 3 equivalent ratios for 3:4.


Multiply both numbers by 2, 3, and 4.


3:4→6:8

3:4→9:12

3:4→12:16

So, 3 equivalent ratios are:



  	6:8

  	9:12

  	12:16




Worked Example 2: Filling in a ratio table


A recipe uses 2 cups of flour for every 1 cup of sugar. Complete the ratio table.


FlourSugar214?6?8?

We can see:



  	2 to 4 means multiply by 2, so 1 \times 2 = 2

  	2 to 6 means multiply by 3, so 1 \times 3 = 3

  	2 to 8 means multiply by 4, so 1 \times 4 = 4




The completed table is:


FlourSugar21426384

Worked Example 3: Finding a missing number


The ratio of blue marbles to yellow marbles is 5:2. If there are 15 blue marbles, how many yellow marbles are there?


We ask: 5 became 15 by multiplying by what number?


5×3=15

So we multiply the other part by 3 too:


2×3=6

So the equivalent ratio is:


15:6

There are 6 yellow marbles.


Worked Example 4: Using division in a ratio table


The ratio of boys to girls is 12:8. Find a smaller equivalent ratio.


Both 12 and 8 can be divided by 4.


12÷4=38÷4=2

So:


12:8=3:2

This means 12:8 and 3:2 are equivalent ratios.


How to check if two ratios are equivalent


You can check by seeing whether both parts are multiplied or divided by the same number.


Example: Are 4:7 and 8:14 equivalent?


Yes, because:


4×2=87×2=14

Example: Are 4:7 and 8:15 equivalent?


No, because although 4 was multiplied by 2 to get 8, 7 was not multiplied by 2 to get 15.


Tips to remember



  	A ratio compares two amounts.

  	Equivalent ratios show the same comparison.

  	Multiply or divide both parts by the same number.

  	Ratio tables help organize equivalent ratios.

  	If one part changes by a scale factor, the other part must change by the same scale factor.




Common mistake


A common mistake is changing only one number in the ratio.


For example, starting with 3:5 and changing it to 6:5 is not an equivalent ratio, because only the first number changed.


To make an equivalent ratio, both numbers must change in the same way:


3:5→6:10

Let’s review


Equivalent ratios are different number pairs that show the same comparison. You can make them by multiplying or dividing both numbers by the same number. A ratio table helps you list these pairs in an organized way and find missing values.


When you see a ratio problem, ask yourself:



  	What is the original ratio?

  	What number did one part get multiplied or divided by?

  	Did the other part change by the same number?




If the answer is yes, then the ratios are equivalent.


  
  Put what you read to the test

  You've worked through Equivalent Ratios and Ratio Tables. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/542






  [image: 📝]   Lesson 62: Tape Diagrams and Double Number Lines

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/584




  Lesson: Tape Diagrams and Double Number Lines


When two amounts are compared in a ratio, we can use pictures to help us think. Two very useful pictures are tape diagrams and double number lines.


These tools help us solve ratio and rate problems by showing how amounts grow, shrink, and match each other. They are especially helpful when a word problem feels hard to picture in your head.


In this lesson, you will learn what tape diagrams and double number lines are, how they are alike, how they are different, and how to use them to solve problems.


1. What is a ratio?


A ratio compares two amounts. For example, if a recipe uses 2 cups of juice and 3 cups of water, the ratio of juice to water is 2:3.


This means that for every 2 parts juice, there are 3 parts water.


2. What is a tape diagram?


A tape diagram is a bar model made of equal-sized parts. It helps show how quantities are related.


If the ratio of red marbles to blue marbles is 2:3, we can draw:


Red: [ ] [ ]

Blue: [ ] [ ] [ ]


The boxes are equal because each box stands for the same amount. Tape diagrams are great when a problem talks about parts of a whole or compares groups.


3. What is a double number line?


A double number line has two number lines stacked on top of each other. Matching numbers line up because they belong together in the same ratio.


For example, if 2 apples cost 6 dollars, a double number line can show:


Apples:   0 --- 2 --- 4 --- 6

Cost:     0 --- 6 --- 12 --- 18


This shows that when the number of apples doubles, the cost doubles too. Double number lines are very useful for scaling up, scaling down, and finding missing values.


4. How are these models helpful?


Both models help you see multiplicative relationships. That means you can tell how many times bigger or smaller one amount is compared to another.



  	Tape diagrams are helpful when you want to see equal parts.

  	Double number lines are helpful when you want to skip-count or scale to new values.




5. Steps for solving with a tape diagram



  	Read the ratio in the problem.

  	Draw bars with equal parts to match the ratio.

  	Label what each part means if you can.

  	Use multiplication or division to find unknown amounts.




6. Steps for solving with a double number line



  	Write the two related quantities on two number lines.

  	Place the known pair of values.

  	Multiply or divide to find other matching pairs.

  	Find the missing value that lines up with the amount in the problem.




Worked Example 1: Basic tape diagram


The ratio of cats to dogs at a pet show is 3:2. If there are 6 dogs, how many cats are there?


Step 1: Draw the ratio.


Cats: [ ] [ ] [ ]

Dogs: [ ] [ ]


Step 2: Use what you know.


2 parts = 6 dogs, so 1 part = 6÷2=3 dogs.


Step 3: Find the cats.


Cats have 3 parts, so:


3×3=9

Answer: There are 9 cats.


Worked Example 2: Tape diagram with a total


A class has boys and girls in the ratio 4:5. There are 27 students in all. How many are boys?


Step 1: Draw the parts.


Boys: [ ] [ ] [ ] [ ]

Girls: [ ] [ ] [ ] [ ] [ ]


Step 2: Count total parts.


There are:


4+5=9 parts

Step 3: Find the value of one part.


27÷9=3

So each part is worth 3 students.


Step 4: Find the number of boys.


4×3=12

Answer: There are 12 boys.


Worked Example 3: Basic double number line


Four notebooks cost 8 dollars. How much do 10 notebooks cost?


Step 1: Start with the known pair.


Notebooks: 0 --- 4

Cost:      0 --- 8


Step 2: Find the cost of 1 notebook.


8÷4=2

So 1 notebook costs 2 dollars.


Step 3: Scale to 10 notebooks.


10×2=20

On a double number line, you could show:


Notebooks: 0 --- 1 --- 4 --- 10

Cost:      0 --- 2 --- 8 --- 20


Answer: 10 notebooks cost 20 dollars.


Worked Example 4: Double number line with scaling


A car travels 60 miles in 2 hours. How far will it travel in 5 hours if it keeps the same speed?


Step 1: Put the known values on a double number line.


Hours: 0 --- 2

Miles: 0 --- 60


Step 2: Find 1 hour.


60÷2=30

So the car travels 30 miles in 1 hour.


Step 3: Find 5 hours.


5×30=150

Double number line:


Hours: 0 --- 1 --- 2 --- 5

Miles: 0 --- 30 --- 60 --- 150


Answer: The car will travel 150 miles in 5 hours.


7. How to choose the right model



  	Use a tape diagram when the problem is about parts, groups, or a total split into pieces.

  	Use a double number line when the problem is about a rate, repeated matching values, or scaling to a new amount.




8. Common mistakes to avoid



  	Do not make the parts different sizes in a tape diagram. Equal parts must look equal.

  	Do not add when the problem needs multiplying or dividing.

  	Make sure the numbers that line up on a double number line belong together.

  	Read the question carefully so you find the amount it asks for.




9. Quick check for yourself


Ask these questions:



  	What two things are being compared?

  	Do I know the ratio or rate?

  	Would a tape diagram or a double number line help more?

  	Did I multiply or divide correctly?

  	Does my answer make sense?




[image: 📋]   Summary


Tape diagrams and double number lines are tools that help you solve ratio problems with pictures. Tape diagrams show equal parts in groups, and double number lines show matching values that grow or shrink together.


When you use these models, you can see the math more clearly. That makes it easier to find missing values and solve word problems with confidence.


  
  Put what you read to the test

  You've worked through Tape Diagrams and Double Number Lines. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/543






  [image: 📝]   Lesson 63: Unit Rates

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/585




  Unit Rates help us compare two amounts by finding the value for 1 unit. A unit rate tells us how much of one thing goes with exactly one of another thing.
For example, if 3 apples cost $6, we can ask: How much does 1 apple cost? That is a unit rate. We are finding the cost per 1 apple.
Unit rates are very useful in everyday life. We use them to compare prices at stores, find speed, and understand how much something costs or how far something goes for 1 unit.
Examples of unit rates:
	dollars per item
	miles per hour
	words per minute
	ounces per bottle

The word per is a clue. It often means for each 1.
How to find a unit rate
	Write the rate as a comparison of two amounts.
	Decide which amount should become 1.
	Divide both parts by that number.
	Write your answer using the word per.

You can think of a unit rate as a ratio with a denominator of 1.
For example:
12 miles3 hours=4 miles1 hour
So the unit rate is 4 miles per hour.
Why unit rates matter
Sometimes two choices are hard to compare because the numbers are different. A unit rate makes the comparison fair by changing both choices to the amount for 1 unit.
If one pack has 8 pencils for $4 and another pack has 12 pencils for $6, it may not be easy to tell which is the better deal right away. But if we find the cost for 1 pencil, then we can compare them easily.
Worked Example 1: Cost per item
4 notebooks cost $8. Find the unit rate.
We want the cost for 1 notebook.
Divide the total cost by the number of notebooks:
8÷4=2
So:
$84 notebooks=$21 notebook
Answer: The unit rate is $2 per notebook.
Worked Example 2: Distance per hour
A car travels 15 miles in 3 hours. Find the unit rate.
We want the distance for 1 hour.
Divide the miles by the hours:
15÷3=5
So:
15 miles3 hours=5 miles1 hour
Answer: The unit rate is 5 miles per hour.
Worked Example 3: Comparing prices
Which is the better buy?
	Pack A: 6 juice boxes for $12
	Pack B: 10 juice boxes for $15

Find the cost per 1 juice box for each pack.
For Pack A:
12÷6=2
So Pack A costs $2 per juice box.
For Pack B:
15÷10=1.5
So Pack B costs $1.50 per juice box.
Now compare the unit rates:
	Pack A: $2 per juice box
	Pack B: $1.50 per juice box

Answer: Pack B is the better buy because each juice box costs less.
Worked Example 4: Words per minute
Lena reads 48 words in 6 minutes. Find the unit rate.
We want the number of words for 1 minute.
Divide:
48÷6=8
So:
48 words6 minutes=8 words1 minute
Answer: The unit rate is 8 words per minute.
Tips for solving unit rate problems
	Read carefully to see what should be compared to 1.
	Look for the word per.
	Divide the first amount by the second amount if you want the first amount per 1 of the second.
	Include the labels, like dollars per item or miles per hour.

Watch out for these mistakes
	Mixing up the order. For example, miles per hour is different from hours per mile.
	Forgetting what the 1 stands for. Always ask, “1 what?”
	Leaving off the units. Units help explain the answer.

Try thinking about it this way
If 5 markers cost $10, you can share the $10 equally among the 5 markers.
Each marker gets:
10÷5=2
So each marker costs $2. That means the unit rate is $2 per marker.
Quick practice questions
	9 oranges cost $18. What is the cost per orange?
	20 miles are traveled in 4 hours. What is the speed in miles per hour?
	12 pencils cost $6. What is the cost per pencil?

Answers
	18÷9=2 so the unit rate is $2 per orange.
	20÷4=5 so the unit rate is 5 miles per hour.
	6÷12=0.5 so the unit rate is $0.50 per pencil.

[image: 📋]   Summary
A unit rate is a rate that compares an amount to 1 unit. To find a unit rate, divide so that one part of the ratio becomes 1. Unit rates help us compare prices, speed, and other real-world situations in a simple and fair way.


  
  Put what you read to the test

  You've worked through Unit Rates. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/544






  
    
  [image: 📖]   Chapter 9

  Geometry and Spatial Reasoning



  [image: 📝]   Lesson 64: Geometric Foundations

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/587




  Geometric Foundations are the basic building blocks of geometry. When we study shapes, lines, and angles, we first need to understand a few important ideas: points, lines, line segments, rays, and angles.


In this lesson, you will learn how to identify these parts, tell them apart, and draw them correctly. These ideas help us describe shapes clearly and solve geometry problems with confidence.


1. Points


A point shows an exact location. A point has no length, no width, and no thickness. It is usually shown as a tiny dot.


We name points with capital letters, such as Point A, Point B, or Point C.


Example: If you put a dot on paper and label it A, that is Point A.


2. Lines


A line is straight and keeps going forever in both directions. Because it never ends, we show a line with arrows on both ends.


A line can be named by using two points on the line. For example, a line through points A and B is called line AB.


We can write it like this: AB↔.


Important: Since a line goes on forever, you cannot measure the whole length of a line.


3. Line Segments


A line segment is part of a line. It has two endpoints. Because it has endpoints, a line segment has a fixed length and can be measured.


A line segment with endpoints A and B is called segment AB.


We can write it like this: AB‾.


If segment AB is 5 units long, we can write:


AB‾=5


4. Rays


A ray starts at one endpoint and goes on forever in one direction. It is like a line that begins at a point and never stops.


A ray is named with two letters. The first letter is the endpoint. The second letter shows the direction.


For example, if a ray starts at A and goes through B, it is called ray AB.


We can write it like this: AB→.


5. Comparing Lines, Segments, and Rays



  	Line: goes forever in both directions

  	Line segment: has two endpoints

  	Ray: has one endpoint and goes forever in one direction




Thinking about endpoints can help you tell them apart.



  	0 endpoints means a line

  	2 endpoints means a line segment

  	1 endpoint means a ray




6. Angles


An angle is made by two rays that share the same endpoint. The shared endpoint is called the vertex.


Angles show how much one ray turns away from another ray.


For example, if two rays meet at point B, then B is the vertex of the angle.


An angle can be named with three letters. The middle letter is always the vertex. For example, ∠ABC has vertex B.


7. Types of Angles


In 5th grade, it is important to know these common angle types:



  	Right angle: exactly 90[image: °]

  	Acute angle: less than 90[image: °]

  	Obtuse angle: greater than 90[image: °] but less than 180[image: °]

  	Straight angle: exactly 180[image: °]




The symbol for degrees is [image: °]. It tells us the size of an angle.


Examples:



  	45[image: °] is an acute angle

  	90[image: °] is a right angle

  	120[image: °] is an obtuse angle

  	180[image: °] is a straight angle




8. How to Construct Basic Geometric Figures


To construct means to draw something carefully and correctly.


How to draw a point:


  	Make a small dot.

  	Label it with a capital letter.




How to draw a line segment:


  	Mark two points.

  	Use a ruler to connect them with a straight path.

  	Do not draw arrows.




How to draw a line:


  	Draw a straight path with a ruler.

  	Put arrows on both ends to show it continues forever.




How to draw a ray:


  	Mark one endpoint.

  	Draw a straight path starting there.

  	Put an arrow on the end that keeps going.




How to draw an angle:


  	Choose a vertex point.

  	Draw one ray from the vertex.

  	Draw a second ray from the same vertex in a different direction.




Worked Example 1: Naming a line segment


Suppose you see two points, A and B, connected by a straight path with no arrows.


Question: Is it a line, ray, or line segment? How is it named?


Step 1: Look for endpoints. There are two endpoints: A and B.


Step 2: A figure with two endpoints is a line segment.


Answer: It is segment AB, written as AB‾.


Worked Example 2: Naming a ray correctly


A ray starts at point C and passes through point D.


Question: What is the correct name of the ray?


Step 1: The endpoint must come first when naming a ray.


Step 2: The endpoint is C, and the ray goes through D.


Answer: The ray is CD→.


Important: DC→ would be a different ray because it would start at D.


Worked Example 3: Identifying an angle type


Suppose an angle measures 90[image: °].


Question: What type of angle is it?


Step 1: Remember the angle types.



  	Acute: less than 90[image: °]

  	Right: exactly 90[image: °]

  	Obtuse: greater than 90[image: °]




Step 2: Since the angle is exactly 90[image: °], it is a right angle.


Answer: Right angle.


Worked Example 4: Describing a figure


You draw point M. From M, one ray goes through N. Another ray goes through P. The two rays make an angle of 40[image: °].


Question: Name the angle and tell what kind of angle it is.


Step 1: The vertex is M because both rays start there.


Step 2: To name the angle with three letters, put the vertex in the middle.


One correct name is ∠NMP. Another correct name is ∠PMN.


Step 3: Since 40[image: °] is less than 90[image: °], the angle is acute.


Answer: The angle can be named ∠NMP, and it is an acute angle.


9. Common Mistakes to Watch For



  	Mixing up lines and line segments: A line has arrows on both ends. A line segment does not.

  	Naming a ray in the wrong order: The endpoint must be first.

  	Forgetting the vertex in an angle name: In ∠ABC, point B is the vertex because it is in the middle.

  	Confusing angle size with side length: The size of an angle depends on the opening, not on how long the rays look.




10. Quick Check



  	What figure has no endpoints and goes on forever in both directions?

  	What figure has exactly two endpoints?

  	What figure starts at one point and goes on forever in one direction?

  	If an angle measures 125[image: °], what type of angle is it?

  	In ∠XYZ, which point is the vertex?




Answers:



  	A line

  	A line segment

  	A ray

  	An obtuse angle

  	Point Y




[image: 📋]   Summary


Points, lines, line segments, rays, and angles are the basic parts of geometry. A point shows a location. A line goes on forever in both directions, a line segment has two endpoints, and a ray has one endpoint and goes on forever in one direction.


An angle is formed by two rays that share a vertex. By learning how to name and draw these figures, you build a strong foundation for studying shapes and geometry.


  
  Put what you read to the test

  You've worked through Geometric Foundations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/546






  [image: 📝]   Lesson 65: Angle Measurement and Classification

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/588




  Angle Measurement and Classification


Angles are everywhere. You can find them in the corners of a book, the hands of a clock, road signs, and scissors. In math, an angle is made when two rays or line segments meet at one point.


The point where they meet is called the vertex. We measure how much one side turns away from the other side. This amount of turn tells us how big the angle is.


Angles are measured in degrees. The degree symbol is written like this: [image: °]. A full turn all the way around is 360[image: °].


Why angle measurement matters


Knowing how to measure and name angles helps us describe shapes correctly. It also helps in building, drawing, map reading, and solving geometry problems.


Parts of an angle


  	Vertex: the point where the two sides meet

  	Sides: the two rays or line segments that form the angle

  	Interior: the space inside the angle




When we name an angle, we often look at its size in degrees. We can also name it by letters, but the most important skill here is measuring and classifying it.


Classifying angles by size


Angles can be sorted into groups based on their degree measure.



  	Acute angle: more than 0[image: °] and less than 90[image: °]

  	Right angle: exactly 90[image: °]

  	Obtuse angle: more than 90[image: °] and less than 180[image: °]

  	Straight angle: exactly 180[image: °]

  	Reflex angle: more than 180[image: °] and less than 360[image: °]




You can think of these in order from smallest to largest:


acute → right → obtuse → straight → reflex


Helpful angle facts


  	A right angle is like the corner of a square.

  	A straight angle looks like a straight line.

  	A reflex angle is a large angle that opens more than a straight angle.

  	An angle of 360[image: °] is one full turn, not a reflex angle.




Using a protractor to measure an angle


A protractor is a tool used to measure angles. Most protractors are shaped like a half-circle and have numbers from 0[image: °] to 180[image: °].


Follow these steps carefully:



  	Find the vertex of the angle.

  	Place the center mark of the protractor exactly on the vertex.

  	Line up one side of the angle with the 0[image: °] line on the protractor.

  	Look at where the other side crosses the numbered scale.

  	Read the correct number of degrees.




Important: Many protractors have two sets of numbers. One scale starts at 0[image: °] on the left, and the other starts at 0[image: °] on the right. Use the scale that begins on the same side as the angle side you lined up with 0[image: °].


How to avoid common mistakes


  	Do not place the edge of the protractor on the vertex. Place the center hole or center mark on the vertex.

  	Make sure one angle side is lined up exactly with 0[image: °].

  	Check that you are reading the correct scale.

  	Remember to classify the angle after measuring it.




Estimating before measuring


Before using a protractor, it helps to guess the angle type first.



  	If it looks smaller than a square corner, it is probably acute.

  	If it looks like a square corner, it is right.

  	If it looks bigger than a square corner but not a straight line, it is obtuse.

  	If it looks like a line, it is straight.

  	If it goes past a straight line, it is reflex.




Worked Example 1: Measuring an acute angle


A student places a protractor on an angle. One side is lined up with 0[image: °], and the other side crosses at 45[image: °].


Step 1: Write the measure: 45[image: °].

Step 2: Classify it. Since 45[image: °] is less than 90[image: °], it is an acute angle.


Answer: The angle measures 45[image: °] and is acute.


Worked Example 2: Measuring a right angle


An angle measures 90[image: °].


Step 1: Compare the measure to the angle groups.

Step 2: Since it is exactly 90[image: °], it is a right angle.


Answer: The angle is 90[image: °] and is a right angle.


Worked Example 3: Measuring an obtuse angle


A student measures an angle and gets 135[image: °].


Step 1: Write the measure: 135[image: °].

Step 2: Decide the type. It is more than 90[image: °] but less than 180[image: °].


That means it is an obtuse angle.


Answer: The angle measures 135[image: °] and is obtuse.


Worked Example 4: Finding a reflex angle


Suppose the smaller angle between two rays measures 110[image: °], but you are asked for the reflex angle.


A full turn is 360[image: °]. The reflex angle is the larger part around the outside.


So we subtract:


360[image: °]−110[image: °]=250[image: °]


Since 250[image: °] is more than 180[image: °] and less than 360[image: °], it is a reflex angle.


Answer: The reflex angle measures 250[image: °].


Comparing angle sizes


You can compare angles by comparing their degree measures.



  	If one angle is 30[image: °] and another is 70[image: °], then 70[image: °] is larger.

  	If one angle is 90[image: °] and another is 120[image: °], then 120[image: °] is larger.




The larger the degree number, the larger the angle opening.


Quick classification chart



  	25[image: °] → acute

  	90[image: °] → right

  	145[image: °] → obtuse

  	180[image: °] → straight

  	300[image: °] → reflex




Try thinking through these on your own


  	Is 60[image: °] acute, right, obtuse, straight, or reflex?

  	What type of angle is 180[image: °]?

  	If an angle is 210[image: °], what type is it?




Answers:


  	60[image: °] is acute.

  	180[image: °] is straight.

  	210[image: °] is reflex.




[image: 📋]   Summary


An angle is formed when two sides meet at a vertex. We measure angles in degrees using a protractor. After measuring, we classify the angle by its size: acute, right, obtuse, straight, or reflex.


If you remember the key benchmark angles 90[image: °], 180[image: °], and 360[image: °], it becomes much easier to name any angle correctly.


  
  Put what you read to the test

  You've worked through Angle Measurement and Classification. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/547






  [image: 📝]   Lesson 66: Classifying Triangles

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/589




  Classifying Triangles


Triangles are shapes with 3 sides, 3 angles, and 3 corners. Even though all triangles have these things, they are not all the same. We can classify, or sort, triangles in two different ways:



  	by their side lengths

  	by their angle sizes




A triangle can have one name from each group. For example, a triangle might be isosceles and acute, or scalene and right.


In this lesson, you will learn how to name triangles correctly by looking at their sides and angles.


1. Classifying Triangles by Side Lengths


When we classify by side lengths, we compare how long the sides are.



  	Equilateral triangle: all 3 sides are equal.

  	Isosceles triangle: exactly 2 sides are equal.

  	Scalene triangle: no sides are equal.




Here is a quick way to remember:


  	Equilateral = every side matches

  	Isosceles = two sides match

  	Scalene = no sides match




2. Classifying Triangles by Angles


Now let’s classify triangles by the sizes of their angles.



  	Acute triangle: all 3 angles are less than 90[image: °].

  	Right triangle: it has 1 right angle, which is exactly 90[image: °].

  	Obtuse triangle: it has 1 angle greater than 90[image: °].




A triangle cannot have more than one right angle or more than one obtuse angle. That is because the angles in a triangle always add up to:


180[image: °]


For example, if one angle is already greater than 90[image: °], the other two angles must be less than 90[image: °] so the total is still 180[image: °].


3. A Triangle Gets Two Names


Each triangle can be described in two ways:



  	one name for its sides

  	one name for its angles




So instead of giving just one name, we can give a full classification, such as:



  	equilateral acute

  	isosceles right

  	scalene obtuse




Important fact: Every equilateral triangle is also acute. If all 3 sides are equal, then all 3 angles are equal too. Since the angles in a triangle add to 180[image: °], each angle is:


180[image: °]÷3=60[image: °]


And 60[image: °] is less than 90[image: °], so an equilateral triangle is always acute.


4. How to Classify a Triangle


Use these steps:



  	Look at the sides.
Are all 3 equal, 2 equal, or none equal?

  	Look at the angles.
Are all less than 90[image: °], is one exactly 90[image: °], or is one greater than 90[image: °]?

  	Put the two names together.




Worked Example 1


A triangle has side lengths of 5 cm, 5 cm, and 5 cm.


Step 1: Classify by sides.

All 3 sides are equal, so it is an equilateral triangle.


Step 2: Classify by angles.

Every equilateral triangle is acute, so it is an acute triangle.


Answer: This triangle is equilateral and acute.


Worked Example 2


A triangle has angles 45[image: °], 45[image: °], and 90[image: °].


Step 1: Classify by angles.

One angle is exactly 90[image: °], so it is a right triangle.


Step 2: Classify by sides.

Two angles are equal: 45[image: °] and 45[image: °]. In this triangle, that means two sides are equal, so it is isosceles.


Answer: This triangle is isosceles and right.


Worked Example 3


A triangle has side lengths 4 in, 6 in, and 7 in. Its largest angle is 110[image: °].


Step 1: Classify by sides.

No side lengths are equal, so it is scalene.


Step 2: Classify by angles.

The largest angle is 110[image: °], and 110[image: °]>90[image: °], so it is obtuse.


Answer: This triangle is scalene and obtuse.


Worked Example 4


A triangle has side lengths 8 m, 8 m, and 5 m. Its angles are 70[image: °], 70[image: °], and 40[image: °].


Step 1: Classify by sides.

Two sides are equal, so it is isosceles.


Step 2: Classify by angles.

All three angles are less than 90[image: °], so it is acute.


Answer: This triangle is isosceles and acute.


5. Helpful Clues and Reminders



  	If all 3 sides match, the triangle is equilateral.

  	If 2 sides match, the triangle is isosceles.

  	If no sides match, the triangle is scalene.

  	If all angles are less than 90[image: °], the triangle is acute.

  	If one angle is exactly 90[image: °], the triangle is right.

  	If one angle is greater than 90[image: °], the triangle is obtuse.




6. Common Mistakes to Avoid



  	Do not use only one name.

  A triangle can usually be named by both sides and angles.

  	Do not say a triangle is both right and obtuse.

  A triangle can only be acute, right, or obtuse by angles.

  	Do not forget to compare all the sides.

  Check carefully whether 2 sides or 3 sides are equal.

  	Do not confuse side names and angle names.

  Equilateral, isosceles, scalene are about sides.

  Acute, right, obtuse are about angles.




7. Quick Practice to Think About


Try classifying these triangles on your own:



  	Sides: 3, 3, 3

  	Angles: 30[image: °], 60[image: °], 90[image: °]

  	Sides: 5, 6, 7; all angles are less than 90[image: °]

  	Sides: 9, 9, 4; one angle is 120[image: °]




You should get:


  	equilateral and acute

  	scalene and right

  	scalene and acute

  	isosceles and obtuse




[image: 📋]   Summary


Triangles can be classified by side lengths and by angles.


By sides, triangles are equilateral, isosceles, or scalene. By angles, triangles are acute, right, or obtuse.


To fully classify a triangle, give it two names: one for sides and one for angles. For example, a triangle can be isosceles right or scalene acute.


  
  Put what you read to the test

  You've worked through Classifying Triangles. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/548






  [image: 📝]   Lesson 67: Hierarchy of Quadrilaterals

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/338




  Hierarchy of Quadrilaterals


Today we will learn about quadrilaterals. A quadrilateral is a flat shape with 4 sides and 4 corners.


Some quadrilaterals belong to more than one group. That is called a hierarchy. A hierarchy is a way of showing how shapes are connected.


For example, a square is a very special quadrilateral. It can fit into several groups at the same time.


What to look for


  	Parallel sides: sides that stay the same distance apart and never meet.

  	Right angles: square corners. A right angle is like the corner of a piece of paper.

  	Equal sides: sides that have the same length.




Main quadrilateral groups


1. Quadrilateral

This is the big group. Every shape in this lesson has 4 sides, so every one is a quadrilateral.


2. Parallelogram

A parallelogram is a quadrilateral with 2 pairs of parallel sides.


  	The top and bottom sides are parallel.

  	The left and right sides are parallel.




3. Rectangle

A rectangle is a parallelogram with 4 right angles.

That means every rectangle is also a parallelogram and also a quadrilateral.


4. Rhombus

A rhombus is a parallelogram with 4 equal sides.

That means every rhombus is also a parallelogram and also a quadrilateral.


5. Square

A square has 4 equal sides and 4 right angles.

So a square is:


  	a quadrilateral because it has 4 sides,

  	a parallelogram because it has 2 pairs of parallel sides,

  	a rectangle because it has 4 right angles,

  	a rhombus because it has 4 equal sides.




This is the big idea of the lesson: a square belongs to several groups.


How the hierarchy works

We can think of the groups like nested boxes:


  	All squares are rectangles.

  	All squares are rhombuses.

  	All rectangles are parallelograms.

  	All rhombuses are parallelograms.

  	All parallelograms are quadrilaterals.




So we can write the idea like this:

Square  Rectangle  Parallelogram  Quadrilateral

and also

Square  Rhombus  Parallelogram  Quadrilateral


Important note

Not every rectangle is a square. A rectangle must have 4 right angles, but its sides do not all have to be equal.


Not every rhombus is a square. A rhombus must have 4 equal sides, but it does not have to have 4 right angles.


Questions to ask when you classify a quadrilateral


  	Does it have 4 sides?

  	Does it have 2 pairs of parallel sides?

  	Does it have 4 right angles?

  	Does it have 4 equal sides?




Your answers help you decide the most special name for the shape. They also help you see all the groups the shape belongs to.


Worked Example 1

A shape has 4 sides. Opposite sides are parallel. It does not have 4 right angles, and not all sides are equal.

Step 1: It has 4 sides, so it is a quadrilateral.

Step 2: It has 2 pairs of parallel sides, so it is a parallelogram.

Step 3: It does not have 4 right angles, so it is not a rectangle.

Step 4: Not all sides are equal, so it is not a rhombus.

Answer: The best name is parallelogram.


Worked Example 2

A shape has 4 sides, 2 pairs of parallel sides, and 4 right angles. Its longer sides are not the same as its shorter sides.

Step 1: It is a quadrilateral.

Step 2: With 2 pairs of parallel sides, it is a parallelogram.

Step 3: With 4 right angles, it is a rectangle.

Step 4: Not all 4 sides are equal, so it is not a square and not a rhombus.

Answer: The best name is rectangle.


Worked Example 3

A shape has 4 sides, and all 4 sides are equal. It also has 2 pairs of parallel sides. But its corners are not all right angles.

Step 1: It is a quadrilateral.

Step 2: It has 2 pairs of parallel sides, so it is a parallelogram.

Step 3: All 4 sides are equal, so it is a rhombus.

Step 4: Its corners are not all right angles, so it is not a square.

Answer: The best name is rhombus.


Worked Example 4

A shape has 4 equal sides and 4 right angles.

Step 1: It has 4 sides, so it is a quadrilateral.

Step 2: A shape with 4 equal sides and 4 right angles has 2 pairs of parallel sides, so it is a parallelogram.

Step 3: Because it has 4 right angles, it is a rectangle.

Step 4: Because it has 4 equal sides, it is a rhombus.

Answer: It is a square, and it is also a rectangle, rhombus, parallelogram, and quadrilateral.


Try to remember


  	Every square is a rectangle.

  	Every square is a rhombus.

  	Every square is a parallelogram.

  	Every rectangle is a quadrilateral.

  	Every rhombus is a quadrilateral.




Quick check


  	If a shape has 4 right angles, could it be a rectangle? Yes.

  	If a shape has 4 equal sides, could it be a rhombus? Yes.

  	If a shape has 4 equal sides and 4 right angles, is it only a square? No. It is also a rectangle, rhombus, parallelogram, and quadrilateral.




[image: 📋]   Summary

Quadrilaterals are shapes with 4 sides. Some quadrilaterals are more special because of their parallel sides, right angles, or equal sides.


A parallelogram has 2 pairs of parallel sides. A rectangle has 4 right angles. A rhombus has 4 equal sides. A square has both 4 equal sides and 4 right angles, so it belongs to all of those groups.


  
  Put what you read to the test

  You've worked through Hierarchy of Quadrilaterals. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/290






  [image: 📝]   Lesson 68: Quadrilateral Hierarchy

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/590




  Quadrilateral Hierarchy helps us understand how different 4-sided shapes are connected. A quadrilateral is any shape with 4 sides. Some quadrilaterals belong to more than one group because they have several special properties.


This lesson will show how shapes fit inside other shape groups. By the end, you will see why a square can also be called a rectangle, a rhombus, a parallelogram, and a trapezoid.


Important idea: In geometry, a shape can have all the properties of another shape and belong to that group too. This is called an inclusive way of sorting shapes.


Let’s start with the biggest group.


All quadrilaterals have:


  	4 sides

  	4 corners (also called vertices)




Examples of quadrilaterals include squares, rectangles, rhombuses, parallelograms, trapezoids, and kites.


Now let’s look at smaller groups inside the big quadrilateral family.


Trapezoid: a quadrilateral with at least one pair of parallel sides.


Parallel sides are sides that stay the same distance apart and never meet, even if they keep going.


Because we are using the inclusive definition, shapes with two pairs of parallel sides are also trapezoids, since they still have at least one pair.


Parallelogram: a quadrilateral with two pairs of parallel sides.


So every parallelogram is also a trapezoid, because two pairs of parallel sides still means at least one pair of parallel sides.


Rectangle: a parallelogram with 4 right angles.


A right angle measures 90[image: °]. So if a shape has 4 right angles and is a quadrilateral, it is a rectangle.


Rhombus: a parallelogram with 4 equal sides.


Equal sides means all sides have the same length.


Square: a quadrilateral with 4 equal sides and 4 right angles.


A square has everything a rectangle has:


  	4 sides

  	4 right angles

  	opposite sides parallel




A square also has everything a rhombus has:


  	4 sides

  	all 4 sides equal

  	opposite sides parallel




That means a square belongs to both groups.


Here is the hierarchy from the largest group to smaller special groups:



  	Quadrilateral
    
      	Trapezoid
        
          	Parallelogram
            
              	Rectangle

              	Rhombus

              	Square (belongs to both rectangle and rhombus)

            

          

        

      

    

  




You can also think about it like this:



  	Every square is a rectangle.

  	Every square is a rhombus.

  	Every rectangle is a parallelogram.

  	Every rhombus is a parallelogram.

  	Every parallelogram is a trapezoid.

  	Every trapezoid is a quadrilateral.




But be careful: the reverse is not always true.



  	Not every rectangle is a square.

  	Not every rhombus is a square.

  	Not every trapezoid is a parallelogram.




Why not? Because the larger groups have fewer rules, and the smaller groups have more rules.


For example, a rectangle needs 4 right angles, but it does not need all 4 sides to be equal. So some rectangles are not squares.


Let’s organize the most important properties.



  
    	Shape
    	4 sides
    	At least 1 pair of parallel sides
    	2 pairs of parallel sides
    	4 right angles
    	4 equal sides
  

  
    	Quadrilateral
    	Yes
    	Sometimes
    	Sometimes
    	Sometimes
    	Sometimes
  

  
    	Trapezoid
    	Yes
    	Yes
    	Sometimes
    	Sometimes
    	Sometimes
  

  
    	Parallelogram
    	Yes
    	Yes
    	Yes
    	Sometimes
    	Sometimes
  

  
    	Rectangle
    	Yes
    	Yes
    	Yes
    	Yes
    	Sometimes
  

  
    	Rhombus
    	Yes
    	Yes
    	Yes
    	Sometimes
    	Yes
  

  
    	Square
    	Yes
    	Yes
    	Yes
    	Yes
    	Yes
  




Worked Example 1: Is every square a rectangle?


A rectangle has 4 right angles.

A square also has 4 right angles.

So a square has all the angle properties of a rectangle.

Answer: Yes, every square is a rectangle.


Worked Example 2: Is every rectangle a square?


A square must have:


  	4 right angles

  	4 equal sides




A rectangle has:


  	4 right angles

  	opposite sides equal




But a rectangle does not always have 4 equal sides.

For example, a rectangle could have side lengths 8,3,8,3.

Since 8≠3, all 4 sides are not equal.

Answer: No, not every rectangle is a square.


Worked Example 3: A shape has 4 equal sides and 4 right angles. What shapes is it?


Let’s check the properties.


  	4 sides means it is a quadrilateral.

  	4 right angles means it is a rectangle.

  	4 equal sides means it is a rhombus.

  	A shape that is both a rectangle and a rhombus is a square.




Because it is a square, it is also:


  	a rectangle

  	a rhombus

  	a parallelogram

  	a trapezoid

  	a quadrilateral




Answer: The shape is a square, and it belongs to all of those groups.


Worked Example 4: A shape has exactly one pair of parallel sides. What can we say about it?


If a shape has at least one pair of parallel sides, it is a trapezoid.

If it has exactly one pair, then it is not a parallelogram, because parallelograms have two pairs of parallel sides.

Answer: It is a trapezoid, but not a parallelogram.


How to decide where a shape belongs


  	Check that it has 4 sides. If yes, it is a quadrilateral.

  	Look for parallel sides.

  	Look for right angles.

  	Look for equal side lengths.

  	Place the shape in every group whose rules it follows.




Remember: a shape can belong to more than one group at the same time.


Here is a simple way to think about the square:


  	A square has 4 right angles, so it is a rectangle.

  	A square has 4 equal sides, so it is a rhombus.

  	Rectangles and rhombuses are both parallelograms, so a square is a parallelogram.

  	Parallelograms have at least one pair of parallel sides, so a square is a trapezoid.

  	All of these are quadrilaterals because they all have 4 sides.




[image: 📋]   Summary

Quadrilaterals are 4-sided shapes. Some quadrilaterals are more special than others because they follow extra rules. A square is the most special shape in this lesson because it has 4 equal sides and 4 right angles, so it fits into many groups: rectangle, rhombus, parallelogram, trapezoid, and quadrilateral.


  
  Put what you read to the test

  You've worked through Quadrilateral Hierarchy. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/549






  [image: 📝]   Lesson 69: Polygons and Symmetry
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  Polygons and Symmetry
In geometry, shapes can tell us a lot by the number of sides they have and by the way they match up when folded or turned. In this lesson, you will learn about polygons, regular and irregular polygons, lines of symmetry, and rotational symmetry.
By the end, you should be able to name polygons, tell whether a polygon is regular or irregular, and find symmetry in many common shapes.
1. What is a polygon?
A polygon is a closed 2-dimensional shape made of straight line segments.
For a shape to be a polygon:
	It must be flat (2-dimensional).
	It must be closed, with no gaps.
	All sides must be straight.

Shapes like triangles, rectangles, pentagons, and hexagons are polygons.
Shapes like circles or shapes with curved sides are not polygons.
2. Naming polygons by number of sides
Polygons are often named by how many sides they have.
	3 sides: triangle
	4 sides: quadrilateral
	5 sides: pentagon
	6 sides: hexagon
	8 sides: octagon

A polygon also has the same number of angles and vertices as sides. A vertex is a corner. The plural of vertex is vertices.
For example, a pentagon has:
	5 sides
	5 angles
	5 vertices

3. Regular and irregular polygons
A regular polygon has:
	all sides the same length
	all angles the same size

An irregular polygon does not have all sides and all angles equal.
Examples:
	A square is a regular polygon because all 4 sides are equal and all 4 angles are equal.
	A rectangle is usually an irregular polygon because even though all angles are equal, not all sides are the same length.
	A pentagon with sides of different lengths is an irregular polygon.

Important idea: A shape must have both equal sides and equal angles to be a regular polygon.
4. What is symmetry?
Symmetry means a shape can match itself in a special way. There are two main kinds you will learn here:
	line symmetry
	rotational symmetry

5. Line symmetry
A shape has line symmetry if you can draw a line through it so that both halves match exactly when folded on that line.
This line is called a line of symmetry.
If you fold the shape along the line of symmetry:
	one half covers the other half exactly
	the two halves are mirror images

Examples of line symmetry:
	A square has 4 lines of symmetry.
	A rectangle has 2 lines of symmetry.
	An equilateral triangle has 3 lines of symmetry.
	A regular pentagon has 5 lines of symmetry.

Examples with no line symmetry:
	A scalene triangle
	Many irregular polygons

6. Rotational symmetry
A shape has rotational symmetry if it can be turned around its center and still look the same before making a full turn.
A full turn is:
360[image: °]
If a shape matches itself during the turn before reaching 360[image: °], then it has rotational symmetry.
Order of rotational symmetry tells how many times the shape matches itself in one full turn.
Examples:
	A square matches itself 4 times in one full turn, so its rotational symmetry is order 4.
	A regular triangle matches itself 3 times, so it has order 3.
	A regular pentagon has order 5.

For a regular polygon, the order of rotational symmetry is the same as the number of sides.
7. Helpful shape facts
	Square: regular polygon, 4 lines of symmetry, rotational symmetry of order 4
	Rectangle: irregular polygon, 2 lines of symmetry, rotational symmetry of order 2
	Equilateral triangle: regular polygon, 3 lines of symmetry, rotational symmetry of order 3
	Regular pentagon: 5 lines of symmetry, rotational symmetry of order 5
	Regular hexagon: 6 lines of symmetry, rotational symmetry of order 6

8. Worked Examples
Example 1: Is this shape a polygon?
A shape is closed and has 5 straight sides.
Step 1: Check if it is closed. Yes.
Step 2: Check if the sides are straight. Yes.
Answer: Yes, it is a polygon.
Since it has 5 sides, it is a pentagon.
Example 2: Regular or irregular?
A shape has 6 sides. All sides are equal, but one angle is different from the others.
Step 1: A regular polygon must have all sides equal and all angles equal.
Step 2: This shape has equal sides, but not all angles are equal.
Answer: It is an irregular hexagon.
Example 3: Find the lines of symmetry
How many lines of symmetry does a rectangle have?
Step 1: Imagine folding it in half from top to bottom. The halves match.
Step 2: Imagine folding it in half from left to right. The halves match.
Step 3: Try folding it diagonally. The halves do not match unless the rectangle is a square.
Answer: A rectangle has 2 lines of symmetry.
Example 4: Rotational symmetry
A regular hexagon is turned around its center.
Step 1: A regular hexagon has 6 equal sides.
Step 2: It matches itself 6 times in one full turn.
Answer: Its rotational symmetry is order 6.
Each turn is:
360[image: °]÷6=60[image: °]
So the hexagon matches itself every 60[image: °].
9. Tips for identifying symmetry
	Look for halves that are mirror images.
	Try imagining a fold through the center of the shape.
	For rotational symmetry, imagine turning the shape around its center.
	Regular polygons usually have many lines of symmetry and rotational symmetry.
	Irregular polygons may have only a few lines of symmetry or none at all.

10. Common mistakes to avoid
	Do not call a shape a polygon if it has a curved side.
	Do not say a polygon is regular just because all sides are equal. The angles must also be equal.
	Do not count a line as a line of symmetry unless both sides match exactly.
	Do not confuse the number of sides with the number of lines of symmetry. This is true for regular polygons, but not always for irregular ones.

11. Quick check
	Is a circle a polygon?
	How many sides does a hexagon have?
	Is a square regular or irregular?
	How many lines of symmetry does an equilateral triangle have?
	What is the order of rotational symmetry for a square?

Answers:
	No, because it has a curved edge.
	6
	Regular
	3
	4

[image: 📋]   Summary
A polygon is a closed flat shape with straight sides. Polygons are named by the number of sides they have.
A regular polygon has all sides and all angles equal. An irregular polygon does not.
Line symmetry means a shape can be folded into matching halves. Rotational symmetry means a shape can be turned around its center and still look the same before a full turn.
When you study a shape, ask yourself: How many sides does it have? Are the sides and angles equal? Can it be folded or turned to match itself? These questions will help you understand polygons and symmetry.


  
  Put what you read to the test

  You've worked through Polygons and Symmetry. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/550
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  Perimeter and Area of Rectangles


In this lesson, you will learn about two important ways to measure a rectangle: perimeter and area.


Even though these words sound similar, they measure different things. Perimeter measures the distance arounda shape. Area measures the amount of space inside a shape.


A rectangle is a flat shape with 4 sides and 4 corners. Opposite sides of a rectangle are equal. That means the top and bottom are the same length, and the left and right sides are the same length.


1. What is Perimeter?


The perimeter of a rectangle is the total distance around the outside edge.


You can find perimeter by adding all 4 side lengths together.


If a rectangle has length \,l and width \,w, then:


P=l+w+l+w

Because the two lengths match and the two widths match, we can also write:


P=2l+2w

Or:


P=2(l+w)

All three formulas mean the same thing.


Perimeter uses regular length units, such as:


  	centimeters (cm)

  	meters (m)

  	inches (in)

  	feet (ft)




2. What is Area?


The area of a rectangle is the amount of space inside it.


To find area, multiply the length by the width.


A=l×w

Area tells how many square units fit inside the rectangle.


Area uses square units, such as:


  	square centimeters \,cm2

  	square meters \,m2

  	square inches \,in2

  	square feet \,ft2




Why square units? Because area covers a flat surface. Imagine filling the rectangle with little squares. The area is the number of squares that fit inside.


3. Perimeter and Area Are Different


It is very important not to mix these up.



  	Perimeter = distance around the outside

  	Area = space inside the shape




A good way to remember:


  	Perimeter is like putting a fence around a yard.

  	Area is like covering the yard with grass.




4. Parts of a Rectangle


A rectangle has a length and a width.



  	The length is usually the longer side.

  	The width is usually the shorter side.




For example, if a rectangle is 8 cm long and 3 cm wide, then:


  	length = \,8 cm

  	width = \,3 cm




Worked Example 1: Finding Perimeter


A rectangle has length \,7 cm and width \,4 cm. Find the perimeter.


Step 1: Write the formula.


P=2(l+w)

Step 2: Substitute the numbers.


P=2(7+4)

Step 3: Add inside the parentheses.


P=2(11)

Step 4: Multiply.


P=22

Answer: The perimeter is 22 cm.


You can check by adding all sides:


7+4+7+4=22

Worked Example 2: Finding Area


A rectangle has length \,7 cm and width \,4 cm. Find the area.


Step 1: Write the formula.


A=l×w

Step 2: Substitute the numbers.


A=7×4

Step 3: Multiply.


A=28

Answer: The area is 28 cm2.


This means 28 little square centimeters fit inside the rectangle.


Worked Example 3: Finding Both Perimeter and Area


A rectangle is \,10 m long and \,6 m wide. Find both the perimeter and the area.


Perimeter:


P=2(l+w)
P=2(10+6)
P=2(16)
P=32

So, the perimeter is 32 m.


Area:


A=l×w
A=10×6
A=60

So, the area is 60 m2.


Notice that the answers use different units:


  	Perimeter: meters

  	Area: square meters




Worked Example 4: A Real-Life Problem


A garden is shaped like a rectangle. It is \,12 ft long and \,5 ft wide.


Question 1: How much fencing is needed to go around the garden?


This is asking for the perimeter.


P=2(l+w)
P=2(12+5)
P=2(17)
P=34

Answer: The garden needs 34 ft of fencing.


Question 2: How much ground is inside the garden?


This is asking for the area.


A=l×w
A=12×5
A=60

Answer: The area of the garden is 60 ft2.


5. How to Decide: Perimeter or Area?


Sometimes word problems can be tricky. Ask yourself:



  	Are we measuring around the shape? Use perimeter.

  	Are we measuring inside the shape? Use area.




Look for clue words.


Clue words for perimeter:


  	around

  	border

  	edge

  	fence

  	frame

  	distance around




Clue words for area:


  	cover

  	inside

  	surface

  	floor space

  	how much space

  	square units




6. Common Mistakes to Avoid



  	Do not add when finding area. Area uses multiplication: \,l×w.

  	Do not multiply by 2 for area. That is used in the perimeter formula.

  	Do not forget units. Perimeter uses units like cm or ft. Area uses square units like \,cm2 or \,ft2.

  	Do not confuse inside and outside. Perimeter is outside; area is inside.




7. Quick Practice Thinking


If a rectangle is \,9 in by \,2 in:


  	Perimeter: P=2(9+2)=22 in

  	Area: A=9×2=18 in2




See how the same rectangle has two different measurements? That is because perimeter and area measure different things.


8. Summary


A rectangle has a length and a width. To find the perimeter, add all the sides, or use \,P=2(l+w). Perimeter tells the distance around the outside of the rectangle.


To find the area, multiply length times width, or use \,A=l×w. Area tells the amount of space inside the rectangle.


Remember:


  	Perimeter = around = length units

  	Area = inside = square units




When you know whether the question is asking about the outside edge or the inside space, you can choose the correct formula and solve it with confidence.


  
  Put what you read to the test

  You've worked through Perimeter and Area of Rectangles. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/551
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  Area of Composite Figures


A composite figure is a shape made by putting two or more simple shapes together. In 5th grade, the simple shapes you will use most are rectangles and sometimes triangles.


The area of a shape tells how much space is inside it. Area is measured in square units, such as square inches, square centimeters, or square feet.


When a shape looks complicated, you do not have to find its area all at once. Instead, you can break it apart into smaller shapes that are easier to work with. Then you find the area of each smaller shape and add the areas together.


Important idea: The smaller shapes should not overlap. If they overlap, you might count part of the figure twice.


Step-by-step plan


  	Look at the composite figure carefully.

  	Break it into simple shapes, such as rectangles and triangles.

  	Write the side lengths on each smaller shape.

  	Find the area of each smaller shape.

  	Add the areas to get the total area.

  	Write the answer in square units.




Area formulas you need


  	Rectangle: Area=length×width

  	Triangle: Area=12×base×height




For a rectangle, multiply the side lengths.


For a triangle, find half of the area of a rectangle with the same base and height.


Worked Example 1: Composite figure made of 2 rectangles

A figure is made of:


  	a rectangle that is 8 m by 3 m

  	another rectangle that is 4 m by 2 m




Since the figure is made of 2 rectangles, find each area and add them.


First rectangle:

8×3=24

Second rectangle:

4×2=8

Total area:

24+8=32

Answer: The area of the composite figure is 32 m2.


Worked Example 2: An L-shaped figure

An L-shaped figure can be split into 2 rectangles.


Suppose one rectangle measures 6 cm by 4 cm, and the other rectangle measures 2 cm by 3 cm.


Find the area of each rectangle.


Rectangle 1:

6×4=24

Rectangle 2:

2×3=6

Add the areas:

24+6=30

Answer: The total area is 30 cm2.


Worked Example 3: A figure made of a rectangle and a triangle

A shape is made of:


  	a rectangle with length 7 in and width 4 in

  	a triangle with base 4 in and height 3 in




First find the rectangle's area:

7×4=28

Now find the triangle's area:

12×4×3=6

Add the areas:

28+6=34

Answer: The composite figure has area 34 in2.


Worked Example 4: Finding a missing side before finding area

Sometimes a side length is not given directly. You may need to subtract to find it.


Imagine a large rectangle that is 10 ft long and 6 ft wide. A smaller rectangle is attached on one side. The smaller rectangle has width 3 ft. The full height of the figure is 6 ft, but part of the side is already 4 ft, so the missing part is:

6−4=2

Now split the composite figure into 2 rectangles:


  	Rectangle 1: 10 ft by 4 ft

  	Rectangle 2: 3 ft by 2 ft




Find each area:

10×4=40
3×2=6

Add them:

40+6=46

Answer: The area of the figure is 46 ft2.


Tips for success


  	Draw lines to split the figure into smaller shapes.

  	Check that the smaller shapes do not overlap.

  	Make sure every part of the figure is included.

  	Use the correct formula for each shape.

  	Always label your answer with square units.




Common mistakes to avoid


  	Forgetting a part of the figure: Make sure all pieces are counted.

  	Counting the same part twice: Do not let your smaller shapes overlap.

  	Using perimeter instead of area: Area is the space inside, not the distance around.

  	Forgetting to square the units: Write units like cm2, in2, or ft2.

  	Using the triangle formula incorrectly: Remember to multiply by 12.




How to check your answer


  	Ask yourself: Did I split the figure into simple shapes correctly?

  	Did I find the area of each smaller shape?

  	Did I add all the parts together?

  	Does my answer seem reasonable for the size of the figure?




[image: 📋]   Summary

To find the area of a composite figure, break the figure into simple shapes such as rectangles and triangles. Find the area of each part, then add the areas together. If a side length is missing, use the lengths you know to figure it out first. Always write your final answer in square units.


  
  Put what you read to the test

  You've worked through Area of Composite Figures. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/552
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  Three-Dimensional Figures and Nets


In geometry, some shapes are flat, like squares and triangles. These are called two-dimensional (2D) shapes. Other shapes are solid, like boxes and dice. These are called three-dimensional (3D) figures.


In this lesson, you will learn how to look at 3D figures and understand their faces, edges, and vertices. You will also learn about nets, which are flat patterns that can be folded to make 3D solids.


This is helpful because a net lets us take apart a solid in our minds and see all of its flat faces at once.


1. What is a 3D figure?


A 3D figure is a solid shape that has length, width, and height. You can hold it, stack it, or build it.


Some common 3D figures are:


  	Prisms

  	Pyramids




2. Parts of a 3D figure


To describe a solid figure, we use these words:


  	Face: a flat surface on a solid

  	Edge: a line segment where two faces meet

  	Vertex (plural: vertices): a point where edges meet




For example, a cube has:


  	6 faces

  	12 edges

  	8 vertices




3. What is a prism?


A prism is a 3D figure with two matching faces on opposite ends. These matching faces are called bases. The other faces connect the bases.


The name of a prism comes from the shape of its bases.


  	A rectangular prism has rectangle bases.

  	A triangular prism has triangle bases.

  	A pentagonal prism has pentagon bases.




In a prism, the side faces are rectangles.


4. What is a pyramid?


A pyramid has one base. The other faces are triangles that meet at one point at the top. That top point is called the apex.


The name of a pyramid comes from the shape of its base.


  	A square pyramid has a square base.

  	A triangular pyramid has a triangle base.

  	A rectangular pyramid has a rectangle base.




5. What is a net?


A net is a flat pattern of 2D shapes that can be folded to make a 3D figure.


You can think of a net like an unfolded box. When the faces are laid flat, you can see every face. When the net is folded, it becomes the solid.


A net must have:


  	All the correct faces

  	The correct number of faces

  	Faces connected in a way that lets them fold without overlapping




6. Nets of prisms


A prism’s net shows:


  	Two matching bases

  	A row or strip of rectangles connecting around the solid




For example, a triangular prism has:


  	2 triangle faces

  	3 rectangle faces




So its net must have 2 triangles and 3 rectangles.


A rectangular prism has:


  	6 rectangle faces




Its net has 6 rectangles connected in a pattern that folds into a box shape.


7. Nets of pyramids


A pyramid’s net shows:


  	1 base

  	Triangles attached around the base




For example, a square pyramid has:


  	1 square base

  	4 triangle faces




So its net has 1 square and 4 triangles.


A triangular pyramid has:


  	1 triangle base

  	3 more triangle faces




So its net has 4 triangles in all.


8. How to tell if a net matches a 3D figure


When you look at a net, ask yourself these questions:


  	How many faces does the solid have?

  	What shapes are the faces?

  	Does the net show the same number and kinds of faces?

  	Can the faces fold up to close the solid?




If the net has too many faces, too few faces, or the wrong shapes, it cannot make that solid.


Worked Example 1: Counting parts of a rectangular prism


Question: A rectangular prism is shaped like a box. How many faces, edges, and vertices does it have?


Step 1: Count the faces.

A rectangular prism has 6 faces.


Step 2: Count the edges.

It has 12 edges.


Step 3: Count the vertices.

It has 8 vertices.


Answer: A rectangular prism has 6 faces, 12 edges, and 8 vertices.


Worked Example 2: Identifying a prism from its net


Question: A net has 2 triangles and 3 rectangles. What 3D figure does it make?


Step 1: Look at the matching faces.

The net has 2 matching triangle faces.


Step 2: Look at the side faces.

The 3 rectangles connect the triangles.


Step 3: Name the solid by its bases.

Because the bases are triangles, the solid is a triangular prism.


Answer: The net makes a triangular prism.


Worked Example 3: Identifying a pyramid from its net


Question: A net has 1 square and 4 triangles. What solid does it form?


Step 1: Find the base.

The square is the base.


Step 2: Look at the other faces.

The 4 triangles fold up around the square.


Step 3: Name the pyramid by its base.

Since the base is a square, the solid is a square pyramid.


Answer: The net forms a square pyramid.


Worked Example 4: Deciding if a net works


Question: A student says that a net with 1 square and 3 triangles makes a square pyramid. Is the student correct?


Step 1: Think about the faces of a square pyramid.

A square pyramid has:


  	1 square base

  	4 triangle faces




Step 2: Compare with the net.

The net only has 1 square and 3 triangles.


Step 3: Decide.

It is missing 1 triangle face, so it cannot fold into a square pyramid.


Answer: No, the student is not correct.


9. Helpful facts to remember



  	A face is flat.

  	An edge is where two faces meet.

  	A vertex is where edges meet.

  	A prism has 2 matching bases.

  	A pyramid has 1 base and triangle faces that meet at one point.

  	A net is a flat pattern that folds into a solid.




10. Tips for solving problems



  	First, identify the base shape.

  	Count how many faces the solid should have.

  	Check whether the net has the right shapes and number of faces.

  	Imagine folding the net to see if the sides meet correctly.




Brief Summary


Three-dimensional figures are solid shapes with faces, edges, and vertices. Prisms have 2 matching bases, and pyramids have 1 base with triangle faces meeting at a point. A net is a flat pattern of faces that folds to make a 3D figure. By counting faces and looking at their shapes, you can decide what solid a net makes.


  
  Put what you read to the test

  You've worked through Three-Dimensional Figures and Nets. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/554
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  Quadrilateral Properties and Classification


In this lesson, you will learn how to recognize, describe, and classify quadrilaterals. A quadrilateral is a closed shape with 4 sides and 4 angles.


Some quadrilaterals look very different from each other, but they still belong to the same big family because they all have 4 sides. We can sort them by looking at their sides and angles.


When we classify quadrilaterals, we look for important properties such as:


  	Parallel sides — lines that stay the same distance apart and never meet

  	Perpendicular sides — lines that meet to make a square corner, or a right angle

  	Equal sides — sides that have the same length

  	Symmetry — when a shape can be folded into matching halves




Let’s learn the main kinds of quadrilaterals.


1. Parallelogram

A parallelogram is a quadrilateral with 2 pairs of parallel sides.


  	Opposite sides are parallel.

  	Opposite sides are equal in length.

  	It does not have to have right angles.




2. Rectangle

A rectangle is a special parallelogram.


  	It has 2 pairs of parallel sides.

  	It has 4 right angles.

  	Opposite sides are equal.




3. Square

A square is a very special quadrilateral.


  	It has 4 equal sides.

  	It has 4 right angles.

  	It has 2 pairs of parallel sides.




This means a square is also a rectangle and also a parallelogram, because it has all of those properties too.


4. Rhombus

A rhombus is a quadrilateral with 4 equal sides.


  	It has 2 pairs of parallel sides.

  	All sides are equal.

  	It does not need to have 4 right angles.




A square is a special rhombus because a square has 4 equal sides and 4 right angles.


5. Trapezoid

A trapezoid is a quadrilateral with 1 pair of parallel sides.


  	It has exactly one pair of parallel sides.

  	The other two sides are not parallel.




6. Kite

A kite is a quadrilateral with 2 pairs of equal sides that are next to each other.


  	The equal sides are side-by-side, not opposite.

  	It may have a line of symmetry.

  	It usually does not have parallel sides.




Important idea: Some shapes fit into more than one group. A square is the best example. It is a square, a rectangle, a rhombus, and a parallelogram.


How to classify a quadrilateral

When you look at a 4-sided shape, ask these questions in order:


  	Does it have 4 sides?

  	How many pairs of parallel sides does it have?

  	Does it have any right angles?

  	Are any sides equal in length?

  	Does it have symmetry?




These questions help you decide which name fits the shape.


Worked Example 1

A shape has 4 sides. Opposite sides are parallel, and it has 4 right angles. Two long sides are equal, and two short sides are equal. What is the shape?

Step 1: It has 4 sides, so it is a quadrilateral.

Step 2: It has 2 pairs of parallel sides.

Step 3: It has 4 right angles.

A quadrilateral with 2 pairs of parallel sides and 4 right angles is a rectangle.


Worked Example 2

A shape has 4 equal sides and 4 right angles. What is the shape?

Step 1: It is a quadrilateral because it has 4 sides.

Step 2: All 4 sides are equal.

Step 3: All 4 angles are right angles.

This shape is a square.

It is also a rectangle, a rhombus, and a parallelogram.


Worked Example 3

A shape has 4 sides. Only 1 pair of sides is parallel. What is the shape?

Step 1: It has 4 sides, so it is a quadrilateral.

Step 2: It has exactly 1 pair of parallel sides.

A quadrilateral with 1 pair of parallel sides is a trapezoid.


Worked Example 4

A shape has 4 sides. It has 2 pairs of equal sides that are next to each other. It does not have 2 pairs of parallel sides. What is the shape?

Step 1: It is a quadrilateral.

Step 2: The equal sides are next to each other.

Step 3: That matches the definition of a kite.

The shape is a kite.


Comparing quadrilaterals


  	Square and rectangle: Both have 4 right angles, but only a square has 4 equal sides.

  	Square and rhombus: Both have 4 equal sides, but only a square must have 4 right angles.

  	Rectangle and parallelogram: Both have 2 pairs of parallel sides, but a rectangle has 4 right angles.

  	Trapezoid and parallelogram: A trapezoid has 1 pair of parallel sides, while a parallelogram has 2 pairs.




Symmetry in quadrilaterals

Some quadrilaterals can be folded into matching halves.


  	A square has several lines of symmetry.

  	A rectangle has symmetry too.

  	A rhombus may have symmetry.

  	A kite often has 1 line of symmetry.




Symmetry can help you describe a shape, but the most important clues are still the sides and angles.


Quick check tips


  	If it has 4 sides, it is a quadrilateral.

  	If it has 2 pairs of parallel sides, think about parallelogram, rectangle, rhombus, or square.

  	If it has 4 right angles, think about rectangle or square.

  	If it has 4 equal sides, think about rhombus or square.

  	If it has 1 pair of parallel sides, think about trapezoid.

  	If it has 2 pairs of side-by-side equal sides, think about kite.




[image: 📋]   Summary

A quadrilateral is any closed shape with 4 sides. We classify quadrilaterals by checking their parallel sides, right angles, equal sides, and symmetry.


Remember these key groups:


  	Parallelogram: 2 pairs of parallel sides

  	Rectangle: 2 pairs of parallel sides and 4 right angles

  	Square: 4 equal sides and 4 right angles

  	Rhombus: 4 equal sides

  	Trapezoid: 1 pair of parallel sides

  	Kite: 2 pairs of equal side-by-side sides




When classifying a shape, look carefully at what is always true about it. That will help you choose the correct name.


  
  Put what you read to the test

  You've worked through Quadrilateral Properties and Classification. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/442
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  Volume of Rectangular Prisms


Have you ever packed a box with small cubes or blocks? The number of cubes that fit inside the box tells us its volume.


Volume is the amount of space inside a 3-dimensional figure. A rectangular prism is a box-shaped solid with 6 rectangular faces. Examples include a cereal box, a brick, or a tissue box.


In this lesson, you will learn how to find the volume of a rectangular prism by counting cubes and by using a formula.


1. What volume means


Imagine a rectangular prism filled with little cubes. If each small cube is 1 unit long, 1 unit wide, and 1 unit high, then each cube is called a unit cube.


One unit cube has a volume of 1 cubic unit. We write cubic units because volume measures space in 3 dimensions.


For example:


  	square units measure area

  	cubic units measure volume




If a prism holds 12 unit cubes, then its volume is 12 cubic units.


2. Finding volume by counting layers


A rectangular prism can be thought of as being built in layers.


First, find how many cubes are in one layer. Then count how many equal layers there are.


If one layer has 6 cubes and there are 4 layers, then the total number of cubes is:


6×4=24

So the volume is 24 cubic units.


This works because volume is the total number of unit cubes that fill the prism without gaps or overlaps.


3. The formula for volume


A rectangular prism has 3 important measurements:


  	length — how long it is

  	width — how wide it is

  	height — how tall it is




We use these measurements in the volume formula:


V=l×w×h

This means:


  	
    42 is volume
  

  	42 is length

  	42 is width

  	42 is height




In words, multiply the length, width, and height.


You can also think of it like this:


V=(l×w)×h

First find the number of cubes in the bottom layer: l×w.

Then multiply by the number of layers: h.


4. Units for volume


When you find volume, always write the answer in cubic units.


Examples:


  	cubic centimeters: cm3

  	cubic inches: in3

  	cubic feet: ft3

  	cubic units




If the side lengths are measured in inches, the volume will be measured in cubic inches.


Worked Example 1: Count unit cubes


A rectangular prism has 3 cubes in each row, 2 rows in each layer, and 2 layers.


Step 1: Find cubes in one layer.


3×2=6

So one layer has 6 cubes.


Step 2: Multiply by the number of layers.


6×2=12

Answer: The volume is 12 cubic units.


Worked Example 2: Use the formula


Find the volume of a rectangular prism with length 5 units, width 3 units, and height 4 units.


Use the formula:


V=l×w×h

Substitute the numbers:


V=5×3×4

Multiply:


5×3=15
15×4=60

Answer: The volume is 60 cubic units.


Worked Example 3: Volume with real units


A box is 8 inches long, 2 inches wide, and 6 inches high. What is its volume?


Use the formula:


V=l×w×h

V=8×2×6

Multiply:


8×2=16
16×6=96

Answer: The volume is 96 in3, or 96 cubic inches.


Worked Example 4: Missing thinking step


A rectangular prism has a base that is 7 units by 3 units. It is 5 units high. Find the volume.


First find the bottom layer:


7×3=21

So each layer has 21 unit cubes.


Now multiply by the height:


21×5=105

Answer: The volume is 105 cubic units.


5. Tips for solving volume problems


  	Make sure the figure is a rectangular prism.

  	Find the length, width, and height.

  	Multiply all 3 measurements.

  	Do not add the side lengths. Volume is found by multiplying, not adding.

  	Remember to write cubic units in the answer.




6. Common mistakes to avoid


  	Mixing up area and volume: Area measures a flat surface. Volume measures space inside a solid figure.

  	Forgetting the height: Multiplying only length and width gives the area of the base, not the volume.

  	Forgetting units: Write cubic units, such as cm3 or cubic inches.




7. Quick practice thinking


If a prism is 4 units long, 3 units wide, and 2 units high, then:


V=4×3×2=24

The prism has a volume of 24 cubic units.


If another prism is 10 feet long, 2 feet wide, and 3 feet high, then:


V=10×2×3=60

The volume is 60 ft3.


[image: 📋]   Summary


Volume tells how much space is inside a rectangular prism. You can find it by counting unit cubes or by using the formula V=l×w×h.


Always multiply the length, width, and height, and always include cubic units in your answer.


  
  Put what you read to the test

  You've worked through Volume of Rectangular Prisms. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/555
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  Lesson: The Hierarchy of Quadrilaterals


Today we will learn about quadrilaterals and how they are connected. A quadrilateral is a flat shape with 4 sides and 4 corners.


Some quadrilaterals are special kinds of other quadrilaterals. This is called a hierarchy. A hierarchy is like a family tree of shapes. It helps us see which shapes belong inside bigger groups.


The big idea in this lesson is this: every square is a rectangle, but not every rectangle is a square. We will learn why that is true.


1. What makes a shape a quadrilateral?


A shape is a quadrilateral if it has:


  	4 straight sides

  	4 vertices, or corners

  	a closed shape, with no openings




Examples of quadrilaterals include rectangles, squares, rhombuses, and parallelograms.


2. Important shape words


To sort quadrilaterals, we look at their sides and angles.


  	Parallel sides: lines that stay the same distance apart and never meet

  	Perpendicular sides: lines that meet to make a square corner

  	Right angle: a square corner, or an angle of 90[image: °]

  	Equal sides: sides that have the same length




3. The quadrilateral family


Let’s start with the biggest group in this lesson: quadrilaterals. Every shape we talk about next will belong to this group because each one has 4 sides.


Inside the group of quadrilaterals is a smaller group called parallelograms.


A parallelogram is a quadrilateral with 2 pairs of parallel sides.


Inside the group of parallelograms are even more special shapes, including rectangles and rhombuses.


A rectangle is a parallelogram with 4 right angles.


A rhombus is a parallelogram with 4 equal sides.


A square is the most special shape in this group. A square has:


  	4 equal sides

  	4 right angles

  	2 pairs of parallel sides




That means a square fits the rules for:


  	a quadrilateral

  	a parallelogram

  	a rectangle

  	a rhombus




4. Why is every square a rectangle?


Remember: a rectangle needs 4 right angles.


A square has 4 right angles, so it follows the rule for a rectangle.


A square also has 4 equal sides, but that does not stop it from being a rectangle. It just means the square has an extra special feature.


So if a shape has everything a rectangle needs, it is a rectangle.


Every square is a rectangle because every square has 4 right angles.


5. Why is not every rectangle a square?


A rectangle must have:


  	4 right angles




A square must have:


  	4 right angles

  	4 equal sides




Some rectangles do not have 4 equal sides. For example, a rectangle can have 2 long sides and 2 short sides.


That kind of shape is still a rectangle, because it has 4 right angles. But it is not a square, because all 4 sides are not equal.


So, rectangles do not always have the extra rule that squares need.


6. Seeing the hierarchy


We can think about the shape family like this:


Quadrilaterals⊃Parallelograms⊃Rectangles⊃Squares


This means:


  	Squares are inside rectangles.

  	Rectangles are inside parallelograms.

  	Parallelograms are inside quadrilaterals.




We can also show another part of the family:


Quadrilaterals⊃Parallelograms⊃Rhombuses⊃Squares


This means a square is also a special kind of rhombus.


7. Worked Examples


Example 1: Is a square a quadrilateral?


A square has 4 sides.


A quadrilateral is any closed shape with 4 sides.


Answer: Yes. A square is a quadrilateral.


Example 2: Is a square a rectangle?


A rectangle must have 4 right angles.


A square has 4 right angles.


Answer: Yes. A square is a rectangle.


Example 3: A shape has 4 right angles, but its sides are 6 cm,3 cm,6 cm,3 cm. Is it a square?


The shape has 4 right angles, so it is a rectangle.


But the side lengths are not all equal. Two sides are 6 cm and two sides are 3 cm.


A square needs all 4 sides to be equal.


Answer: No, it is not a square. It is a rectangle.


Example 4: A shape has 4 equal sides and 4 right angles. What shapes could it be?


Because it has 4 equal sides and 4 right angles, it is a square.


Since every square is also a rectangle, a rhombus, a parallelogram, and a quadrilateral, the shape belongs to all of those groups.


Answer: It is a square, and it is also a rectangle, rhombus, parallelogram, and quadrilateral.


8. A helpful way to remember



  	Quadrilateral: any shape with 4 sides

  	Parallelogram: a quadrilateral with 2 pairs of parallel sides

  	Rectangle: a parallelogram with 4 right angles

  	Rhombus: a parallelogram with 4 equal sides

  	Square: a rectangle and a rhombus




If a shape follows all the rules of a group, then it belongs to that group.


9. Watch out for this common mistake


Sometimes students think a square is not a rectangle because it looks different from a long rectangle.


But in math, we sort shapes by their properties, not just by how they look.


A square has 4 right angles, so it fits the rule for rectangle. That is why a square is a rectangle.


10. Summary


All quadrilaterals have 4 sides. Some quadrilaterals are parallelograms because they have 2 pairs of parallel sides.


Rectangles are parallelograms with 4 right angles. Rhombuses are parallelograms with 4 equal sides. Squares have both 4 right angles and 4 equal sides.


That is why every square is a rectangle. But not every rectangle is a square, because many rectangles do not have 4 equal sides.


  
  Put what you read to the test

  You've worked through The Hierarchy of Quadrilaterals. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/443






  
    
  [image: 📖]   Chapter 10

  Measurement and Conversions
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  Metric System Structure
The metric system is a way to measure length, mass, and capacity. It is used in many countries around the world.
One big reason the metric system is helpful is that it is based on 10. This means we can move from one unit to another by multiplying or dividing by 10, 100, or 1,000.
In this lesson, you will learn how the metric system is organized and how the prefixes milli-, centi-, and kilo- help us understand different-sized units.
1. The basic metric units
There are three common basic metric units you should know:
	meter (m) for length
	gram (g) for mass
	liter (L) for capacity

These are the main units. Prefixes are added to them to show bigger or smaller amounts.
2. The prefixes and what they mean
Prefixes tell how much bigger or smaller a unit is compared to the basic unit.
	milli- means one-thousandth of the basic unit: 11000
	centi- means one-hundredth of the basic unit: 1100
	kilo- means 1,000 times the basic unit: 1000

When we add these prefixes, we get new units:
	millimeter (mm), centimeter (cm), kilometer (km)
	milligram (mg), centigram (cg), kilogram (kg)
	milliliter (mL), centiliter (cL), kiloliter (kL)

3. How the metric system is structured
You can think of the metric system like steps on a staircase. The basic unit is in the middle.
For 5th grade, these are the most important steps to know:
	kilo- = bigger than the base unit
	base unit = meter, gram, or liter
	centi- = smaller than the base unit
	milli- = even smaller than centi-

Here is the size relationship:
1 kilometer=1000 meters
1 meter=100 centimeters
1 meter=1000 millimeters
1 kilogram=1000 grams
1 liter=1000 milliliters
This shows that metric units are connected by powers of 10, which makes converting easier.
4. Comparing the sizes of units
It is important to know which unit is bigger and which is smaller.
	A kilometer is bigger than a meter.
	A centimeter is smaller than a meter.
	A millimeter is even smaller than a centimeter.

For mass:
	A kilogram is bigger than a gram.
	A milligram is much smaller than a gram.

For capacity:
	A liter is bigger than a milliliter.
	A kiloliter is much bigger than a liter.

5. A helpful way to remember conversions
When you change from a bigger unit to a smaller unit, the number gets bigger. When you change from a smaller unit to a bigger unit, the number gets smaller.
For example:
	Going from meters to centimeters means the number gets bigger because centimeters are smaller pieces.
	Going from millimeters to meters means the number gets smaller because meters are larger units.

6. Worked Examples
Example 1: Convert meters to centimeters
Change 3 meters to centimeters.
We know:
1 m=100 cm
So multiply by 100:
3×100=300
So, 3 meters = 300 centimeters.
Example 2: Convert kilograms to grams
Change 5 kilograms to grams.
We know:
1 kg=1000 g
So multiply by 1000:
5×1000=5000
So, 5 kilograms = 5,000 grams.
Example 3: Convert milliliters to liters
Change 2000 milliliters to liters.
We know:
1000 mL=1 L
Since we are going from a smaller unit to a bigger unit, divide by 1000:
2000÷1000=2
So, 2000 milliliters = 2 liters.
Example 4: Convert centimeters to meters
Change 450 centimeters to meters.
We know:
100 cm=1 m
So divide by 100:
450÷100=4.5
So, 450 centimeters = 4.5 meters.
7. Tips for choosing the correct operation
	If you change to a smaller unit, multiply.
	If you change to a bigger unit, divide.
	Use what you know about 10, 100, and 1,000.
	Ask yourself: “Am I breaking this into smaller pieces, or combining smaller pieces into a bigger unit?”

8. Quick reference chart
	Length: 1 km=1000 m, 1 m=100 cm, 1 m=1000 mm
	Mass: 1 kg=1000 g, 1 g=1000 mg
	Capacity: 1 kL=1000 L, 1 L=1000 mL

9. Brief Summary
The metric system is organized in units based on powers of 10. The basic units are meter, gram, and liter. The prefix kilo- means 1,000 times the base unit, centi- means one-hundredth, and milli- means one-thousandth. To convert, multiply when moving to smaller units and divide when moving to larger units.


  
  Put what you read to the test

  You've worked through Metric System Structure. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/557
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  Converting Metric Units is easier when you remember one big idea: the metric system is based on powers of 10.


That means each time you move from one metric unit to the next, you multiply or divide by 10. Because of this, converting metric units is often just a matter of moving the decimal point.


In 5th grade, you will usually convert units of length, mass, and capacity.



  	Length: kilometer (km), meter (m), centimeter (cm), millimeter (mm)

  	Mass: kilogram (kg), gram (g), milligram (mg)

  	Capacity: liter (L), milliliter (mL)




The most important thing is to understand whether you are changing to a larger unit or a smaller unit.



  	When you change to a smaller unit, the number gets bigger.

  	When you change to a larger unit, the number gets smaller.




For example, 1 meter is the same length as 100 centimeters. Since centimeters are smaller than meters, it takes more of them to make the same length.


Here are some common metric relationships to remember:



  	
    1 km=1000 m
  

  	
    1 m=100 cm
  

  	
    1 cm=10 mm
  

  	
    1 kg=1000 g
  

  	
    1 g=1000 mg
  

  	
    1 L=1000 mL
  




You can think of metric units in order from larger to smaller. For length, one helpful order is:


km [image: →] m [image: →] cm [image: →] mm


For mass:


kg [image: →] g [image: →] mg


For capacity:


L [image: →] mL


Each step to the right means you are moving to a smaller unit. Each step to the left means you are moving to a larger unit.


When converting, ask yourself these questions:



  	What unit am I starting with?

  	What unit am I changing to?

  	Am I moving to a larger unit or a smaller unit?

  	How many places does the decimal point move?




If you move to a smaller unit, move the decimal point to the right. If you move to a larger unit, move the decimal point to the left.


Sometimes a whole number does not show a decimal point, but it is still there. For example, 7 can be thought of as 7.0.


Worked Example 1: Convert 4 meters to centimeters


We know:



  1 m=100 cm



Meters to centimeters means going to a smaller unit, so the number should get bigger.


Multiply by 100, or move the decimal point 2 places to the right:



  4.0 m=400 cm



Answer: 4 meters = 400 centimeters.


Worked Example 2: Convert 3500 milliliters to liters


We know:



  1000 mL=1 L



Milliliters to liters means going to a larger unit, so the number should get smaller.


Divide by 1000, or move the decimal point 3 places to the left:



  3500 mL=3.5 L



Answer: 3500 milliliters = 3.5 liters.


Worked Example 3: Convert 2.8 kilograms to grams


We know:



  1 kg=1000 g



Kilograms to grams means going to a smaller unit, so move the decimal point 3 places to the right.



  2.8 kg=2800 g



Answer: 2.8 kilograms = 2800 grams.


Worked Example 4: Convert 650 centimeters to meters


We know:



  100 cm=1 m



Centimeters to meters means going to a larger unit, so move the decimal point 2 places to the left.



  650 cm=6.5 m



Answer: 650 centimeters = 6.5 meters.


A helpful way to check your answer is to think about whether your number makes sense.



  	If you change from meters to centimeters, your number should be larger.

  	If you change from grams to kilograms, your number should be smaller.




For example, if someone said 3 meters = 0.03 centimeters, that would not make sense. Centimeters are smaller than meters, so there should be more centimeters, not fewer.


Common mistakes to avoid:



  	Moving the decimal point the wrong direction

  	Forgetting how many places to move it

  	Not checking whether the answer should be bigger or smaller

  	Mixing up different kinds of measurement, like length and mass




Quick Tips:



  	Smaller unit [image: →] bigger number

  	Larger unit [image: →] smaller number

  	
    ×10, ×100, ×1000
    move the decimal right
  

  	
    ÷10, ÷100, ÷1000
    move the decimal left
  




[image: 📋]   Summary


The metric system is based on tens, so converting metric units is usually done by multiplying or dividing by 10, 100, or 1000. When you convert to a smaller unit, move the decimal point right and the number gets bigger. When you convert to a larger unit, move the decimal point left and the number gets smaller.


  
  Put what you read to the test

  You've worked through Converting Metric Units. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/558
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  Customary System Structure is the way we organize and use common U.S. measurement units. In 5th grade, the most important customary units are used for length, weight, and capacity.
When you understand how these units are connected, you can choose the right unit to measure something and convert from one unit to another.
In the U.S. customary system, different kinds of measurements use different units:
	Length: inch, foot, yard, mile
	Weight: ounce, pound, ton
	Capacity: cup, pint, quart, gallon

Let’s learn how each group is structured.
1. Length in the customary system
Length tells how long, tall, or far something is.
	 inches = 1 foot
	 feet = 1 yard
	,280 feet = 1 mile

These units go from smaller to larger:
inch  foot  yard  mile
You might use:
	inches to measure a pencil
	feet to measure a person’s height
	yards to measure the length of a room
	miles to measure the distance between places

2. Weight in the customary system
Weight tells how heavy something is.
	6 ounces = 1 pound
	,000 pounds = 1 ton

These units go from smaller to larger:
ounce  pound  ton
You might use:
	ounces to measure a small snack
	pounds to measure a dog or a backpack
	tons to measure something very heavy, like a truck

3. Capacity in the customary system
Capacity tells how much liquid a container can hold.
	 cups = 1 pint
	 pints = 1 quart
	 quarts = 1 gallon

These units go from smaller to larger:
cup  pint  quart  gallon
You might use:
	cups for milk in a recipe
	pints for a small container of berries
	quarts for juice
	gallons for a large jug of water or milk

Helpful patterns to remember
Some customary units have simple patterns:
	Length: 12 inches in 1 foot, 3 feet in 1 yard
	Weight: 16 ounces in 1 pound
	Capacity: 2 cups in 1 pint, 2 pints in 1 quart, 4 quarts in 1 gallon

For capacity, the units double from cup to pint to quart, and then 4 quarts make a gallon.
How to convert within the customary system
To convert means to change one unit into another without changing the amount.
When changing from a larger unit to a smaller unit, you multiply. That is because you are finding how many smaller parts fit inside the larger unit.
When changing from a smaller unit to a larger unit, you divide. That is because you are grouping the smaller parts into larger units.
For example:
	Feet to inches: multiply by 12
	Inches to feet: divide by 12
	Pounds to ounces: multiply by 16
	Cups to pints: divide by 2

Worked Example 1: Length
A ribbon is 4 feet long. How many inches is that?
We know:
1 foot=12 inches
Since we are going from feet to inches, we multiply:
4×12=48
So, 4 feet = 48 inches.
Worked Example 2: Weight
A bag of apples weighs 32 ounces. How many pounds is that?
We know:
16 ounces=1 pound
Since we are going from ounces to pounds, we divide:
32÷16=2
So, 32 ounces = 2 pounds.
Worked Example 3: Capacity
A pitcher holds 8 cups of lemonade. How many quarts is that?
We know:
	2 cups=1 pint
	2 pints=1 quart

First, change cups to pints:
8÷2=4
So 8 cups = 4 pints.
Next, change pints to quarts:
4÷2=2
So, 8 cups = 2 quarts.
Worked Example 4: Two-step length conversion
A playground is 2 yards long. How many inches is that?
We know:
	1 yard=3 feet
	1 foot=12 inches

First, change yards to feet:
2×3=6
So 2 yards = 6 feet.
Next, change feet to inches:
6×12=72
So, 2 yards = 72 inches.
Choosing the best unit
It is also important to choose a unit that makes sense.
	Use inches for small lengths
	Use feet or yards for medium lengths
	Use miles for long distances
	Use ounces for light objects
	Use pounds for heavier objects
	Use cups for small amounts of liquid
	Use gallons for large amounts of liquid

For example, it makes sense to measure a spoonful of liquid in cups, not gallons. It makes sense to measure the distance to another city in miles, not inches.
Common mistakes to avoid
	Do not mix up different measurement types. Length, weight, and capacity use different units.
	Remember to multiply when changing to smaller units.
	Remember to divide when changing to larger units.
	Read the conversion carefully. For example, 12 inches = 1 foot, but 16 ounces = 1 pound.

Quick reference chart
	Length: 12 inches = 1 foot, 3 feet = 1 yard, 5,280 feet = 1 mile
	Weight: 16 ounces = 1 pound, 2,000 pounds = 1 ton
	Capacity: 2 cups = 1 pint, 2 pints = 1 quart, 4 quarts = 1 gallon

[image: 📋]   Summary
The customary system uses standard U.S. units for measuring length, weight, and capacity. Each type of measurement has its own units and conversion rules. When you know how the units are connected, you can convert measurements and choose the best unit for the job.


  
  Put what you read to the test

  You've worked through Customary System Structure. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/559
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  Converting Customary Units means changing one unit of measurement into another unit in the customary system. The customary system is the measurement system often used in the United States.
When we convert customary units, we are still measuring the same amount. Only the unit name changes. For example, 1 foot and 12 inches are equal lengths.
In this lesson, you will learn how to convert between customary units by deciding whether to multiply or divide.
Main Idea:
	When you convert from a larger unit to a smaller unit, you multiply.
	When you convert from a smaller unit to a larger unit, you divide.

Think about it like this: a larger unit is made of many smaller units. So if you change 3 feet into inches, the number gets bigger because each foot has 12 inches.
Common Customary Unit Facts
Here are some important customary conversions to remember:
	Length		1 foot = 12 inches
		1 yard = 3 feet
		1 yard = 36 inches
		1 mile = 5,280 feet


	Weight		1 pound = 16 ounces


	Capacity		1 cup = 8 fluid ounces
		1 pint = 2 cups
		1 quart = 2 pints
		1 gallon = 4 quarts



It can help to organize units from largest to smallest.
Length: mile  yard  foot  inch
Capacity: gallon  quart  pint  cup  fluid ounce
Weight: pound  ounce
If you move from left to right, you are going from larger units to smaller units, so you multiply. If you move from right to left, you divide.
How to Convert Customary Units
	Read the problem carefully. Decide what unit you start with and what unit you need.
	Decide if the new unit is larger or smaller.
	Use the correct conversion fact.
	Multiply or divide.
	Write the new unit in your answer.

Worked Example 1: Larger Unit to Smaller Unit
Convert 4 feet to inches.
We know:
1 foot=12 inches
Feet are larger than inches, so we multiply.
4×12=48
So,
4 feet=48 inches
Worked Example 2: Smaller Unit to Larger Unit
Convert 36 inches to feet.
We know:
12 inches=1 foot
Inches are smaller than feet, so we divide.
36÷12=3
So,
36 inches=3 feet
Worked Example 3: Capacity Conversion
Convert 3 quarts to cups.
This conversion takes more than one step.
First, use:
1 quart=2 pints
Then use:
1 pint=2 cups
That means:
1 quart=4 cups
Now multiply:
3×4=12
So,
3 quarts=12 cups
Worked Example 4: Weight Conversion
Convert 48 ounces to pounds.
We know:
16 ounces=1 pound
Ounces are smaller than pounds, so we divide.
48÷16=3
So,
48 ounces=3 pounds
Tips for Success
	If you are going to a smaller unit, your number should get bigger.
	If you are going to a larger unit, your number should get smaller.
	Always check that your answer makes sense.
	Keep the conversion fact next to you until you memorize the common ones.

Let’s Think About Why
Suppose you have 2 yards. A yard is a large unit. Since 1 yard equals 3 feet, 2 yards must equal more units when written in feet.
2×3=6
So 2 yards equals 6 feet.
Now go backward. If you have 6 feet and want yards, you are changing from a smaller unit to a larger unit. That means divide.
6÷3=2
So 6 feet equals 2 yards.
This shows that multiplication and division can undo each other.
Common Mistakes to Avoid
	Using the wrong operation: Ask yourself, “Am I going to a smaller unit or a larger unit?”
	Forgetting the conversion fact: For example, 1 foot is 12 inches, not 10 inches.
	Leaving off the unit: Always label your answer, such as inches, feet, cups, or pounds.
	Not checking reasonableness: 5 feet cannot equal 2 inches because feet are larger than inches.

Quick Practice Ideas
Try these on your own:
	Convert 5 yards to feet.
	Convert 24 inches to feet.
	Convert 2 gallons to quarts.
	Convert 32 ounces to pounds.

You can solve them by using the steps from the lesson: identify the units, decide multiply or divide, use the conversion fact, and label the answer.
[image: 📋]   Summary
Customary units measure length, weight, and capacity. To convert from a larger customary unit to a smaller one, multiply. To convert from a smaller customary unit to a larger one, divide.
Remember the common facts, such as 1 foot = 12 inches, 1 pound = 16 ounces, and 1 gallon = 4 quarts. With practice, converting customary units becomes much easier.


  
  Put what you read to the test

  You've worked through Converting Customary Units. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/560






  [image: 📝]   Lesson 80: Elapsed Time and Time Conversions

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/602




  Elapsed Time and Time Conversions help us answer questions like: How long did something last? and How many minutes are in 3 hours?
We use time every day for school, sports, sleep, and travel. To solve time problems, we need to know the units of time and how they are connected.
In this lesson, you will learn how to:
	convert between seconds, minutes, hours, and days,
	find elapsed time from a start time to an end time,
	solve problems that cross from AM to PM or PM to AM.

1. Time Conversion Facts
These facts are important to memorize:
	1 minute = 60 seconds
	1 hour = 60 minutes
	1 day = 24 hours

You can use multiplication when changing to a smaller unit, because you are making more pieces.
For example, 2 hours is more than 2 when written in minutes, because each hour has 60 minutes.
2 hours=2×60=120 minutes
You can use division when changing to a larger unit, because you are grouping smaller pieces together.
For example, 180 minutes can be changed to hours by dividing by 60.
180 minutes=180÷60=3 hours
2. A Helpful Conversion Chart
	Seconds  Minutes  Hours  Days
	Multiply by 60 to go from minutes to seconds
	Multiply by 60 to go from hours to minutes
	Multiply by 24 to go from days to hours
	Divide to go the other way

3. How to Find Elapsed Time
Elapsed time means the amount of time that passes from the beginning of an event to the end of the event.
There are two good ways to find elapsed time:
	Count up in parts
	Convert to one unit and subtract when it is simple to do

Most 5th Grade students find counting up in parts easier.
Count up in parts:
	Start at the beginning time.
	Jump to the next hour or a friendly time.
	Keep adding jumps until you reach the end time.
	Add all the jumps together.

This is very helpful when the times are not exact hours, like 3:17 PM to 5:42 PM.
4. Remember AM and PM
	AM is the time from midnight to before noon.
	PM is the time from noon to before midnight.

Some important time points are:
	12:00 AM = midnight
	12:00 PM = noon

When a problem crosses from AM to PM, it passes through noon.
When a problem crosses from PM to AM, it passes through midnight.
Worked Example 1: Convert hours to minutes
Change 4 hours to minutes.
Since 1 hour = 60 minutes, multiply by 60.
4×60=240
So, 4 hours = 240 minutes.
Worked Example 2: Convert seconds to minutes
Change 300 seconds to minutes.
Since 60 seconds = 1 minute, divide by 60.
300÷60=5
So, 300 seconds = 5 minutes.
Worked Example 3: Find elapsed time in the same part of the day
A movie starts at 2:15 PM and ends at 4:45 PM. How long is the movie?
We count up in parts:
	From 2:15 PM to 3:15 PM = 1 hour
	From 3:15 PM to 4:15 PM = 1 hour
	From 4:15 PM to 4:45 PM = 30 minutes

Add the parts:
1 hour+1 hour+30 minutes=2 hours 30 minutes
So, the movie lasts 2 hours 30 minutes.
Worked Example 4: Find elapsed time across AM and PM
A trip begins at 10:35 AM and ends at 1:20 PM. How long is the trip?
This problem crosses from AM to PM, so it passes through noon.
Count up in parts:
	From 10:35 AM to 11:35 AM = 1 hour
	From 11:35 AM to 12:00 PM = 25 minutes
	From 12:00 PM to 1:00 PM = 1 hour
	From 1:00 PM to 1:20 PM = 20 minutes

Now add the hours and minutes:
Hours: 1+1=2
Minutes: 25+20=45
So, the trip lasts 2 hours 45 minutes.
Worked Example 5: Find elapsed time across midnight
A nurse starts work at 9:50 PM and finishes at 6:10 AM the next day. How long is the shift?
This problem crosses from PM to AM, so it passes through midnight.
Count up in parts:
	From 9:50 PM to 10:50 PM = 1 hour
	From 10:50 PM to 11:50 PM = 1 hour
	From 11:50 PM to 12:00 AM = 10 minutes
	From 12:00 AM to 6:00 AM = 6 hours
	From 6:00 AM to 6:10 AM = 10 minutes

Add the parts:
Hours: 1+1+6=8
Minutes: 10+10=20
So, the shift lasts 8 hours 20 minutes.
5. Tips for Solving Elapsed Time Problems
	Read the start time and end time carefully.
	Notice whether the times are AM or PM.
	If needed, stop at 12:00 PM (noon) or 12:00 AM (midnight).
	Use friendly jumps, like to the next hour.
	Add hours together and minutes together at the end.

6. Be Careful With These Common Mistakes
	Mistake: Using 100 instead of 60.
Remember: 1 hour = 60 minutes, not 100 minutes.
	Mistake: Mixing up AM and PM.
Remember: AM is before noon, PM is after noon.
	Mistake: Forgetting to cross noon or midnight.
Remember: Break the problem into smaller parts.
	Mistake: Subtracting the minutes incorrectly.
Remember: Counting up is often easier than subtracting clock times.

7. Practice Thinking
Try these on your own:
	How many seconds are in 7 minutes?
	How many hours are in 2 days?
	What is the elapsed time from 8:40 AM to 11:05 AM?
	What is the elapsed time from 11:30 PM to 2:15 AM?

8. Quick Check
Use what you learned:
	5 hours = how many minutes?
	480 seconds = how many minutes?
	From 3:10 PM to 6:00 PM, how much time passes?

[image: 📋]   Summary
To convert time, use the basic facts: 1 minute = 60 seconds, 1 hour = 60 minutes, and 1 day = 24 hours.
To find elapsed time, count up from the start time to the end time in easy jumps. Be extra careful when a problem crosses noon or midnight, because that means it changes from AM to PM or from PM to AM.


  
  Put what you read to the test

  You've worked through Elapsed Time and Time Conversions. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/561






  [image: 📝]   Lesson 81: Measurement Precision and Error

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/603




  Measurement Precision and Error helps us understand how exact a measurement is and how close it is to the real amount.


In everyday life, we measure many things: the length of a pencil, the weight of an apple, or how much water is in a cup. But measurements are not always perfect. The tool we use and how carefully we measure both matter.


In this lesson, you will learn what precision means, what error means, how measuring tools have limits, and how to choose the right level of accuracy for a situation.


1. What is precision?


Precision means how detailed a measurement is.


If a ruler only shows whole inches, then you can measure to the nearest inch. If a ruler has smaller marks for halves or fourths of an inch, then you can measure more precisely.


For example, suppose a book is a little longer than 8 inches.



	To the nearest inch: 8 inches

	To the nearest half inch: 8.5 inches

	To the nearest fourth inch: 8.25 inches or 8.5 inches, depending on the length




The more small marks a tool has, the more precise your measurement can be.


2. What is error?


Error is how much a measurement might be off from the exact amount.


Sometimes error happens because:


	the tool does not have very small markings,

	the object is not lined up correctly,

	the person measuring reads the tool a little wrong.




If you measure to the nearest inch, your measurement could be off by as much as about half an inch.


That means if something measures 7 inches to the nearest inch, the real length could be a little less than 7 inches or a little more than 7 inches.


We can describe that idea like this:


If a length is measured as 7 inches to the nearest inch, the actual length is about


6.5 inches to 7.5 inches

This does not mean the measurement is bad. It just means we understand the tool's limit.


3. Tool limits matter


Every measuring tool can only measure so closely.



	A yardstick with inch marks measures less precisely than a ruler with quarter-inch marks.

	A measuring cup marked in whole cups is less precise than one marked in fourth cups.

	A scale that shows only whole pounds is less precise than a scale that shows pounds and smaller parts.




When you measure, you should look at the smallest marked unit on the tool.


That tells you the level of precision the tool allows.


4. Choosing the right precision


Not every situation needs the same amount of precision.


Sometimes an estimate is enough. Sometimes you need a more exact measurement.


Here are some examples:


	If you are measuring the height of a classroom door, measuring to the nearest inch may be fine.

	If you are measuring medicine, you need much more careful measurement.

	If you are cutting wood for a project, measuring more precisely is important so the pieces fit.




So, the right precision depends on the job.


5. Rounding and measurement


When we measure, we often round to the nearest mark on the tool.


For example, if a line is between 4 inches and 5 inches and is closer to 5, then to the nearest inch we record:


5 inches

If the same line is measured with a ruler marked in half inches, we might record:


4.5 inches

The second measurement is more precise because it gives more detail.


Worked Example 1: Measuring with different precision


A ribbon is a little longer than 6 inches, about halfway to 7 inches.


Question: What is its length to the nearest inch? What is its length to the nearest half inch?


Step 1: Think about the nearest inch.


Halfway between 6 and 7 inches rounds to 7 inches.


Nearest inch: 7 inches


Step 2: Think about the nearest half inch.


Halfway between 6 and 7 inches is 6.5 inches.


Nearest half inch: 6.5 inches


Answer: The ribbon is 7 inches to the nearest inch and 6.5 inches to the nearest half inch.


This shows that measuring with smaller units gives a more precise answer.


Worked Example 2: Understanding possible error


A toy car is measured as 10 centimeters to the nearest centimeter.


Question: Between what two lengths could the actual length be?


Step 1: A measurement to the nearest centimeter can be off by about half a centimeter.


Step 2: Subtract and add 0.5.


10−0.5=9.5
10+0.5=10.5

Answer: The actual length could be from 9.5 cm to 10.5 cm.


Worked Example 3: Choosing the best tool


You need to measure the amount of juice to pour into a recipe.


You can choose:


	a cup marked only in whole cups

	a measuring cup marked in fourth cups




Question: Which tool is better if the recipe needs 1.25 cups?


Step 1: Rewrite 1.25 cups as a mixed measurement.


1.25=114

Step 2: Decide which tool can show fourths of a cup.


The measuring cup marked in fourth cups can measure 114 cups exactly.


Answer: The cup marked in fourth cups is better because it gives the needed precision.


Worked Example 4: Deciding what precision is reasonable


A student says, “The hallway is 20.137 feet long.”


Question: Does this measurement sound more precise than needed?


Step 1: Think about the tool likely used.


A hallway would probably be measured with a tape measure or yardstick, not a tool that gives thousandths of a foot.


Step 2: Think about the situation.


For a hallway, measuring to the nearest inch or nearest foot is usually enough.


Answer: Yes, 20.137 feet is probably more precise than needed. A measurement like 20 feet or about 20.1 feet may make more sense, depending on the tool.


6. Tips for careful measuring



	Start at the zero mark on the tool.

	Line up the object carefully.

	Look straight at the tool when reading it.

	Use a tool with marks small enough for the job.

	Round to the nearest marked unit if needed.




These steps help lower error and make your measurement more reliable.


7. Important ideas to remember



	Precision tells how detailed a measurement is.

	Error tells how far off a measurement might be.

	Every measuring tool has limits.

	Smaller units usually give more precise measurements.

	The best level of precision depends on the situation.




Brief Summary


Measurement precision is about how exact your measurement is. Error is the amount the measurement may differ from the true value. By choosing the right tool and measuring carefully, you can get a measurement that is precise enough for the job.


  
  Put what you read to the test

  You've worked through Measurement Precision and Error. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/562






  
    
  [image: 📖]   Chapter 11

  Data Analysis and Statistics



  [image: 📝]   Lesson 82: Statistical Questions and Data Collection

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/604




  Statistical Questions and Data Collection


In math, we sometimes ask questions so we can learn about a group. To answer these questions, we collect data. Data is information, such as numbers, choices, or counts.


But not every question is a statistical question. A statistical question is a question that expects different answers from different people or objects in a group.


For example, if you ask, “How many letters are in the word cat?” there is only one answer: 3. That is not a statistical question.


If you ask, “How many letters are in each student’s first name in our class?” the answers will probably be different. Some students may have 3 letters, some 5, and some 7. That is a statistical question.


When we ask a statistical question, we usually need to collect data from a group. Then we can study the answers to look for patterns, compare results, and understand what is typical.


What makes a question statistical?



  	It is about a group, not just one person or one thing.

  	It expects variation, which means the answers can be different.

  	It can be answered by collecting data.




Examples of statistical questions:



  	How many books did students in our class read last month?

  	What is the favorite fruit of students in 5th grade?

  	How many minutes do students at our school spend reading each night?




Examples of non-statistical questions:



  	How old is Maria?

  	What is the color of our classroom door?

  	How many days are in a week?




These are not statistical questions because they ask for one answer, not a set of different answers.


Understanding variation


Variation means the data values are not all the same. In real life, people and objects are often different in some way.


For example, if you ask, “How tall are the students in our class?” you should expect different heights. That difference is variation.


Variation is important because it helps us know that a question is statistical. If all answers must be the same, then the question is not statistical.


Collecting data


After writing a statistical question, the next step is to collect data carefully. Good data collection helps us get useful answers.


There are different ways to collect data:



  	Survey: asking people questions and recording their answers.

  	Count: finding how many of each kind there are.

  	Measure: finding length, height, time, or weight.

  	Observe: watching and recording what happens.




Steps for collecting data



  	Write a clear statistical question.

  	Decide who or what you will collect data from.

  	Choose a fair way to gather the data.

  	Record the data carefully.

  	Check that your data matches the question.




Who should you ask?


The group you want to learn about is called a population. For example, if you want to know about all 5th grade students in your school, then all 5th grade students are the population.


Sometimes it is hard to ask everyone in a population. Instead, we ask a smaller group called a sample.


A sample should represent the larger group fairly. That means it should not include only one type of student if the whole group is more mixed.


Random sampling


One fair way to choose a sample is random sampling. Random means every person in the group has an equal chance of being chosen.


For example, if there are 100 students in 5th grade, you could put all 100 names in a box and draw 20 names without looking. That is a random sample.


Random sampling helps make the data more fair because you are not just choosing your friends or the students sitting nearest to you.


Why fair data matters


If you only survey one small part of a group, your results may not match the whole group.


For example, suppose you ask, “What is the favorite school lunch of 5th graders?” If you only ask students in one classroom, your answers may not represent all 5th graders.


If you ask students from several classes using random sampling, your data will likely be more useful.


Writing good survey questions


A good survey question should be clear and easy to understand. It should match exactly what you want to learn.


Here are some tips:



  	Use simple words.

  	Ask only one thing at a time.

  	Do not make the question confusing.

  	Make sure the answers can vary.




For example, “What is your favorite recess game?” is a clear question. But “Do you like fun games at recess and lunch?” is harder to answer because it asks about more than one time.


Worked Example 1: Is it statistical?


Question: “How many siblings does each student in our class have?”


Step 1: Is it about a group? Yes, it is about students in our class.


Step 2: Will the answers vary? Yes. Some students may have 0 siblings, some 1, some 2, and some more.


Step 3: Can data be collected? Yes, we can ask each student and record the answers.


Answer: This is a statistical question.


Now look at this question: “How many siblings does Ava have?”


This asks about one person and expects one answer. It is not a statistical question.


Worked Example 2: Choosing a good sample


Question: “What is the favorite sport of 5th graders at our school?”


You want to learn about all 5th graders, so the population is all 5th grade students at the school.


Suppose there are 90 students in 5th grade. Asking all 90 students would be best, but if that is not possible, you can use a sample.


A fair sample might be 18 students chosen randomly.


One way to do this:



  	Write each student’s name on a slip of paper.

  	Put all 90 slips in a container.

  	Mix them well.

  	Draw 18 names without looking.




This is better than asking only your friends, because your friends may like the same sports you do.


Worked Example 3: Collecting and recording data


Question: “How many minutes do students in our class read at home each night?”


This is a statistical question because the answers will probably vary.


Suppose you survey 8 students and get these answers in minutes:


15, 20, 30, 20, 10, 25, 30, 15


This list is your data. Each number is one data value.


You can organize the data in a table:



  	10 minutes: 1 student

  	15 minutes: 2 students

  	20 minutes: 2 students

  	25 minutes: 1 student

  	30 minutes: 2 students




Notice the data has variation. The reading time is not the same for everyone.


Worked Example 4: Fixing a weak question


Weak question: “Do you like school?”


This question may be too general. Different students might think about different parts of school, such as math, lunch, or recess.


A better question is: “What is your favorite subject in school?”


This new question is clearer. It is also statistical because different students may choose different subjects.


Another better question could be: “How many minutes of homework do 5th grade students have on a typical school night?”


This question is also statistical because the answers can vary.


Common mistakes to watch for



  	Asking about only one person: That usually makes it non-statistical.

  	Writing a question with only one answer: If there is no variation, it is not statistical.

  	Choosing an unfair sample: Asking only one small group can give biased results.

  	Recording data carelessly: Missing or mixed-up answers can lead to mistakes.




How to check your own work


When you write a question, ask yourself:



  	Am I asking about a group?

  	Will the answers probably be different?

  	Can I collect data to answer it?




When you collect data, ask yourself:



  	Did I choose people fairly?

  	Did I record each answer correctly?

  	Does my data match the question I asked?




[image: 📋]   Summary


A statistical question is a question about a group that expects different answers. Those differences are called variation.


To answer a statistical question, we collect data by surveying, counting, measuring, or observing. If we cannot ask everyone, we can use a sample.


A random sample is a fair way to choose people because everyone has the same chance of being selected. Good questions and fair data collection help us learn true information about a group.


  
  Put what you read to the test

  You've worked through Statistical Questions and Data Collection. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/563






  [image: 📝]   Lesson 83: Frequency Tables and Dot Plots
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  Frequency Tables and Dot Plots


When we collect data, we often end up with a long list of numbers. A frequency table helps us organize the numbers. A dot plot helps us show the numbers on a number line so we can look for patterns.


In this lesson, you will learn how to:


  	organize data in a frequency table,

  	make a dot plot from a set of data,

  	read a dot plot, and

  	find clusters and gaps in the data.




1. What is data?


Data is information we collect. For example, data could be test scores, number of books read, or the number of minutes students read each night.


Here is a set of data showing how many books 12 students read in one month:

2, 4, 3, 2, 5, 4, 2, 3, 6, 4, 3, 2


This list is called raw data because it has not been organized yet.


2. What is a frequency table?


A frequency table shows each value in the data and tells how many times it appears. The word frequency means how often.


To make a frequency table:


  	List the numbers in order from least to greatest.

  	Count how many times each number appears.

  	Write that count next to the number.




Worked Example 1: Make a frequency table

Data: 2, 4, 3, 2, 5, 4, 2, 3, 6, 4, 3, 2


Step 1: List the values in order: 2, 3, 4, 5, 6

Step 2: Count each value:


  	2 appears 4 times

  	3 appears 3 times

  	4 appears 3 times

  	5 appears 1 time

  	6 appears 1 time




The frequency table is:


2: 4

3: 3

4: 3

5: 1

6: 1



You can also check your work by adding the frequencies:

4+3+3+1+1=12

There are 12 data values, so the table matches the data.


3. What is a dot plot?


A dot plot shows data on a number line. Each dot stands for one piece of data. If a number appears more than once, the dots are stacked above that number.


To make a dot plot:


  	Draw a number line that includes all the data values.

  	Put one dot above a number for each time it appears.

  	Stack dots neatly if there is more than one.




Worked Example 2: Make a dot plot from the frequency table

Use the same data:

2: 4, 3: 3, 4: 3, 5: 1, 6: 1


This dot plot would have:


  	4 dots above 2

  	3 dots above 3

  	3 dots above 4

  	1 dot above 5

  	1 dot above 6




It can look like this:


6 | 

5 | 

4 | [image: ●]

3 | [image: ●] [image: ●]

2 | [image: ●] [image: ●] [image: ●]

1 | [image: ●] [image: ●] [image: ●] [image: ●] [image: ●]

   2 3 4 5 6



The important idea is that each dot means one data value.


4. How do frequency tables and dot plots help?


Both tools help us see data clearly.


  	A frequency table makes counting easy.

  	A dot plot makes patterns easy to see.




When reading a dot plot, look for:


  	Most common values: numbers with the most dots

  	Clusters: a group of data points close together

  	Gaps: places on the number line with no data

  	Least and greatest values: the smallest and largest numbers in the data




5. What are clusters and gaps?


A cluster is a group of data values that are close together. This shows where much of the data is found.


A gap is a value or set of values with no data. On a dot plot, there are no dots above those numbers.


Worked Example 3: Find clusters and gaps

Here is a new set of data showing the number of minutes students practiced piano:

10, 12, 12, 13, 14, 14, 15, 20, 20, 21


First, make the frequency table:


10: 1

11: 0

12: 2

13: 1

14: 2

15: 1

16: 0

17: 0

18: 0

19: 0

20: 2

21: 1



Now think about the dot plot. There would be many dots from 10 to 15, no dots from 16 to 19, and then dots again at 20 and 21.


What do we notice?


  	There is a cluster from 10 to 15.

  	There is a gap from 16 to 19.

  	There is another small group at 20 and 21.




This tells us most students practiced between 10 and 15 minutes, and nobody practiced 16, 17, 18, or 19 minutes.


6. Reading information from a dot plot


You can answer questions by counting dots.


For example, if a dot plot shows 3 dots above 8, then 3 data values are equal to 8.


If the leftmost dot is above 2 and the rightmost dot is above 9, then:


  	the least value is 2,

  	the greatest value is 9.




Worked Example 4: Answer questions from a frequency table and dot plot

Data: 1, 2, 2, 3, 3, 3, 5, 5, 6


Frequency table:


1: 1

2: 2

3: 3

4: 0

5: 2

6: 1



Questions:


  	How many times does 3 appear? It appears 3 times.

  	What is the least value? The least value is 1.

  	What is the greatest value? The greatest value is 6.

  	Is there a gap? Yes. There is a gap at 4 because there are 0 data values of 4.

  	Where is the cluster? The data is clustered around 2, 3, and 5, especially near 2 and 3.




7. Tips for making good frequency tables and dot plots


  	Write the data values in order.

  	Count carefully so no value is missed.

  	Make sure each dot stands for only one data value.

  	Stack dots straight up and down.

  	Include values with 0 frequency if they help show a gap.

  	Check that the total number of dots equals the total number of data values.




8. Common mistakes to avoid


  	Skipping a number on the number line

  	Putting two data values in one dot

  	Miscounting how many times a number appears

  	Forgetting gaps because numbers with 0 frequency were not noticed




9. Let’s review the steps


When you are given raw data:


  	Put the numbers in order.

  	Make a frequency table by counting each number.

  	Draw a number line.

  	Use dots to show the frequency of each value.

  	Look for clusters, gaps, and values that appear most often.




[image: 📋]   Summary


A frequency table tells how many times each number appears in a data set. A dot plot shows the same data on a number line using dots.


These tools help us organize data and see patterns. We can use them to find the least and greatest values, the most common values, clusters, and gaps.


If you can count each value carefully and place the correct number of dots above each number, you can read and make frequency tables and dot plots successfully.


  
  Put what you read to the test

  You've worked through Frequency Tables and Dot Plots. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/564






  [image: 📝]   Lesson 84: Bar Graphs and Histograms
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  Bar Graphs and Histograms are both ways to show data so it is easy to understand. They help us look for patterns, compare amounts, and answer questions about information.
Even though bar graphs and histograms may look similar, they are used for different kinds of data. Learning when to use each one is very important.
In this lesson, you will learn:
	what a bar graph is
	what a histogram is
	how they are alike
	how they are different
	how to read and make each type of graph

1. What is a Bar Graph?
A bar graph shows data in separate groups or categories. The bars tell how many are in each category.
For example, if students vote for their favorite fruit, the categories might be apples, bananas, grapes, and oranges. These are names of groups, not number ranges.
In a bar graph:
	each bar stands for one category
	the height or length of the bar shows the amount
	the bars are separated by spaces

The spaces matter because the categories are separate. Apples and bananas are different groups, so their bars do not touch.
Parts of a Bar Graph
	Title: tells what the graph is about
	Categories: the groups being compared
	Scale: the numbers that show how much each bar is worth
	Bars: the rectangles that show the data

Example 1: Reading a Bar Graph
A class voted for their favorite recess game.
	Soccer: 8
	Tag: 5
	Jump Rope: 3
	Basketball: 6

If we make a bar graph, each game is a category. The height of each bar shows how many students chose it.
Questions:
	Which game is the most popular?
	How many more students chose Soccer than Jump Rope?

Solution:
	Soccer is the most popular because its bar is tallest at 8.
	Find the difference: 8−3=5 So, 5 more students chose Soccer than Jump Rope.

2. What is a Histogram?
A histogram shows numerical data that has been grouped into intervals, often called bins. A bin is a range of numbers.
For example, instead of favorite fruits, we might record the heights of plants in centimeters. Since heights are numbers that can vary across a range, we group them into bins like 0–9, 10–19, 20–29, and so on.
In a histogram:
	the data is numerical
	the numbers are grouped into ranges
	the bars usually touch

The bars touch because the number ranges are connected. For example, 10–19 comes right before 20–29, so the data moves along a number line without gaps.
Parts of a Histogram
	Title: tells what the graph is about
	Bins: number ranges such as 0–4, 5–9, or 10–14
	Scale: shows frequency, or how many data values are in each bin
	Bars: show how many values fall in each range

Important Word: Frequency
Frequency means how many times something happens or how many data values are in a group.
If 4 test scores fall in the range 80–89, then the frequency of the 80–89 bin is 4.
Example 2: Reading a Histogram
A teacher records the number of minutes students read in one week. The data is grouped like this:
	0–9 minutes: 2 students
	10–19 minutes: 5 students
	20–29 minutes: 7 students
	30–39 minutes: 4 students

Questions:
	Which bin has the greatest frequency?
	How many students read less than 20 minutes?

Solution:
	The 20–29 minutes bin has the greatest frequency because 7 students are in that range.
	Less than 20 minutes means the first two bins: 0–9 and 10–19. Add them: 2+5=7 So, 7 students read less than 20 minutes.

3. Bar Graph vs. Histogram
These graphs may look alike, but they are not the same.
	A bar graph is used for categories.
	A histogram is used for number ranges.

Main Differences
	Bar graph: bars have spaces between them.
	Histogram: bars usually touch.
	Bar graph: compares categories like colors, pets, or foods.
	Histogram: shows how many data values fall into ranges like 0–5, 6–10, or 11–15.

When to Use Each One
	Use a bar graph when the data answers, “Which group?”
	Use a histogram when the data answers, “How many values fall in this number range?”

4. How to Make a Bar Graph
	Write a title.
	Label the categories on one axis.
	Label the numbers on the other axis using a scale.
	Draw one bar for each category.
	Make sure the bars are the correct height or length.
	Leave spaces between the bars.

Example 3: Making a Bar Graph
Here is data about pets owned by students:
	Dogs: 6
	Cats: 4
	Fish: 3
	Birds: 2

To make a bar graph:
	Use the title Pets Owned by Students.
	Put the pet categories on the bottom.
	Use a number scale on the side, such as 0 to 6.
	Draw bars up to the correct values: Dogs to 6, Cats to 4, Fish to 3, Birds to 2.

What can we learn?
	Dogs are the most common pet.
	Birds are the least common pet.
	There are 6−4=2 more dogs than cats.

5. How to Make a Histogram
	Write a title.
	Look at the numerical data.
	Choose bins, or number ranges.
	Count how many data values fall into each bin.
	Label the bins on the horizontal axis.
	Label the frequency on the vertical axis.
	Draw bars that touch.

Example 4: Making a Histogram
The numbers of pages read by 12 students are:
3, 7, 8, 12, 14, 15, 16, 21, 22, 24, 27, 29
Let’s group them into bins:
	0–9
	10–19
	20–29

Now count the values in each bin.
Step 1: Count 0–9
The numbers are 3, 7, 8. That is 3 values.
Step 2: Count 10–19
The numbers are 12, 14, 15, 16. That is 4 values.
Step 3: Count 20–29
The numbers are 21, 22, 24, 27, 29. That is 5 values.
So the frequencies are:
	0–9: 3
	10–19: 4
	20–29: 5

In the histogram, the bars for these bins would touch each other.
What can we learn?
	The 20–29 bin has the most students.
	The fewest students are in the 0–9 bin.
	More students read 20 or more pages than less than 20 pages.

6. Tips for Reading Graphs Carefully
	Always read the title.
	Check what the labels mean.
	Look at the scale on the side.
	Notice whether the graph uses categories or number ranges.
	Check whether the bars have spaces or touch.

7. Common Mistakes to Avoid
	Using a bar graph for number ranges instead of a histogram
	Forgetting spaces between bars in a bar graph
	Leaving spaces between bars in a histogram
	Reading the scale incorrectly
	Counting values into the wrong bin

8. Quick Check
Decide whether each situation should use a bar graph or a histogram.
	Favorite ice cream flavors in a class
	Heights of plants grouped into ranges
	Kinds of pets students own
	Test scores grouped as 60–69, 70–79, 80–89, 90–99

Answers:
	Bar graph
	Histogram
	Bar graph
	Histogram

[image: 📋]   Summary
A bar graph is used to compare categories, and its bars have spaces between them. A histogram is used to show numerical data grouped into bins, and its bars usually touch.
Both graphs help us organize data and see patterns. If you remember to ask, “Are these categories or number ranges?” you can choose the correct graph.


  
  Put what you read to the test

  You've worked through Bar Graphs and Histograms. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/565






  [image: 📝]   Lesson 85: Line Graphs and Trends

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/607




  Line Graphs and Trends
A line graph is a graph that shows how something changes over time. It helps us see patterns in data quickly. We use points to show the data, and then we connect the points with line segments.
Line graphs are especially useful when data is collected in order, such as by day, week, month, or year. For example, a line graph can show temperature during a week, the number of books read each month, or the distance walked each day.
When we study a line graph, we look for trends. A trend is the general direction the data is moving.
	An upward trend means the data is generally increasing.
	A downward trend means the data is generally decreasing.
	If the graph goes up and down without a clear direction, the data has mixed changes.
	If the graph stays about the same, it shows little or no change.

Parts of a Line Graph
A line graph usually has these important parts:
	Title: tells what the graph is about.
	Horizontal axis (x-axis): usually shows time, such as days or months.
	Vertical axis (y-axis): shows what is being measured, such as inches of rain or number of visitors.
	Scale: the numbers on each axis. The scale must be counted evenly.
	Points and line segments: show the data and connect it in order.

To read a line graph correctly, first read the title. Next, check what each axis means. Then look at the scale, because each mark may stand for 1, 2, 5, 10, or another amount.
How to Make a Line Graph
	Write a title that tells what the data shows.
	Draw a horizontal axis and a vertical axis.
	Label the horizontal axis with time.
	Label the vertical axis with the thing being measured.
	Choose a scale that fits the data.
	Plot each data point in the correct place.
	Connect the points in order with line segments.

Understanding Trends
A trend tells us what is happening overall. We do not only look at one point. We look at many points together.
If the points move from lower to higher values over time, the graph shows an upward trend. If the points move from higher to lower values over time, the graph shows a downward trend.
Sometimes a graph goes up for a while and then down. That means the trend changes. It is important to notice where the changes happen.
Rate of Change
Rate of change tells how much a value changes from one time to the next. To find it, subtract the earlier amount from the later amount.
We can write this as:
change=later value−earlier value
If the answer is positive, the data increased. If the answer is negative, the data decreased.
For example, if a plant was 8 inches tall on Monday and 11 inches tall on Tuesday, the change is:
11−8=3
The plant grew 3 inches.
If the temperature was 72 degrees on Wednesday and 68 degrees on Thursday, the change is:
68−72=−4
The temperature went down by 4 degrees.
Worked Example 1: Reading a Simple Line Graph
A student records the number of pages read each day.
	Monday: 10 pages
	Tuesday: 15 pages
	Wednesday: 20 pages
	Thursday: 18 pages
	Friday: 25 pages

What trend do you see?
From Monday to Wednesday, the number of pages increases from 10 to 20. From Wednesday to Thursday, it drops from 20 to 18. Then it rises again to 25 on Friday.
This graph shows a mostly upward trend, even though there is a small drop on Thursday.
Worked Example 2: Finding the Change Between Two Points
A line graph shows the number of cups of water a class drank during sports week.
	Day 1: 12 cups
	Day 2: 14 cups
	Day 3: 14 cups
	Day 4: 17 cups
	Day 5: 13 cups

How much did the number of cups change from Day 1 to Day 4?
Use subtraction:
17−12=5
The class drank 5 more cups on Day 4 than on Day 1.
What happened from Day 4 to Day 5?
13−17=−4
The number of cups decreased by 4.
Worked Example 3: Making a Line Graph
Suppose a gardener measures a sunflower every week.
	Week 1: 4 cm
	Week 2: 7 cm
	Week 3: 9 cm
	Week 4: 12 cm

Step 1: Title the graph: Sunflower Height Each Week.
Step 2: Put weeks on the horizontal axis.
Step 3: Put height in centimeters on the vertical axis.
Step 4: Plot the points: (1,4), (2,7), (3,9), and (4,12).
Step 5: Connect the points in order.
What trend does the graph show?
The graph goes upward the whole time. This shows an upward trend. The sunflower is growing each week.
What is the change from Week 3 to Week 4?
12−9=3
The sunflower grew 3 cm from Week 3 to Week 4.
Worked Example 4: Looking for Bigger and Smaller Changes
A line graph shows the number of minutes a child practiced piano.
	Monday: 20 minutes
	Tuesday: 25 minutes
	Wednesday: 35 minutes
	Thursday: 30 minutes
	Friday: 40 minutes

What is the greatest increase?
Find the change each day:
	Tuesday minus Monday: 25−20=5
	Wednesday minus Tuesday: 35−25=10
	Thursday minus Wednesday: 30−35=−5
	Friday minus Thursday: 40−30=10

The greatest increase is 10 minutes. It happens from Tuesday to Wednesday and again from Thursday to Friday.
What is the overall trend?
The data starts at 20 minutes and ends at 40 minutes. Even though there is a drop on Thursday, the graph shows a general upward trend.
Tips for Reading Line Graphs Carefully
	Always read the title first.
	Check the labels on both axes.
	Look at the scale before reading values.
	Follow the points from left to right because time moves in order.
	Notice where the graph rises, falls, or stays flat.
	Compare points to find how much the data changed.

Common Mistakes to Avoid
	Reading the wrong scale on the vertical axis.
	Forgetting to plot points in time order.
	Connecting points that are out of order.
	Looking at only one point instead of the whole graph when finding a trend.
	Mixing up an increase and a decrease when subtracting.

Quick Check
Imagine a line graph shows these temperatures during a week:
	Monday: 60
	Tuesday: 62
	Wednesday: 65
	Thursday: 63
	Friday: 68

Ask yourself:
	Is the trend mostly upward or downward?
	How much did the temperature change from Monday to Friday?

The trend is mostly upward.
The change from Monday to Friday is:
68−60=8
The temperature increased by 8 degrees.
[image: 📋]   Summary
A line graph shows how data changes over time. It has a title, two labeled axes, a scale, and connected points.
We use line graphs to find trends. An upward trend means the data is increasing, and a downward trend means it is decreasing.
We can also find how much the data changes between two points by subtracting the earlier value from the later value. When you read a line graph carefully, you can understand patterns and changes in data.


  
  Put what you read to the test

  You've worked through Line Graphs and Trends. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/566






  [image: 📝]   Lesson 86: Measures of Center: Mean, Median, and Mode

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/608




  Measures of Center: Mean, Median, and Mode


When we collect data, we often want to describe what value is the most typical or central. Measures of center help us do that.


The three most common measures of center are mean, median, and mode. Each one tells us something a little different about a set of numbers.


In this lesson, you will learn what mean, median, and mode are, how to find each one, and when each one is useful.


1. What is a data set?


A data set is just a group of numbers collected together. For example, these could be the number of books students read in a month:


2,4,4,5,7


We can use this data set to find the mean, median, and mode.


2. Mean


The mean is the average. Another way to think about the mean is the fair share.


To find the mean:


  	Add all the numbers in the data set.

  	Divide by how many numbers there are.




The formula is:


Mean=sum of all valuesnumber of values


Example 1: Finding the mean


Find the mean of 3,5,7,9.


Step 1: Add the numbers.

3+5+7+9=24


Step 2: Count how many numbers there are.

There are 4 numbers.


Step 3: Divide.

244=6


Answer: The mean is 6.


This means if the total 24 were shared equally among 4 numbers, each would be 6.


3. Median


The median is the middle number in a data set when the numbers are put in order from least to greatest.


To find the median:


  	First, put the numbers in order.

  	Find the middle number.




If there is an odd number of values, there is one middle number.


If there is an even number of values, there are two middle numbers. Add those two numbers and divide by 2.


Example 2: Finding the median with an odd number of values


Find the median of 8,3,5,1,6.


Step 1: Put the numbers in order.

1,3,5,6,8


Step 2: Find the middle number.


The middle number is 5.


Answer: The median is 5.


Example 3: Finding the median with an even number of values


Find the median of 2,4,6,8.


Step 1: The numbers are already in order.

2,4,6,8


Step 2: Find the two middle numbers.

The two middle numbers are 4 and 6.


Step 3: Find their average.

4+62=102=5


Answer: The median is 5.


4. Mode


The mode is the number that appears the most often.


To find the mode:


  	Look at the data set.

  	Count how many times each number appears.

  	The number that appears the most is the mode.




Example 4: Finding the mode


Find the mode of 4,2,4,6,4,7,2.


Count how often each number appears:


  	2 appears 2 times

  	4 appears 3 times

  	6 appears 1 time

  	7 appears 1 time




Answer: The mode is 4 because it appears the most often.


5. A data set can have different kinds of mode


Sometimes a data set has:


  	One mode: one number appears most often.

  	More than one mode: two or more numbers tie for appearing most often.

  	No mode: no number repeats.




Example of more than one mode:

1,2,2,3,3,4

Both 2 and 3 appear 2 times, so both are modes.


Example of no mode:

5,6,7,8

Each number appears only once, so there is no mode.


6. Finding all three measures together


Now let’s find the mean, median, and mode for one data set.


Data set: 2,3,3,5,7


Mean:

Add the numbers:

2+3+3+5+7=20

There are 5 numbers.

205=4

The mean is 4.


Median:

The numbers are already in order:

2,3,3,5,7

The middle number is 3.

The median is 3.


Mode:

The number 3 appears 2 times. The other numbers appear 1 time.

The mode is 3.


So for this data set:


  	Mean = 4

  	Median = 3

  	Mode = 3




7. Helpful tips



  	Mean: add, then divide.

  	Median: put numbers in order first.

  	Mode: look for the number used most.




A very common mistake is forgetting to put the numbers in order before finding the median.


Another common mistake is mixing up mean and median. Remember:


  	Mean uses all the numbers in the calculation.

  	Median is just the middle number.

  	Mode is the number that shows up the most.




8. When are these useful?


Measures of center help us describe data quickly.



  	A teacher might find the mean test score of a class.

  	A coach might look at the median number of points scored.

  	A store might find the mode shoe size sold most often.




Each measure gives a different way to understand the center of the data.


[image: 📋]   Summary


The mean is the average, found by adding all the numbers and dividing by how many numbers there are.


The median is the middle number when the data is in order.


The mode is the number that appears most often.


When you see a data set, ask yourself:


  	Do I need the fair share? Find the mean.

  	Do I need the middle value? Find the median.

  	Do I need the most common value? Find the mode.




With practice, you will be able to find all three measures of center with confidence.


  
  Put what you read to the test

  You've worked through Measures of Center: Mean, Median, and Mode. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/567






  [image: 📝]   Lesson 87: Measures of Variability: Range

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/609




  Measures of Variability: Range


When we collect data, we often want to know more than just the numbers in the list. We want to understand how the data is spread out.


One simple way to measure how spread out a set of data is called the range.


The range tells us the difference between the greatest value and the least value in a data set.


We can write it like this:


Range=greatest value−least value


This means you find the biggest number, find the smallest number, and subtract.


Why is range useful?


Range helps us understand whether the data values are close together or far apart.



  	If the range is small, the data values are closer together.

  	If the range is large, the data values are more spread out.




For example, look at these two sets of scores:


Set A: 8, 9, 9, 10, 10

Set B: 2, 5, 9, 12, 15


Both sets have numbers, but Set B is spread out much more. The range helps us see that clearly.


Steps for finding the range



  	Look at the data set.

  	Find the least value.

  	Find the greatest value.

  	Subtract: greatest value minus least value.




You do not add all the numbers. You do not use every number in the subtraction. You only use the smallest and largest values.


Worked Example 1


Find the range of: 3, 5, 6, 8, 10


Step 1: Find the least value. It is 3.

Step 2: Find the greatest value. It is 10.

Step 3: Subtract.


10−3=7


Answer: The range is 7.


Worked Example 2


Find the range of: 12, 7, 15, 9, 7, 11


The numbers are not in order, and that is okay. You can still find the least and greatest values.


Least value: 7

Greatest value: 15


15−7=8


Answer: The range is 8.


It can help to put the data in order first:


7, 7, 9, 11, 12, 15


Now it is easier to see the smallest and largest numbers.


Worked Example 3


A class measured the lengths of worms in centimeters: 4, 6, 5, 9, 7, 4, 8


Find the range.


Least value: 4

Greatest value: 9


9−4=5


Answer: The range is 5 centimeters.


Since the data is about length, the range should also use the same unit: centimeters.


Worked Example 4


The temperatures over five days were 68, 72, 70, 75, 71 degrees.


Find the range.


Least value: 68

Greatest value: 75


75−68=7


Answer: The range is 7 degrees.


What range tells us about data


Let’s compare two data sets:


Set 1: 20, 21, 20, 22, 21

Set 2: 10, 15, 20, 25, 30


For Set 1:

22−20=2


For Set 2:

30−10=20


Set 1 has a range of 2, so the numbers are close together.

Set 2 has a range of 20, so the numbers are much more spread out.


This is why range is called a measure of variability. It measures how much the data varies, or changes, from the smallest value to the largest value.


Common mistakes to avoid



  	Do not subtract in the wrong order. Always do greatest minus least.

  	Do not use the middle numbers. Only the smallest and largest values are needed.

  	Do not confuse range with how many numbers there are. Range is about spread, not counting.

  	Do not forget the unit when the data has one, like inches, centimeters, or degrees.




Quick Practice


Try these on your own:



  	5, 9, 12, 6, 8

  	14, 14, 14, 14

  	3, 11, 7, 19, 5




Answers:


1. Least is 5, greatest is 12, so 12−5=7

2. Least is 14, greatest is 14, so 14−14=0

3. Least is 3, greatest is 19, so 19−3=16


If all the numbers are the same, the range is 0 because there is no difference between the smallest and largest values.


[image: 📋]   Summary


The range is a way to describe how spread out a data set is.


To find the range:


Range=greatest value−least value


Remember: find the biggest number, find the smallest number, and subtract. A small range means the data is close together. A large range means the data is more spread out.


  
  Put what you read to the test

  You've worked through Measures of Variability: Range. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/568






  [image: 📝]   Lesson 88: Outliers and Data Skew

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/610




  Outliers and Data Skew are important ideas in data analysis. They help us understand when a data set has a value that is very different from the rest, and how that unusual value can change what the “average” looks like.


In this lesson, you will learn how to:


	find an outlier,

	tell how an outlier changes the mean,

	see why the median is often less affected,

	and notice when data is skewed, or pulled to one side.




Let’s start with a quick review.


The mean is the sum of all the numbers divided by how many numbers there are.


mean=sum of data valuesnumber of data values


The median is the middle number when the data is put in order from least to greatest.


If there are 2 middle numbers, the median is the number halfway between them.


An outlier is a value that is much bigger or much smaller than the other values in the data set.


For example, in the set 4,5,5,6,5,40, the number 40 is far away from the other numbers. That makes it an outlier.


Why do outliers matter?


Outliers can change the mean a lot because the mean uses every number in the set.


The median often changes very little, because it depends on the middle value, not how far away the biggest or smallest number is.


This is why outliers can make a data set look different than it really is if we only look at the mean.


What does skew mean?


When a data set is skewed, it is pulled more to one side than the other.



	If there is a very large outlier, the data may be pulled to the right.

	If there is a very small outlier, the data may be pulled to the left.




You can think of skew as a “stretch” in one direction because of unusual values.


How to spot an outlier



	Put the numbers in order from least to greatest.

	Look for a number that is far from the rest.

	Ask: Does this value seem much smaller or much larger than all the others?

	If yes, it may be an outlier.




You do not need a special formula in 5th grade. Use careful thinking and compare the values.


Worked Example 1: Finding an outlier


A class measured the number of books read in one month:


2,3,3,4,4,5,18


First, look at the numbers. Most of them are between 2 and 5.


The number 18 is much greater than the rest.


So, 18 is an outlier.


This data set may be skewed to the right because of the large value 18.


Worked Example 2: How an outlier affects the mean and median


Suppose these are the quiz scores of 5 students:


80,82,83,85,84


First, put them in order:


80,82,83,84,85


Find the mean:


80+82+83+84+85=414

mean=4145=82.8


Find the median. The middle number is 83.


So before any outlier:


	Mean = 82.8

	Median = 83




Now imagine one score was written wrong as 30 instead of 80.


The new data set is:


30,82,83,84,85


Find the new mean:


30+82+83+84+85=364

mean=3645=72.8


Find the new median. The middle number is still 83.


So after the outlier:


	Mean = 72.8

	Median = 83




What happened?


The mean dropped from 82.8 to 72.8. That is a big change.


The median stayed at 83. It did not change at all.


This shows that outliers affect the mean more than the median.


Worked Example 3: A small outlier


Here are the times, in minutes, that 6 students spent finishing a puzzle:


9,10,10,11,12,40


Most times are between 9 and 12, but 40 is much larger.


So 40 is an outlier.


Find the mean:


9+10+10+11+12+40=92

mean=926≈15.3


To find the median, the data is already in order:


9,10,10,11,12,40


There are 6 numbers, so find the two middle numbers: 10 and 11.


The median is halfway between them:


10+112=10.5


So:


	Mean ≈15.3

	Median = 10.5




The mean is much higher than the median because the outlier 40 pulled it upward.


This is another sign that the data is skewed to the right.


Worked Example 4: Comparing two data sets


Data Set A:

6,7,7,8,8,9


Data Set B:

6,7,7,8,8,20


Let’s compare them.


Data Set A

Sum:

6+7+7+8+8+9=45

Mean:

456=7.5


Median: the middle two numbers are 7 and 8.

7+82=7.5


So for Data Set A:


	Mean = 7.5

	Median = 7.5




Data Set B

Sum:

6+7+7+8+8+20=56

Mean:

566≈9.3


Median: the middle two numbers are still 7 and 8.

7+82=7.5


So for Data Set B:


	Mean ≈9.3

	Median = 7.5




What do we notice?


Data Set B has an outlier, 20, and it makes the mean larger.


The median stays the same.


Again, the outlier affects the mean more than the median.


Mean or median: which is better?


When there are no outliers, the mean and median may both do a good job describing the center of the data.


When there is an outlier, the median is often a better way to describe the center, because it is not pulled as much by one unusual number.


For example, if most students read about 3 or 4 books, but one student read 18 books, the median gives a better picture of what is normal for the class.


Clues that data may be skewed



	One number is much bigger or smaller than the others.

	The mean and median are far apart.

	The data seems stretched more on one side.




If the large values stretch out farther, the data is skewed right.

If the small values stretch out farther, the data is skewed left.


Let’s practice thinking


Suppose the data set is 4,5,5,6,6,25.



	Is there an outlier? Yes, 25.

	Will the mean or median be affected more? The mean.

	Will the data be skewed left or right? Right, because of the large value.




Now suppose the data set is 1,8,8,9,9,10.



	Is there an outlier? Yes, 1.

	Will the mean or median be affected more? The mean.

	Will the data be skewed left or right? Left, because of the small value.




Important ideas to remember



	An outlier is a value far away from the rest of the data.

	Outliers can change the mean a lot.

	Outliers usually change the median less.

	A large outlier can make data skew right.

	A small outlier can make data skew left.




[image: 📋]   Summary


When you study data, do not just find the mean and median. Also look for values that seem very different from the rest.


If there is an outlier, the mean may not show the center very well because it gets pulled toward that unusual value.


The median is often more reliable when outliers are present. Looking for outliers and skew helps you understand what the data is really saying.


  
  Put what you read to the test

  You've worked through Outliers and Data Skew. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/569






  [image: 📝]   Lesson 89: Analyzing Line Plot Clusters

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/250




  Analyzing Line Plot Clusters


A line plot is a graph that shows data using marks above a number line. Each mark stands for one thing counted.


When we look at a line plot, we do more than count. We can also notice where the data is grouped together. A group of data values close to each other is called a cluster.


In this lesson, you will learn how to find clusters, notice values that are far away from the others, and tell which measurement happens most often.


What to look for on a line plot



  	Cluster: a group of marks close together

  	Most common measurement: the value with the most marks above it

  	Outlier: a value far away from most of the data




Think of a line plot like a row of houses. If many marks live close together, that area is a cluster. If one mark lives all alone far away, that may be an outlier.


How to analyze a line plot



  	Look across the number line.

  	Find places where many marks are close together.

  	See if one value has more marks than the others.

  	Check if any mark is far from the rest.




Example 1: Finding a cluster


Here is a line plot of pencil lengths in inches.



2: X

3: XX

4: XXX

5: XX

6: X



Let’s look at the marks.



  	There is 1 mark at 2.

  	There are 2 marks at 3.

  	There are 3 marks at 4.

  	There are 2 marks at 5.

  	There is 1 mark at 6.




The data is grouped most closely around 3, 4, and 5. That means the cluster is around 3 to 5.


The value 4 has the most marks. So, 4 is the most common measurement.


Example 2: Finding the most common measurement


Here is a line plot of how many books students read.



1: X

2: XXX

3: XXXX

4: XX

5: X



Let’s answer two questions.


What is the cluster?


Most of the marks are around 2, 3, and 4. So the cluster is from 2 to 4.


What measurement is most common?


The number 3 has 4 marks. That is more than any other value. So, 3 books is the most common measurement.


Example 3: Finding an outlier


Here is a line plot of toy car lengths.



2: XX

3: XXX

4: XX

5: 

6: 

7: X



Most of the marks are at 2, 3, and 4. That is the cluster.


But there is 1 mark at 7. It is far away from the others. That makes 7 an outlier.


An outlier is important because it does not fit with the main group.


Example 4: Thinking about the shape of the data


Here is a line plot of plant heights in inches.



1: 

2: X

3: XXX

4: XXXX

5: XXX

6: X



This line plot has many marks in the middle. The data is grouped around 3, 4, and 5, so that is the cluster.


The most common measurement is 4 because it has the most marks.


There is no value far away from the rest, so there is no outlier here.


Helpful questions to ask



  	Where do I see many marks close together?

  	Which number has the most marks?

  	Is there a mark far away from the group?

  	Is the data mostly in the middle, or more on one side?




Tips for success



  	Count carefully.

  	Look for the biggest group first.

  	Do not choose a cluster from just one mark.

  	If one value is alone and far away, it may be an outlier.




Let’s practice thinking


If a line plot has many marks at 5, 6, and 7, then the cluster is around 5 to 7.


If 6 has the most marks, then 6 is the most common measurement.


If there is one mark at 1 and all the other marks are near 5, 6, and 7, then 1 is probably an outlier.


[image: 📋]   Summary


A line plot helps us see where data is grouped. A cluster is where many data points are close together. The most common measurement is the value with the most marks. An outlier is a value far away from the rest. When you study a line plot, look for the group, the tallest stack of marks, and any lonely mark far away.


  
  Put what you read to the test

  You've worked through Analyzing Line Plot Clusters. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/202






  
    
  [image: 📖]   Chapter 12

  Probability



  [image: 📝]   Lesson 90: Probability Terminology and Scale

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/611




  Probability helps us describe how likely something is to happen.
Some things can never happen, some things might happen, and some things will definitely happen. Probability gives us words and numbers to talk about these chances.
In this lesson, you will learn probability terminology and how to place events on a probability scale from 0 to 1.
The probability scale is a number line that shows chance.
It starts at 0 and ends at 1.
0121
Each number on the scale tells how likely an event is:
	0 means impossible — it cannot happen.
	1 means certain — it will happen.
	12 means equally likely — it has a 50-50 chance.
	A number closer to 0 means the event is unlikely.
	A number closer to 1 means the event is likely.

We also use special words to describe probability. These words help us talk about chance before we use exact numbers.
	Impossible: no chance
	Unlikely: a small chance
	Equally likely: the same chance as not happening
	Likely: a good chance
	Certain: it must happen

Here is how these words fit on the scale:
ImpossibleUnlikelyEqually likelyLikelyCertain
0between 0 and 1212between 12 and 11
Let’s think about what these words mean in real life.
	The sun rising tomorrow is certain.
	Rolling a 9 on a standard number cube with numbers 1 to 6 is impossible.
	Flipping a coin and getting heads is equally likely.
	Picking a red marble from a bag with many red marbles and only a few blue marbles is likely.
	Snow falling in the middle of summer in a very hot place might be unlikely.

Important idea: probability can be written as a word or as a number.
For example:
	Impossible means probability of 0.
	Certain means probability of 1.
	Equally likely means probability of 12.

Numbers between 0 and 1 tell us more exact chances.
For example:
	0.1 is very unlikely.
	0.3 is unlikely.
	0.5 is equally likely.
	0.8 is likely.
	1 is certain.

You do not always need to use decimals. In 5th Grade, it is fine to think mostly about 0, 12, and 1, and whether something is closer to 0 or closer to 1.
A helpful way to remember the scale:
	Ask: Can it happen? If not, it is impossible, so the probability is 0.
	Ask: Must it happen? If yes, it is certain, so the probability is 1.
	Ask: Is it a fair 50-50 chance? If yes, it is equally likely, so the probability is 12.
	If it is not 0, 12, or 1, decide whether it is unlikely or likely.

Now let’s look at some worked examples.
Example 1: Coin flip
You flip a fair coin. What is the probability terminology for getting heads?
A fair coin has 2 sides: heads and tails. Each side has the same chance.
Getting heads has the same chance as not getting heads.
So getting heads is equally likely.
The probability is 12
Example 2: Number cube
You roll a standard number cube with numbers 1 through 6. What word describes the chance of rolling a 7?
A standard number cube only has the numbers 1, 2, 3, 4, 5, and 6.
There is no 7 on the cube.
So rolling a 7 is impossible.
The probability is 0
Example 3: Colored marbles
A bag has 8 red marbles and 2 blue marbles. You close your eyes and pick 1 marble. Is picking a red marble unlikely, equally likely, likely, impossible, or certain?
There are more red marbles than blue marbles.
Since red marbles make up most of the bag, picking red has a good chance of happening.
So picking a red marble is likely.
It is not certain, because you could still pick a blue marble.
Example 4: A certain event
You choose 1 letter from the word CAT. What is the chance that you pick a letter?
The choices are C, A, and T. All of them are letters.
No matter which one you pick, it will be a letter.
So this event is certain.
The probability is 1
Let’s compare events on the probability scale.
Suppose these are the events:
	Getting a Monday after Sunday
	Rolling a 10 on a 6-sided number cube
	Flipping tails on a fair coin
	Picking a green marble from a bag with 9 green marbles and 1 yellow marble

We can place them on the scale like this:
	Impossible (0): rolling a 10 on a 6-sided number cube
	Equally likely (12): flipping tails on a fair coin
	Likely: picking a green marble from a bag with 9 green marbles and 1 yellow marble
	Certain (1): getting a Monday after Sunday

This helps us compare which events have smaller or greater chances.
Common mistakes to avoid
	Do not say something is certain just because it is very likely. If there is any chance it will not happen, it is not certain.
	Do not say something is impossible if it is just hard to happen. If it can happen, then it is not impossible.
	Remember that equally likely means a true 50-50 chance.

Quick practice thinking
Try naming each event:
	Picking an even number from the numbers 2, 4, 6, 8
	Rolling a number less than 7 on a standard number cube
	Picking a purple crayon from a box with 1 purple and 9 orange crayons
	Flipping a fair coin and getting heads

Answers:
	Certain — all the numbers are even.
	Certain — every number on a standard number cube is less than 7.
	Unlikely — only 1 out of 10 crayons is purple.
	Equally likely — heads and tails have the same chance.

[image: 📋]   Summary
Probability tells how likely an event is to happen.
We use the probability scale from 0 to 1:
	0 = impossible
	between 0 and 12 = unlikely
	12 = equally likely
	between 12 and 1 = likely
	1 = certain

When you think about a chance event, ask yourself whether it cannot happen, must happen, has a 50-50 chance, or is somewhere in between. That will help you choose the correct probability word and place it on the scale.


  
  Put what you read to the test

  You've worked through Probability Terminology and Scale. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/570






  [image: 📝]   Lesson 91: Sample Spaces and Outcomes

  
  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/612




  Sample Spaces and Outcomes


When we talk about probability, we are thinking about what might happen. To understand probability well, we first need to know all the possible results of an event.


That is where outcomes and sample spaces come in.


An outcome is one possible result.


A sample space is the full list of all possible outcomes.


If we miss an outcome, our probability answer can be wrong. So it is very important to make a complete list.


Why is this important?


Suppose you flip a coin. If you want to know the chance of getting heads, you need to know all the possible results first. A coin can land on:



  	Heads

  	Tails




So the sample space is:


{Heads, Tails}


There are 2 outcomes in this sample space.


Once we know the sample space, we can answer questions about probability more carefully.


Main Idea 1: What is an outcome?


An outcome is just one thing that can happen.



  	If you roll a number cube, getting a 4 is one outcome.

  	If you spin a spinner, landing on blue is one outcome.

  	If you flip a coin, getting tails is one outcome.




Each different result counts as a different outcome.


Main Idea 2: What is a sample space?


The sample space is the set of every possible outcome.


For a number cube with numbers 1 through 6, the sample space is:


{1,2,3,4,5,6}


This sample space has 6 outcomes.


For a spinner with colors red, blue, and green, the sample space is:


{red, blue, green}


This sample space has 3 outcomes.


Main Idea 3: The sample space must be complete


A complete sample space includes every possible outcome exactly once in the list.


For example, if you roll a number cube and write:


{1,2,3,4,5}


that sample space is not complete because 6 is missing.


If you write:


{1,2,2,3,4,5,6}


that is also not a good sample space list, because 2 is repeated. We want each possible outcome listed clearly.


Main Idea 4: Ways to show a sample space


There are different ways to organize all possible outcomes. In 5th Grade, common ways are:



  	Lists

  	Tables

  	Arrays




These tools help us stay organized and make sure we do not forget anything.


Method 1: Using a list


A list works well when there are not too many outcomes.


Example: flip a coin once.


Sample space:


{H, T}


Example: roll a number cube once.


Sample space:


{1,2,3,4,5,6}


Method 2: Using a table


A table is helpful when an event has two parts, like flipping a coin and rolling a number cube.


One part can label the rows, and the other part can label the columns.


Method 3: Using an array


An array is a neat grid that shows combinations of outcomes. It helps us see patterns and count carefully.


For example, if one coin flip can be H or T, and one spinner can land on 1, 2, or 3, we can arrange the outcomes in rows and columns.


Worked Example 1: One simple event


Question: What is the sample space for rolling a number cube one time?


Step 1: Think of all the numbers on the number cube.



  	1

  	2

  	3

  	4

  	5

  	6




Step 2: Write the sample space.


{1,2,3,4,5,6}


Answer: The sample space is {1,2,3,4,5,6} and it has 6 outcomes.


Worked Example 2: Two-part event with a list


Question: What is the sample space for flipping a coin and then rolling a number cube?


Step 1: List the coin outcomes.



  	H

  	T




Step 2: List the number cube outcomes.



  	1, 2, 3, 4, 5, 6




Step 3: Match each coin result with each number result.


The possible outcomes are:


{H1,H2,H3,H4,H5,H6,T1,T2,T3,T4,T5,T6}


Step 4: Count them.


There are 12 outcomes.


Answer: The sample space is {H1,H2,H3,H4,H5,H6,T1,T2,T3,T4,T5,T6}.


Worked Example 3: Using a table


Question: A spinner has colors red and blue. A number cube is rolled. What is the sample space?


Step 1: Write the spinner outcomes.



  	red

  	blue




Step 2: Write the number cube outcomes.



  	1, 2, 3, 4, 5, 6




Step 3: Make all combinations.



  
    	
    	1
    	2
    	3
    	4
    	5
    	6
  

  
    	red
    	red 1
    	red 2
    	red 3
    	red 4
    	red 5
    	red 6
  

  
    	blue
    	blue 1
    	blue 2
    	blue 3
    	blue 4
    	blue 5
    	blue 6
  




Step 4: Write the sample space as a list if needed.


{red 1, red 2, red 3, red 4, red 5, red 6, blue 1, blue 2, blue 3, blue 4, blue 5, blue 6}


Answer: There are 12 outcomes in the sample space.


Worked Example 4: Two spinners


Question: Spinner A has outcomes 1 and 2. Spinner B has outcomes X, Y, and Z. What is the sample space?


Step 1: Write the outcomes for each spinner.



  	Spinner A: 1, 2

  	Spinner B: X, Y, Z




Step 2: Pair each outcome from Spinner A with each outcome from Spinner B.


For 1, the outcomes are:



  	1X

  	1Y

  	1Z




For 2, the outcomes are:



  	2X

  	2Y

  	2Z




Step 3: Write the complete sample space.


{1X,1Y,1Z,2X,2Y,2Z}


Answer: The sample space has 6 outcomes.


How to make sure your sample space is complete


Use these questions to check your work:



  	Did I list all the possible outcomes?

  	Did I leave anything out?

  	Did I repeat any outcome by mistake?

  	Did I organize my work so it is easy to see?




Helpful strategy


When there are two parts to an event, keep one part fixed while changing the other part.


For example, with a coin and a number cube:



  	Start with H: H1, H2, H3, H4, H5, H6

  	Then use T: T1, T2, T3, T4, T5, T6




This helps you avoid missing outcomes.


Common mistakes



  	Forgetting outcomes — not making a complete list.

  	Repeating outcomes — writing the same result more than once.

  	Mixing up order — if the event happens in order, the order matters.




For example, if you flip a coin and then roll a number cube, writing H3 means something different from 3H because the event was described in a certain order.


Connecting sample spaces to probability


Once we know the sample space, we can count how many outcomes are possible.


If all outcomes are equally likely, probability can be found using:


Probability=number of favorable outcomestotal number of outcomes


So building the sample space is the first important step.


Quick Practice Questions



  	What is the sample space for flipping a coin once?

  	What is the sample space for a spinner with outcomes A, B, and C?

  	What is the sample space for rolling a number cube and flipping a coin?

  	A spinner has red and yellow. Another spinner has 1, 2, 3, 4. How many outcomes are in the sample space?




Answers to Quick Practice



  	{H,T}

  	{A,B,C}

  	{1H,1T,2H,2T,3H,3T,4H,4T,5H,5T,6H,6T} or another correct ordered list, depending on how the event is written

  	There are 8 outcomes because 2×4=8




[image: 📋]   Summary


An outcome is one possible result of an event.


A sample space is the complete list of all possible outcomes.


You can show a sample space with a list, table, or array.


When making a sample space, be sure to include every possible outcome, do not repeat outcomes, and stay organized. This helps you understand probability and solve problems correctly.


  
  Put what you read to the test

  You've worked through Sample Spaces and Outcomes. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/571






  [image: 📝]   Lesson 92: Theoretical vs. Experimental Probability
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  Theoretical vs. Experimental Probability


Probability helps us describe how likely something is to happen.


Sometimes we can figure out the probability by thinking about all the possible outcomes. Other times we test it by doing an experiment many times and looking at what actually happens.


These are called theoretical probability and experimental probability. In this lesson, you will learn what each one means, how to find them, and how they are alike and different.


1. What is probability?


Probability is the chance that an event will happen.



  	An event is something that might happen, like rolling a 4 on a number cube.

  	A probability can be written as a fraction, decimal, or percent.

  	Probabilities go from 0 to 1.




If an event is impossible, its probability is 0.

If an event is certain, its probability is 1.


For example:


  	The probability of rolling a 7 on a standard number cube is 0 because it is impossible.

  	The probability of rolling a number less than 7 on a standard number cube is 1 because it is certain.




2. Theoretical probability


Theoretical probability is what we expect to happen based on math.


We find it by comparing:


  	the number of favorable outcomes (the outcomes we want), and

  	the number of total possible outcomes.




The formula is:


Theoretical Probability=number of favorable outcomestotal number of possible outcomes

This works best when all outcomes are equally likely, like flipping a fair coin or rolling a fair number cube.


Example 1: Theoretical probability with a coin


You flip a fair coin. What is the theoretical probability of landing on heads?


There are 2 possible outcomes: heads and tails.

There is 1 favorable outcome: heads.


P(heads)=12

So the theoretical probability of heads is 12.


Example 2: Theoretical probability with a number cube


You roll a fair 6-sided number cube. What is the theoretical probability of rolling an even number?


The possible outcomes are 1, 2, 3, 4, 5, 6.

The even numbers are 2, 4, and 6, so there are 3 favorable outcomes.


P(even)=36=12

So the theoretical probability of rolling an even number is 12.


3. Experimental probability


Experimental probability is based on what actually happens when we do an experiment or activity.


We find it by comparing:


  	the number of times the event happened, and

  	the total number of trials.




A trial is one test, like one coin flip or one roll of a number cube.


The formula is:


Experimental Probability=number of times the event happenedtotal number of trials

Example 3: Experimental probability with a coin


A coin is flipped 10 times. It lands on heads 6 times. What is the experimental probability of heads?


Heads happened 6 times.

There were 10 total flips.


P(heads)=610=35

So the experimental probability of heads is 610, or 35.


Notice that this is not exactly the same as the theoretical probability of 12. That can happen, especially when there are only a few trials.


4. How are they different?


Theoretical probability is based on what should happen.

Experimental probability is based on what did happen.



  	Theoretical probability: uses reasoning and all possible outcomes.

  	Experimental probability: uses data from actual trials.




Here is a simple comparison:



  	If you ask, “What is the chance of pulling a red marble from a bag with 3 red and 2 blue marbles?” you are finding theoretical probability.

  	If you actually pull a marble, put it back, and do this 20 times, then use the results, you are finding experimental probability.




5. How are they alike?


Both theoretical and experimental probability tell us about chance.



  	Both can be written as fractions.

  	Both compare part of the outcomes to the whole.

  	Both help us predict what may happen.




6. Experimental results can be close to theoretical results


When an experiment is repeated many times, the experimental probability often gets closer to the theoretical probability.


For example, the theoretical probability of rolling a 6 on a fair number cube is:


P(6)=16

If you roll only 6 times, you might get a 6 zero times, one time, or even two times. But if you roll 600 times, the experimental probability will often be much closer to 16.


This does not mean the results will be perfect. It means that more trials usually give a better picture of the true chance.


Example 4: Comparing theoretical and experimental probability


A bag has 4 green cubes and 1 yellow cube. You reach in without looking, choose 1 cube, record the color, and put it back. You do this 20 times. You get green 14 times.


Step 1: Find the theoretical probability of green.


There are 5 cubes total, and 4 are green.


P(green)=45

Step 2: Find the experimental probability of green.


Green happened 14 times out of 20 trials.


P(green)=1420=710

Step 3: Compare them.



  	Theoretical probability: 45

  	Experimental probability: 710




These are not equal, but they are both reasonable. If the experiment were repeated many more times, the experimental probability might move closer to 45.


7. Steps for solving probability problems


When you solve a probability problem, ask yourself:



  	Am I using math to predict, or am I using results from an experiment?

  	If it is theoretical probability, how many outcomes are possible?

  	If it is theoretical probability, how many outcomes are favorable?

  	If it is experimental probability, how many times did the event happen?

  	If it is experimental probability, how many total trials were there?

  	Can I simplify the fraction?




8. Common mistakes to avoid



  	Mixing up the two types: Theoretical uses possible outcomes. Experimental uses actual results.

  	Using the wrong total: For theoretical probability, use total possible outcomes. For experimental probability, use total trials.

  	Forgetting to simplify: For example, 36 should be simplified to 12.

  	Thinking they must always match: They do not always match exactly, especially with only a small number of trials.




9. Quick practice thinking


Decide whether each one is theoretical or experimental probability:



  	“What is the chance of choosing a vowel from the letters A, B, C, D, E?” [image: →] Theoretical

  	“A spinner was spun 30 times and landed on blue 8 times. What is the probability of blue based on the results?” [image: →] Experimental




[image: 📋]   Summary


Theoretical probability is the probability you calculate using all possible outcomes.


Theoretical Probability=favorable outcomestotal possible outcomes

Experimental probability is the probability you find using actual results from trials.


Experimental Probability=times event happenedtotal trials

Theoretical probability tells what should happen. Experimental probability tells what did happen. When there are more and more trials, the experimental probability often gets closer to the theoretical probability.


  
  Put what you read to the test

  You've worked through Theoretical vs. Experimental Probability. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/572
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  Expressing Probability means showing how likely something is to happen using numbers. In 5th Grade, we often write probability as a fraction, a decimal, and a percentage.


Probability helps us answer questions like: What is the chance of flipping heads? What is the chance of picking a red marble? What is the chance of rolling an even number?


A probability tells us how likely an event is. It is always a number from 0 to 1.



  	0 means the event is impossible.

  	1 means the event is certain.

  	A number between 0 and 1 means the event might happen.




We can also think of these as percentages:



  	0% means impossible.

  	100% means certain.

  	Anything between 0% and 100% shows some chance of happening.




The basic probability rule is:


Probability of an event=number of favorable outcomestotal number of possible outcomes


Favorable outcomes are the outcomes we want. Total possible outcomes means all outcomes that can happen.


For example, if you roll a fair number cube with 6 sides and want an even number, the even numbers are 2, 4, and 6. That gives 3 favorable outcomes out of 6 total outcomes, so the probability is:


36=12


That same probability can also be written as:



  	Fraction: 12

  	Decimal: 0.5

  	Percentage: 50%




Why do we use fractions, decimals, and percentages? They all show the same chance, just in different forms. Sometimes one form is easier to understand or compare than another.


Here are some common probability values:



  	14=0.25=25%

  	12=0.5=50%

  	34=0.75=75%

  	1=1.0=100%




How to express probability in different ways



  	Write the probability as a fraction.

  	Simplify the fraction if possible.

  	Change the fraction to a decimal by dividing the numerator by the denominator.

  	Change the decimal to a percentage by multiplying by 100, or moving the decimal point 2 places to the right.




Let’s work through some examples.


Worked Example 1: Picking a red marble


A bag has 5 marbles: 2 red and 3 blue. What is the probability of picking a red marble?


Step 1: Count favorable outcomes. There are 2 red marbles, so there are 2 favorable outcomes.


Step 2: Count total possible outcomes. There are 5 marbles in all.


P(red)=25


Step 3: Write as a decimal.


2÷5=0.4


Step 4: Write as a percentage.


0.4=40%


Answer:


  	Fraction: 25

  	Decimal: 0.4

  	Percentage: 40%




Worked Example 2: Flipping a coin


A fair coin has 2 possible outcomes: heads or tails. What is the probability of flipping heads?


There is 1 favorable outcome and 2 total outcomes.


P(heads)=12


Now change it to decimal and percentage:


1÷2=0.5


0.5=50%


Answer:


  	Fraction: 12

  	Decimal: 0.5

  	Percentage: 50%




Worked Example 3: Rolling a number greater than 4


You roll a fair 6-sided number cube. What is the probability of rolling a number greater than 4?


The possible outcomes are 1, 2, 3, 4, 5, 6.


Numbers greater than 4 are 5 and 6, so there are 2 favorable outcomes.


P(greater than 4)=26


Simplify the fraction:


26=13


Now write it as a decimal:


1÷3=0.333…


This decimal repeats, so we can write it as about 0.33.


Now write it as a percentage:


0.333…=33.3…%


We can say it is about 33%.


Answer:


  	Fraction: 13

  	Decimal: about 0.33

  	Percentage: about 33%




Worked Example 4: Choosing a letter


The letters in the word APPLE are written on cards. One card is picked at random. What is the probability of picking the letter P?


The word APPLE has 5 letters: A, P, P, L, E.


There are 2 cards with P, so there are 2 favorable outcomes out of 5 total outcomes.


P(P)=25


Change to decimal and percentage:


2÷5=0.4


0.4=40%


Answer:


  	Fraction: 25

  	Decimal: 0.4

  	Percentage: 40%




Important things to remember



  	The numerator tells how many outcomes you want.

  	The denominator tells how many total outcomes there are.

  	The probability of an event cannot be less than 0 or more than 1.

  	A fraction, decimal, and percentage can all name the same probability.

  	Simplify fractions when you can.




Common mistakes to avoid



  	Forgetting the total number of outcomes. Always count all possible outcomes.

  	Using the wrong favorable outcomes. Make sure you count only the outcomes that match the event.

  	Not simplifying the fraction. For example, 36 should be simplified to 12.

  	Mixing up decimals and percentages. For example, 0.5 means 50%, not 5%.




Quick check


Suppose a spinner has 8 equal sections, and 6 of them are green.



  	Favorable outcomes: 6

  	Total outcomes: 8




P(green)=68=34


As a decimal:


3÷4=0.75


As a percentage:


0.75=75%


So the probability of landing on green is 34, 0.75, or 75%.


[image: 📋]   Summary


To express probability, first write the number of favorable outcomes over the total number of possible outcomes. Then you can change that fraction into a decimal and a percentage.


Remember:



  	Fraction: shows part of the whole

  	Decimal: shows the same amount in decimal form

  	Percentage: shows the amount out of 100




All three forms help us describe chance clearly and exactly.


  
  Put what you read to the test

  You've worked through Expressing Probability. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/573






  [image: 📝]   Lesson 94: Compound Events and Tree Diagrams
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  Compound Events and Tree Diagrams


Sometimes in probability, we look at just one event, like flipping one coin or rolling one die. But many questions ask about more than one event. For example, what happens when you flip two coins, or choose a shirt and then a hat?


These are called compound events. A compound event happens when there are two or more chances or steps.


A very helpful way to organize all possible outcomes of a compound event is with a tree diagram. A tree diagram shows each choice as a branch, so we can see every possible result clearly.


In this lesson, you will learn how to:


  	understand what a compound event is,

  	draw and read a tree diagram,

  	list all possible outcomes,

  	and use the outcomes to find probability.




1. What is a compound event?


A compound event is an event made of two or more simple events.


Here are some examples:


  	flipping a coin and then flipping it again,

  	rolling a die and then rolling it again,

  	choosing a snack and then choosing a drink,

  	spinning a spinner and flipping a coin.




Each step has its own possible outcomes. When we put the steps together, we get a larger set of possible outcomes.


2. What is a tree diagram?


A tree diagram is a picture that uses branches to show all possible outcomes in order.


It starts with the first event. Then each branch splits again for the second event. If there are more events, the branches keep splitting.


Each path from start to finish shows one complete outcome.


For example, if you flip a coin two times, the first flip can be:


  	H for heads

  	T for tails




Then from each of those, the second flip can also be:


  	H

  	T




So the complete outcomes are:


  	HH

  	HT

  	TH

  	TT




There are 4 possible outcomes.


3. How to make a tree diagram


Follow these steps:


  	Write the possible outcomes for the first event.

  	From each of those, draw branches for the possible outcomes of the second event.

  	If there is a third event, keep branching again.

  	List the outcomes at the ends of the branches.

  	Count the total number of outcomes.




Be careful to make sure every branch is included. Missing a branch means missing an outcome.


4. Using a tree diagram to find probability


Once we know all possible outcomes, we can find probability with this idea:


Probability=number of favorable outcomestotal number of possible outcomes


Favorable outcomes are the outcomes that match the event we want.


For example, if there are 4 total outcomes and 2 of them match the event, then:


24=12


Worked Example 1: Flipping two coins


Question: If you flip a coin two times, what is the probability of getting 2 heads?


Step 1: List the outcomes.


The first flip can be H or T. The second flip can be H or T.


So the possible outcomes are:


  	HH

  	HT

  	TH

  	TT




Step 2: Count the total outcomes.

There are 4 total outcomes.


Step 3: Count the favorable outcomes.

Only HH has 2 heads, so there is 1 favorable outcome.


Step 4: Write the probability.

14


So, the probability of getting 2 heads is 14.


Worked Example 2: Rolling a die and flipping a coin


Question: You roll a number cube with numbers 1 through 6 and then flip a coin. What is the probability of rolling an even number and then getting heads?


Step 1: First event outcomes.

The die can land on 1, 2, 3, 4, 5, or 6.


Step 2: Second event outcomes.

For each number, the coin can be H or T.


Step 3: Count all possible outcomes.

Each of the 6 numbers can go with 2 coin results, so there are:

6×2=12


So there are 12 total outcomes.


Step 4: Find the favorable outcomes.

Even numbers are 2, 4, and 6.

We want heads, so the favorable outcomes are:


  	2H

  	4H

  	6H




There are 3 favorable outcomes.


Step 5: Write the probability.

312=14


So, the probability is 14.


Worked Example 3: Choosing an outfit


Question: Mia chooses 1 shirt and 1 pair of pants. She has 2 shirts: red and blue. She has 3 pairs of pants: black, gray, and tan. How many different outfits can she make?


Step 1: Start with the shirts.


  	red

  	blue




Step 2: From each shirt, branch to the pants.


  	black

  	gray

  	tan




Step 3: List the full outcomes.


  	red-black

  	red-gray

  	red-tan

  	blue-black

  	blue-gray

  	blue-tan




There are 6 different outfits.


We can also see this with multiplication:

2×3=6


The tree diagram helps us make sure we did not miss any outfit.


Worked Example 4: Spinning and flipping


Question: A spinner has 3 equal sections: red, yellow, and green. Then a coin is flipped. What is the probability of landing on green and then getting tails?


Step 1: List all possible outcomes.


  	red-heads

  	red-tails

  	yellow-heads

  	yellow-tails

  	green-heads

  	green-tails




There are 6 total outcomes.


Step 2: Find the favorable outcomes.

We want green and tails. That is only:


  	green-tails




So there is 1 favorable outcome.


Step 3: Write the probability.

16


So, the probability is 16.


5. Important ideas to remember



  	A compound event has more than one step.

  	A tree diagram shows all possible outcomes using branches.

  	Each complete path in the tree is one outcome.

  	To find probability, count favorable outcomes and divide by total outcomes.

  	Tree diagrams help you stay organized and avoid missing outcomes.




6. Common mistakes to avoid



  	Forgetting outcomes: Make sure every branch splits fully.

  	Not keeping the order: In some compound events, order matters. For example, HT and TH are different outcomes when flipping two coins.

  	Using the wrong total: Always count all the possible outcomes before finding probability.

  	Counting only one step: Remember that a compound event includes all steps together.




7. Quick practice questions


Try these on your own:


  	If you flip a coin twice, what is the probability of getting exactly 1 head?

  	If you roll a die and flip a coin, how many total outcomes are there?

  	You choose 1 sandwich from turkey or cheese, and 1 drink from milk, juice, or water. How many meal combinations are possible?




Answers:


  	The outcomes are HH, HT, TH, TT. Exactly 1 head happens in HT and TH, so the probability is 24=12.

  	There are 6×2=12 total outcomes.

  	There are 2×3=6 meal combinations.




[image: 📋]   Summary


A compound event has two or more parts. A tree diagram helps us list all possible outcomes in an organized way. After listing the outcomes, we can find probability by dividing the number of favorable outcomes by the total number of outcomes.


When you solve these problems, go step by step, check every branch, and count carefully. Tree diagrams are a great tool for understanding probability.


  
  Put what you read to the test

  You've worked through Compound Events and Tree Diagrams. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/574






  
    
  [image: 📖]   Chapter 13

  Financial Literacy and Applied Mathematics
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  Currency and Calculating Change


We use currency to buy things. In many places, money is written in dollars and cents. The dollar sign is written like this: $.


When we write money, the number after the decimal point shows the cents. For example, $3.45 means 3 dollars and 45 cents.


Calculating change means finding out how much money is given back after paying for something. To find change, we subtract the cost from the amount paid.


We can write that rule like this:


Change=Amount Paid−Cost


It is very important to line up the decimal points when adding or subtracting money. This helps make sure dollars are under dollars and cents are under cents.


Main Ideas to Know



  	1 dollar = 100 cents

  	Money amounts are written with two digits after the decimal point.

  	To find a total cost, add the prices.

  	To find change, subtract the total cost from the amount paid.

  	Always check that the amount paid is greater than or equal to the cost.




Understanding Dollars and Cents


Here are some examples of money amounts:



  	$1.00 = 1 dollar

  	$0.50 = 50 cents

  	$2.07 = 2 dollars and 7 cents

  	$10.25 = 10 dollars and 25 cents




If a money amount has only one digit in the cents place, we still write two digits. For example, 5 cents is written as $0.05, not $0.5.


How to Find Total Cost


If you buy more than one item, first add the prices to find the total cost.


Example:


$2.35+$1.20=$3.55


This means the total cost is $3.55.


How to Find Change


After finding the total cost, subtract it from the amount paid.


For example, if something costs $3.55 and you pay $5.00, then:


$5.00−$3.55=$1.45


The change is $1.45.


Worked Example 1: One Item, Exact Change


A notebook costs $4.25. You pay with $4.25. How much change do you get?


Use subtraction:


$4.25−$4.25=$0.00


You get $0.00 in change. This is called exact change.


Worked Example 2: One Item, Finding Change


A juice costs $2.75. You pay with $5.00. How much change do you get?


Line up the decimals and subtract:


$5.00−$2.75$2.25


The change is $2.25.


Worked Example 3: Two Items, Then Change


You buy a pen for $1.45 and a ruler for $2.30. You pay with $5.00. How much change do you get?


Step 1: Find the total cost.


$1.45+$2.30$3.75


The total cost is $3.75.


Step 2: Subtract from the amount paid.


$5.00−$3.75$1.25


The change is $1.25.


Worked Example 4: More Than Two Items


You buy a snack for $1.80, a bottle of water for $1.25, and fruit for $2.15. You pay with $10.00. How much change do you get?


Step 1: Add the prices.


$1.80+$1.25+$2.15$5.20


The total cost is $5.20.


Step 2: Find the change.


$10.00−$5.20$4.80


The change is $4.80.


Tips for Success



  	Always line up decimal points when adding or subtracting money.

  	Write a zero if needed, like $5.00 instead of $5.

  	Find the total cost first if there is more than one item.

  	Then use subtraction to find the change.

  	Check if your answer makes sense. The change should be less than the amount paid.




Common Mistakes to Avoid



  	Forgetting to line up decimals, which can mix up dollars and cents.

  	Subtracting in the wrong order. Remember: amount paid minus cost.

  	Forgetting zeros in the cents place, such as writing $2.5 instead of $2.50.

  	Not adding all items before finding the change.




Quick Check



  	A toy costs $6.40. You pay $10.00. What is the change?

  	You buy items that cost $2.50 and $3.25. What is the total cost?

  	If the total cost is $5.75 and you pay $10.00, what is the change?




Answers



  	$10.00−$6.40=$3.60

  	$2.50+$3.25=$5.75

  	$10.00−$5.75=$4.25




[image: 📋]   Summary


To work with currency, remember that money is written in dollars and cents. Add prices to find the total cost, and subtract the cost from the amount paid to find the change.


When solving money problems, line up decimal points carefully and always write two digits for cents. With practice, you can quickly find total costs and exact change in real-life shopping situations.


  
  Put what you read to the test

  You've worked through Currency and Calculating Change. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/575
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  Unit Prices and Better Buys


Have you ever seen two different-sized products at a store and wondered which one is the better deal? A bigger package does not always mean a better price. To compare fairly, we use unit price.


A unit price tells the cost for one unit of something. The unit could be 1 item, 1 ounce, 1 pound, 1 bottle, or 1 pack. Finding the unit price helps us decide which choice gives us more for our money.


When we compare two or more products using unit price, we are looking for the better buy. Usually, the better buy is the one with the lower unit price.


How to find unit price


To find unit price, divide the total cost by the number of units.


Unit Price=Total CostNumber of Units


For example, if 4 apples cost $2.00, then the cost for 1 apple is:


2.00÷4=0.50


So the unit price is $0.50perapple.


Why unit price matters



  	It helps you compare products of different sizes.


  	It helps you spend money wisely.


  	It helps you notice when a larger size is or is not a better deal.





Steps for finding the better buy



  	Look at the price of each product.


  	Look at the amount in each product, such as ounces or number of items.


  	Divide the price by the amount to find the unit price.


  	Compare the unit prices.


  	The product with the smaller unit price is the better buy.





Important tip: Make sure the units match. If one item is priced by ounces and another is priced by ounces, you can compare them. If the units are different, you need to change them so they match first.


Worked Example 1: Comparing packs of pencils


Pack A has 6 pencils for $1.50. Pack B has 10 pencils for $2.00. Which is the better buy?


First, find the unit price for Pack A.


1.50÷6=0.25


Pack A costs $0.25perpencil.


Now find the unit price for Pack B.


2.00÷10=0.20


Pack B costs $0.20perpencil.


Now compare: $0.20 is less than $0.25.


Pack B is the better buy.


Worked Example 2: Comparing snack bags by ounces


A 5-ounce bag of pretzels costs $2.25. An 8-ounce bag costs $3.20. Which is the better buy?


Find the unit price for the 5-ounce bag.


2.25÷5=0.45


The 5-ounce bag costs $0.45perounce.


Find the unit price for the 8-ounce bag.


3.20÷8=0.40


The 8-ounce bag costs $0.40perounce.


Compare the unit prices: $0.40 is less than $0.45.


The 8-ounce bag is the better buy.


Worked Example 3: When the bigger package is not the better buy


Soap Pack A has 12 bars for $9.00. Soap Pack B has 20 bars for $16.00. Which is the better buy?


Find the unit price for Pack A.


9.00÷12=0.75


Pack A costs $0.75perbar.


Find the unit price for Pack B.


16.00÷20=0.80


Pack B costs $0.80perbar.


Compare: $0.75 is less than $0.80.


Pack A is the better buy, even though it has fewer bars. This shows that a bigger package is not always the cheapest choice for each unit.


Worked Example 4: Finding unit price with money and decimal answers


A pack of 3 notebooks costs $4.50. What is the unit price?


Divide the total cost by the number of notebooks.


4.50÷3=1.50


The unit price is $1.50pernotebook.


If another store sells 5 notebooks for $8.00, then:


8.00÷5=1.60


That store charges $1.60pernotebook.


Compare: $1.50 is less than $1.60.


The first store is the better buy.


What to watch out for



  	Do not compare total prices only. A lower total price may be for a much smaller amount.


  	Always divide to find the cost for one unit.


  	Make sure the units are the same before comparing.


  	The lower unit price means the better buy.





Quick check thinking


Ask yourself:



  	What is the price?


  	How many units are there?


  	What is the cost for 1 unit?


  	Which choice has the smaller unit price?





[image: 📋]   Summary


Unit price helps us compare prices fairly. To find unit price, divide the total cost by the number of units. Then compare the unit prices to find the better buy. The item with the lower cost for one unit is usually the best choice.


  
  Put what you read to the test

  You've worked through Unit Prices and Better Buys. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/576
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  Budgeting and Expenses means making a plan for how to use money. A budget helps you see how much money comes in and how much money goes out.
When you know your budget, you can make better choices. You can decide what you need, what you want, and how much money you can save.
In this lesson, you will learn how to:
	identify income and expenses
	tell the difference between fixed and variable expenses
	find out if a budget has money left over or not enough money
	use addition and subtraction with money

1. What is income?
Income is money that comes in. For a child, income might be allowance, birthday money, money earned from doing extra chores, or money from a lemonade stand.
For example, if you get $12.00 for allowance and $8.00 for helping a neighbor, your total income is:
$12.00+$8.00=$20.00
So your income is $20.00.
2. What are expenses?
Expenses are money that goes out. Expenses are things you spend money on, like snacks, games, school supplies, or gifts.
If you buy a notebook for $3.50 and a snack for $2.25, your total expenses are:
$3.50+$2.25=$5.75
3. What is a budget?
A budget is a plan for your money. It shows your income, your expenses, and how much money is left.
A simple budget can be written like this:
Money Left=Income−Expenses
If the answer is positive, you have money left over. If the answer is 0, you used all your money. If your expenses are greater than your income, you do not have enough money.
4. Fixed and variable expenses
Not all expenses are the same. Some stay the same, and some change.
Fixed expenses are costs that stay the same each time or happen regularly in the same amount.
	a weekly music lesson that costs $15
	a monthly club fee of $10
	a bus pass that costs the same each month

Variable expenses are costs that can change. You may spend more one time and less another time.
	snacks
	toys
	books
	video game items

For example, if you always pay $10 each month for a club, that is a fixed expense. If you spend $4 on snacks one week and $7 the next week, snacks are a variable expense.
5. Needs and wants
When making a budget, it helps to think about needs and wants.
	Needs are things that are important to have, like school supplies or lunch.
	Wants are things you would like to have, like candy or a new toy.

If your money is limited, you should usually pay for needs first. Then you can decide how much to spend on wants and how much to save.
6. How to make a simple budget
	Find your total income.
	List all your expenses.
	Separate fixed expenses and variable expenses.
	Add the expenses.
	Subtract expenses from income.
	Decide whether you should spend less or save more.

Worked Example 1: Finding money left over
Mia earns $25.00 from allowance and chores. She spends $6.00 on markers and $4.50 on a snack.
Step 1: Add the expenses.
$6.00+$4.50=$10.50
Step 2: Subtract expenses from income.
$25.00−$10.50=$14.50
Answer: Mia has $14.50 left over.
Worked Example 2: Fixed and variable expenses
Jalen gets $30.00 this month. He pays $12.00 for an art class every month. He also spends $5.00 on a comic book and $3.50 on juice.
Step 1: Identify the fixed expense.
The art class costs $12.00 every month, so it is a fixed expense.
Step 2: Identify the variable expenses.
The comic book and juice can change, so they are variable expenses.
Step 3: Add all expenses.
$12.00+$5.00+$3.50=$20.50
Step 4: Find the money left.
$30.00−$20.50=$9.50
Answer: Jalen has $9.50 left after paying his fixed and variable expenses.
Worked Example 3: Not enough money
Sara has $18.00. She wants to buy a book for $9.75, a game for $7.50, and a pen set for $3.25.
Step 1: Add the expenses.
$9.75+$7.50+$3.25=$20.50
Step 2: Compare expenses to income.
Her expenses are $20.50, but her income is only $18.00.
Step 3: Subtract to find how much more she needs.
$20.50−$18.00=$2.50
Answer: Sara does not have enough money. She needs $2.50 more, or she must choose to spend less.
Worked Example 4: Planning a budget
Leo has $40.00. He wants to save $10.00. He also has a fixed expense of $8.00 for a club fee. Then he wants to buy snacks for $6.50 and a small toy for $9.00.
Step 1: Add the money he plans to save and spend.
$10.00+$8.00+$6.50+$9.00=$33.50
Step 2: Compare with his income.
Leo has $40.00, and his total planned amount is $33.50.
Step 3: Find the money left over.
$40.00−$33.50=$6.50
Answer: Leo can save $10.00, pay his expenses, and still have $6.50 left.
Tips for smart budgeting
	Write down all income and expenses.
	Check prices carefully.
	Add decimals neatly, lining up the decimal points.
	Pay fixed expenses and needs first.
	Be careful with small purchases because they can add up.
	Try to save some money if you can.

Common mistakes to avoid
	Forgetting an expense
	Mixing up income and expenses
	Not lining up decimal points when adding or subtracting money
	Spending more than the amount of money you have

Quick check
If you have $22.00, and you spend $5.50 on lunch and $8.25 on a book, how much is left?
First add the expenses:
$5.50+$8.25=$13.75
Then subtract from income:
$22.00−$13.75=$8.25
So, $8.25 is left.
[image: 📋]   Summary
A budget is a plan for money. Income is money coming in, and expenses are money going out. Some expenses are fixed, which means they stay the same, and some are variable, which means they can change.
To use a budget, add your expenses and subtract them from your income. This helps you see whether you have money left over, need to spend less, or can save more.


  
  Put what you read to the test

  You've worked through Budgeting and Expenses. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/577
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  Taxes, Tips, and Discounts are all about changing a price by a percent.
Sometimes the price goes up, like when tax or tip is added. Sometimes the price goes down, like when a discount is taken off. Learning how to find these amounts helps you understand shopping, restaurants, and real-life money choices.
In this lesson, you will learn what taxes, tips, and discounts are, how to find them, and how to find the final price.
First, remember what percent means.
The word percent means out of 100. So:
	

10% means 10 out of 100
	

25% means 25 out of 100
	

50% means 50 out of 100

You can also write a percent as a decimal.
	

10% = 0.10
	

25% = 0.25
	

8% = 0.08

To change a percent into a decimal, move the decimal point two places left.
For example:
	

12% = 0.12
	

5% = 0.05
	

30% = 0.30

What is tax?
Tax is extra money added to the cost of something you buy. A sales tax is usually a percent of the price.
If an item costs $20 and the tax is 5%, you do not just pay $20. You pay the original price plus the tax.
What is a tip?
A tip is extra money given for a service, like at a restaurant or after a haircut. A tip is also often a percent of the original cost.
Like tax, a tip is added to the original amount.
What is a discount?
A discount is money taken off the original price. Stores use discounts during sales.
If a shirt costs $30 and it is 20% off, you pay less than $30.
The big idea:
	

Tax and tip are added.
	

Discount is subtracted.

How to find a tax, tip, or discount
There are two main steps:
	

Find the percent amount.
	

Add it to the original price for tax or tip, or subtract it for a discount.

Step 1: Find the percent amount
Use this rule:
Percent amount=original price×decimal form of percent
Step 2: Find the final price
	

For tax or tip:

final price=original price+percent amount
	

For discount:

sale price=original price−discount amount
Worked Example 1: Finding tax
A toy costs $12. The sales tax is 10%. How much tax is added, and what is the final price?
Step 1: Change 10% to a decimal.
10%=0.10
Step 2: Find the tax.
12×0.10=1.20
The tax is $1.20.
Step 3: Add the tax to the original price.
12.00+1.20=13.20
Answer: The tax is $1.20, and the final price is $13.20.
Worked Example 2: Finding a tip
A family’s restaurant bill is $25. They leave a 20% tip. How much is the tip, and how much do they pay in all?
Step 1: Change 20% to a decimal.
20%=0.20
Step 2: Find the tip.
25×0.20=5.00
The tip is $5.00.
Step 3: Add the tip to the bill.
25.00+5.00=30.00
Answer: The tip is $5.00, and the total cost is $30.00.
Worked Example 3: Finding a discount
A backpack costs $40. It is on sale for 15% off. How much is the discount, and what is the sale price?
Step 1: Change 15% to a decimal.
15%=0.15
Step 2: Find the discount.
40×0.15=6.00
The discount is $6.00.
Step 3: Subtract the discount from the original price.
40.00−6.00=34.00
Answer: The discount is $6.00, and the sale price is $34.00.
Worked Example 4: Discount and then tax
A game costs $50. It is 20% off, and then 8% tax is added to the sale price. What is the final cost?
This example has two changes, so go one step at a time.
Step 1: Find the discount.
20%=0.20
50×0.20=10.00
The discount is $10.00.
Step 2: Find the sale price.
50.00−10.00=40.00
The sale price is $40.00.
Step 3: Find the tax on the sale price.
8%=0.08
40×0.08=3.20
The tax is $3.20.
Step 4: Add the tax to the sale price.
40.00+3.20=43.20
Answer: The final cost is $43.20.
Helpful shortcuts with friendly percents
Some percents are easy to find in your head.
	

10%: move the decimal one place left.
10% of $30 is $3.
	

5%: find 10%, then divide by 2.
5% of $30 is $1.50.
	

50%: half of the amount.
50% of $18 is $9.
	

25%: one fourth of the amount.
25% of $20 is $5.

How to know whether to add or subtract
Ask yourself this question: Is the price going up or down?
	

If money is being added, like tax or tip, add.
	

If money is being taken away, like a discount, subtract.

Common mistakes to avoid
	

Do not add the percent number directly to the price.
For example, with $20 and 8% tax, do not do 20+8. You must first find 8% of 20.
	

Change the percent to a decimal correctly.
For example, 8% is 0.08, not 0.8.
	

For discounts, subtract the discount from the original price.
	

If there is more than one step, do them in order.

Let’s compare
If a bike helmet costs $24:
	

With 10% tax, the tax is 24×0.10=2.40, so the final price is $26.40.
	

With 10% discount, the discount is 24×0.10=2.40, so the sale price is $21.60.

The percent amount is the same in both cases, but one is added and one is subtracted.
Quick steps to remember
	

Read carefully: Is it tax, tip, or discount?
	

Change the percent to a decimal.
	

Multiply to find the percent amount.
	

Add for tax or tip.
	

Subtract for discount.

[image: 📋]   Summary
Taxes and tips make a price go up. Discounts make a price go down.
To solve these problems, first find the percent amount by multiplying the original price by the decimal form of the percent. Then add or subtract that amount to get the final price.
With practice, you will be able to find sale prices, restaurant totals, and shopping costs with confidence.


  
  Put what you read to the test

  You've worked through Taxes, Tips, and Discounts. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/578
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  We are always updating and improving these lessons. To get the latest version of this lesson, go to megacub.com/lessons/620




  Gross vs. Net Income


When people earn money from a job, they do not always keep all of it. Some money may be taken out for things like taxes or other deductions. That means there are two different amounts to understand: gross income and net income.


Learning the difference helps us understand how much money a person earns in total and how much money they actually take home.


What is gross income?


Gross income is the total amount of money earned before anything is taken out.


If someone works and earns money, the full amount they earned is their gross income.


What is net income?


Net income is the amount of money a person actually gets after deductions are taken away.


A deduction is money subtracted from the gross income. For this lesson, think of deductions as money taken out before the person gets paid.


The basic idea


The relationship between gross income, deductions, and net income is:


Gross Income−Deductions=Net Income


You can also think of it like this:



  	Gross income = all the money earned

  	Deductions = money taken out

  	Net income = money left over




Why does this matter?


If a person only looks at gross income, they may think they have more money to spend than they really do.


Net income is usually the better amount to use when planning spending, saving, or budgeting, because it shows the money the person actually receives.


Important words to know



  	Income: money earned

  	Gross income: total money earned before deductions

  	Deduction: money taken out

  	Net income: money left after deductions




How to find net income



  	Find the gross income.

  	Find the total deductions.

  	Subtract the deductions from the gross income.




In math form:


Net Income=Gross Income−Deductions


How to find gross income


Sometimes you know the net income and the deductions, but you need to find the gross income.


Then you can use:


Gross Income=Net Income+Deductions


Worked Example 1: Whole numbers


Mia earns $80 for helping at a shop. $12 is taken out. What is her net income?


Step 1: Gross income = $80

Step 2: Deductions = $12

Step 3: Subtract


80−12=68


Mia's net income is $68.


Worked Example 2: Using decimals


Jordan earns $145.50. Deductions are $18.25. What is the net income?


Use the formula:


Net Income=Gross Income−Deductions


Substitute the numbers:


145.50−18.25=127.25


Jordan's net income is $127.25.


When subtracting decimals, line up the decimal points carefully.


Worked Example 3: Finding gross income


Sara takes home $92.40 after $7.60 is taken out. What was her gross income?


We know:



  	Net income = $92.40

  	Deductions = $7.60




Use the formula:


Gross Income=Net Income+Deductions


92.40+7.60=100.00


Sara's gross income is $100.00.


Worked Example 4: More than one deduction


Leo earns $200.00. Two deductions are taken out: $15.00 and $9.50. What is his net income?


First, find the total deductions:


15.00+9.50=24.50


Now subtract from the gross income:


200.00−24.50=175.50


Leo's net income is $175.50.


Thinking carefully about the difference


Here is a quick way to remember:



  	Gross means the bigger amount first

  	Net means the amount left after money is taken out




So, gross income is usually greater than or equal to net income.


In symbols:


Gross Income≥Net Income


Common mistakes to avoid



  	Do not mix up gross and net.

  	Do not forget to subtract all deductions.

  	When working with money, line up decimal points.

  	If finding gross income, add deductions back to net income instead of subtracting.




Try to reason it out


If someone earns $50 and takes home $50, then the deductions must be $0.


If someone earns $50 and takes home $45, then $5 was taken out.


This helps us see that the net income tells us what the person really receives.


Real-life connection


Imagine two people compare their pay:



  	Person A has a gross income of $120

  	Person B has a net income of $110




We cannot tell right away who actually takes home more unless we know the deductions for Person A.


That is why it is important to know whether a number is gross or net.


[image: 📋]   Summary


Gross income is the total amount earned before money is taken out.


Net income is the amount left after deductions.


Use these formulas:


Net Income=Gross Income−Deductions


Gross Income=Net Income+Deductions


When you understand gross and net income, you can better tell how much money a person really gets to use.


  
  Put what you read to the test

  You've worked through Gross vs. Net Income. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/579
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  Profit and Loss Foundations


Have you ever thought about what happens when someone sells lemonade, bookmarks, cookies, or handmade crafts? They collect money from customers, but they also spend money to make or buy the items first. To understand whether they are doing well, they need to know if they made a profit or had a loss.


In this lesson, you will learn how to compare the money earned with the money spent. This helps us understand simple business situations in real life.


Important Words to Know



  	Revenue: the total money earned from selling something.

  	Cost: the total money spent to make, buy, or run the business.

  	Profit: the money left after costs are taken away from revenue.

  	Loss: when costs are more than revenue.




You can find profit or loss using subtraction.


Profit or Loss=Revenue−Cost


After you subtract, the answer tells you what happened:



  	If the answer is greater than 0, there is a profit.

  	If the answer is less than 0, there is a loss.

  	If the answer is 0, the business broke even. That means it did not make money or lose money.




Step-by-Step Method



  	Find the revenue.

  	Find the cost.

  	Subtract cost from revenue.

  	Decide whether the answer shows a profit, loss, or break-even.




Worked Example 1: Finding a Profit


A student sells pencils and earns $18. The pencils and supplies cost $11.


Use the rule:


Profit or Loss=Revenue−Cost


Substitute the numbers:


18−11=7


The answer is $7. Since the answer is greater than 0, the student made a profit of $7.


Worked Example 2: Finding a Loss


A bake sale earns $25. The ingredients and packaging cost $31.


Subtract cost from revenue:


25−31=−6


The answer is −6, which means the sale had a loss of $6.


You can also think of it this way: the costs were $6 more than the money earned.


Worked Example 3: Break-Even


A child makes friendship bracelets. They earn $14 from sales. The string and beads cost $14.


Subtract:


14−14=0


The answer is 0. This means the child broke even. They did not make a profit, and they did not have a loss.


Worked Example 4: Using Decimals


A lemonade stand earns $32.50. The lemons, sugar, cups, and signs cost $18.75.


Subtract carefully with the decimal points lined up:


32.50−18.75=13.75


Since the answer is positive, the lemonade stand made a profit of $13.75.


How to Find Revenue


Sometimes revenue is not given directly. You may need to find it by multiplying the number of items sold by the price of each item.


Revenue=Number Sold×Price of Each Item


For example, if 8 notebooks are sold for $3 each, then:


8×3=24


The revenue is $24.


If the cost was $17, then:


24−17=7


So the profit is $7.


Comparing Profit and Loss


Here is a simple way to remember:



  	If revenue is bigger than cost, there is a profit.

  	If cost is bigger than revenue, there is a loss.

  	If they are equal, the business breaks even.




Common Mistakes to Avoid



  	Do not subtract in the wrong order. Use revenue minus cost.

  	Make sure you include all costs, not just one cost.

  	Line up decimal points when subtracting money amounts.

  	Check whether the final answer means profit, loss, or break-even.




Quick Practice Thinking


If a stand earns $40 and costs are $28, then:


40−28=12


That is a profit of $12.


If a craft table earns $19 and costs are $23, then:


19−23=−4


That is a loss of $4.


Why This Matters


Knowing profit and loss helps people make smart decisions. A seller can see whether their business idea is working. They can also decide if they should spend less, sell more, or change the price.


[image: 📋]   Summary


Profit and loss help us understand money earned and money spent. First, find the revenue. Then subtract the cost.


Profit or Loss=Revenue−Cost


If the answer is positive, it is a profit. If the answer is negative, it is a loss. If the answer is zero, it is break-even. With careful subtraction, you can solve many real-world money problems.


  
  Put what you read to the test

  You've worked through Profit and Loss Foundations. Try answering a few questions to see what stuck — and what might deserve a quick reread before you move on.

  
    
      	
        Check Your Understanding by Clicking Here
      
    

  

  or by going to megacub.com/learning/580
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