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	Program Information
	[Lesson Title]

Calculating Costs

	TEACHER NAME
	PROGRAM NAME

	
	[Unit Title]

	NRS EFL(s)
2 – 3 
	TIME FRAME
120 – 240 minutes 



	Instruction 
	ABE/ASE Standards – Mathematics

	
	Numbers (N)
	Algebra (A)
	Geometry (G)
	Data (D)

	
	Numbers and Operation
	N.2.3, N.2.9, N.2.11, N.2.12, N.3.4, N.3.7, N.3.8, N.2.14, N.3.15 N.3.22, N.3.25

	Operations and Algebraic Thinking
	
	Geometric Shapes and Figures
	
	Measurement and Data
	

	
	The Number System
	
	Expressions and Equations
	
	Congruence
	
	Statistics and Probability
	

	
	Ratios and Proportional Relationships
	
	Functions
	
	Similarity, Right Triangles. And Trigonometry
	
	Benchmarks identified in RED are priority benchmarks. To view a complete list of priority benchmarks and related Ohio Aspire lesson plans, please see the Curriculum Alignments located on the Teacher Resource Center (TRC).

	
	Number and Quantity
	
	
	Geometric Measurement and Dimensions
	
	

	
	
	
	Modeling with Geometry


	
	

	
	Mathematical Practices (MP)

	
	(
	Make sense of problems and persevere in solving them. (MP.1)
	(
	Use appropriate tools strategically. (MP5)

	
	(
	Reason abstractly and quantitatively. (MP.2)
	(
	Attend to precision. (MP.6)

	
	(
	Construct viable arguments and critique the reasoning of others. (MP.3)
	(
	Look for and make use of structure. (MP.7)

	
	(
	Model with mathematics. (MP.4)
	(
	Look for and express regularity in repeated reasoning. (MP.8)

	
	LEARNER OUTCOME(S)

· Students will be able to compare and order values in decimal, fraction, and percent form.  
· They will also be able to estimate solutions to problems using rounding and compatible numbers.

	ASSESSMENT TOOLS/METHODS
· Each of the “you do” steps will serve as assessment.  The instructor should be able to gauge understanding by having different students provide their solutions and explanations of how they arrived at that solution.  In addition, during the “we do” steps, instructors should be encouraging all students to participate in the discussion.  The ability to provide input in these discussions will help the teacher gauge each student’s mastery of the concepts.

· At the end of the lesson, have them turn in a few problems from the Keeping Costs Down handout to check for outcome mastery.

	
	LEARNER PRIOR KNOWLEDGE

· Students should have prior knowledge of decimals, fractions, and percentages.  


	
	INSTRUCTIONAL ACTIVITIES 
Note:  Keep in mind that your class may not need to go through each piece of the activities below.  Please pick and choose which elements to incorporate into your actual lesson based on what you know of your students.  You will need to adjust which segments to keep and which to skip based on the ability level of your students.  As this lesson plan tries to incorporate multiple levels, some activities may be above or below your students’ levels.  In addition, extra sample problems may need to be incorporated based upon your particular class.  

1. If you want them to use the SmartPALs, make sure they have those to begin.  The overall idea behind this lesson is to be able to find out the best deals and the estimated overall price of items while shopping.  While some shoppers will bring a calculator to the grocery store to keep themselves on track, many do not.  In order to make sure they do not spend more than they planned, many shoppers will use mental math as they go.  The prices of items in store are rarely nice to work with when only using mental math, so a useful tool shoppers often use is known as rounding.  

There are two keys when rounding numbers to a specific place value.  The first is knowing the different place values, and the second is knowing whether to round up or down.  Let’s address the issue of place value first.  Write the following number so everyone can see it: [image: image2.png]1,234,567.89



.  This number incorporates all of the place values accounted for in the standards, and gives a different numerical value for each place.  This way you can just say, “Which place value is the 3 in?” to indicate the place value.  With this number, you want to notate each of the place values.  From left to right they are: millions, hundred thousands, ten thousands, thousands, hundreds, tens, ones, tenths, and hundredths.  (Note: This would be a time that you could introduce expanded notation if you wanted.  Expanded notation would write the above number as:    [image: image4.png]1-1,000,000 + 2- 100,000 + 310,000 + 4 - 1,000 + 5- 100 +6-10 +7-1+ 8-




 .)

Once you feel confident your students have the terms for the different place values down, you can move on to the concept of rounding.  The idea here is that rounding will help us estimate to solve more difficult problems.  We use it when exact values are not necessarily important.  For example, when grocery shopping, I often keep an estimate of the running total in my cart.  I use rounding a lot because I just want a ballpark figure of what I’m going to pay when I get to the register.  There is a sequence of steps to follow, so we will use explicit instruction to model how to round.

(I do) Let’s give ourselves a new number to work with: $[image: image6.png]7,199.25



.  We eventually want to be able to round to any place value, but let’s start with the most common: thousands, hundreds, ones (dollar), and decimal places.  When rounding, we can think about making a list of the steps we should follow.

Identify the place value you are rounding to.

Look at the number immediately to the right of this place value.

If this number is a five, six, seven, eight, or nine then we “round up.”  This means we will add one to the number in the place value we are rounding to and change all numbers to the right of that place value to a zero.

If this number is a zero, one, two, three, or four then we “round down.”  This means we will leave the number in the place value we are rounding to alone, but still change all numbers to the right of that place value to a zero.

If we actually do some problems using these steps, 3a and 3b may become clearer.  For instance, if we round to the nearest thousand we will first find that place value: $[image: image8.png]7,199.25



.  Next, we look at the number immediately to the right: [image: image10.png]$7,199.25



.  We have a one, so again we “round down”: [image: image12.png]$7,000



.

If we round to the nearest hundred we first identify that place value: [image: image14.png]$7,199.25



.  Next, we look to the value to the right: [image: image16.png]$7,199.25



.  This time the nine tells us to “round up.”  This means we add 1 to the 1 in the hundreds place and change all numbers to the right to a zero: [image: image18.png]$7,200



.

If we round to the nearest dollar, we will first find that place value: [image: image20.png]$7.199.25



.  Next, we look at the number immediately to the right: [image: image22.png]$7,199.25



.  We have a two, so we “round down”: [image: image24.png]$7.199



.

If we round to the nearest dime (tenth), we will first find that place value: [image: image26.png]$7,199.25



.  Next, we look at the number immediately to the right: [image: image28.png]$7,199.25



.  We have a five, so we “round up”: [image: image30.png]$7,199.30



. (We keep the 0 on the end for the number to make sense as a dollar amount.)

(We do) Now, the class will work with you and guide you through the rounding process.  Use this number (or make up one of your own): [image: image32.png]$8,524.99



.

If we round to the nearest thousand we will first find that place value: [image: image34.png]$8,524.99



.  Next, we look at the number immediately to the right: [image: image36.png]$8,524.99



.  We have a five, so again we “round up”: [image: image38.png]3,619,000



.

If we round to the nearest hundred we first identify that place value: [image: image40.png]$8,524.99



.  Next, we look to the value to the right: [image: image42.png]$8,524.99



.  This time the two tells us to “round down”: [image: image44.png]$8,500



.

If we round to the nearest whole number, we will first find that place value: [image: image46.png]$8,524.99



.  Next, we look at the number immediately to the right: [image: image48.png]$8,524.99



.  We have a nine, so we “round up”: [image: image50.png]$8,525



.

If we round to the nearest tenth, we will first find that place value: [image: image52.png]$8,524.99



.  Next, we look at the number immediately to the right: [image: image54.png]$8,524.99



.  We have a nine, so we “round up.”  However, we will be rounding up a nine, and when we add one to nine, we get ten.  As with addition, we will move the one up a place value to the ones: [image: image56.png]$8,525



.

(You do) Now have the students work on their own (or in pairs) using a new number.  (Suggestion: [image: image58.png]$1,835.09



.)
2. Now that students know what rounding is, let’s give them an actual shopping trip example to let them try it out.  Let’s say that we make a quick run to the store after work and all we have on us is a $20 bill – no checks or credit/debit cards – and our shopping list.  We’re going to need to be very careful to make sure we do not go over our funds.

(I do) Make a grocery list on the board.  You can take suggestions with estimated prices, but we want some ugly numbers in there.  For instance, here is a sample list:

Milk $2.99

Bread $2.19

Strawberries $2.48

Ice cream $2.74

Lunch meat $3.49

A case of water $3.50

Apples $3.48

With our grocery list and $20, we want to be able to get as many items as possible without getting to the register only to find we don’t have enough money.  Unfortunately, we cannot pull out a pen and paper because we have none on us, nor can we pull out a calculator for the same reason.  This is all mental math.  We must find a way to add these values quickly and easily.  We have two methods here.  The first is rounding.  Give the students the handout on Rounding and Ordering if you have yet to do so.  We may find rounding is not enough, if that is the case, we will use an idea known as compatible numbers.  If we were to round each of these numbers to, say, the nearest dollar, we would get:

Milk $3

Bread $2

Strawberries $2

Ice cream $3

Lunch meat $2

A case of water $4

Apples $3

While adding is now easy, $19, there was a lot of shifting.  Are we sure we didn’t round so far as to put us under when really our total is over?  Maybe we should have rounded to the nearest dime (or tenth):

Milk $3

Bread $2.20

Strawberries $2.50

Ice cream $2.70

Lunch meat $3.50

A case of water $3.50

Apples $3.50

Now the addition is not as easy as it was when all of our amounts were whole dollars.  To add quickly, let’s think about something known as compatible numbers.  These are numbers that work well together (are compatible) when we are adding, subtracting, multiplying, or dividing.  Some examples include:

3 + 7

16 – 6

48 + 52

360 [image: image60.png]


 10

25[image: image62.png]


 4

The key to keep in mind is that numbers are compatible if they allow us to do a calculation quickly, easily, and using only mental math.  Let’s reorder our list of prices to put compatible numbers together.

Milk $3

Strawberries $2.50

Lunch meat $3.50

A case of water $3.50

Apples $3.50

Bread $2.20

Ice cream $2.70

Now we know that the prices with fifty cents are easy to add together, and our two difficult numbers are at the bottom.  However, we can estimate these numbers a little more to make them compatible:

Bread $2.25

Ice cream $2.75

Now, if we add everything together, we get $21.  As our rounding/estimations were much closer to our original numbers this time, we should probably put something back to be safe.

(We do) Have the students walk you through this process using:

Orange Juice $3.39

Bread $1.79

Bananas $1.29

Bag of carrots $2.69

Chicken $4.47

A case of water $3.50

You should end up with something similar to:

Orange Juice $3.30

Bag of carrots $2.70

Bananas $1.25

Bread $1.75

Chicken $4.50

A case of water $3.50

Which means that we are under our limit at about $17.

(You do) Have the students work alone using $10 and:

Fruit juice $2.25

Buns $1.99

Hamburger meat $3.49

Ketchup $1.99

Cheese slices $1.79

You should end up with something similar to:

Fruit juice $2.25

Cheese slices $1.75

Hamburger meat $3.50

Ketchup $2

Buns $2

Which means that we are over at about $11.50.

3. Now that we are estimation queens/kings, we want to be able to compare prices.  Let’s start by comparing different items.  

(I do) Frank is throwing a party for some friends and will need beverages for everyone.  He can get a case of soda for $4 or a case of water for $3.  Both cases contain 24 beverages of the same volume.  He knows he will still need to buy food and games, so he wants to spend the least amount of money as possible.  If we were using a number line, we would see that the 3 falls to the left of the 4 which means that 3 is less than 4.  This tells us the water is cheaper than the soda and is what Frank should buy if he wants to save as much money as possible.

(We do) Frank also needs to purchase food for the party.  He can go for hot dogs or hamburgers.  He can buy an 8 pack of hot dogs for $2.50 and a 12 pack of hamburger patties for $6.  He wants enough food to accompany the drinks (24 items).  Which is the better deal?  If he buys 3 packs of hot dogs to give him 24 hot dogs, he would spend $7.50.  If he buys 2 packs of hamburger patties, he would spend $12.  Again, if we use a number line, we can find the 12.  Then, we know $7.50 is between $7 and $8, which is to the left of $12.  Thus, the hot dogs are cheaper.

(You do) Frank now needs some sort of entertainment.  He can buy two cornhole games at $89.99 a piece or he can buy a net that will work for badminton and volleyball for $159.99.  Which would be the cheaper option?

4. Now we want to compare similar items to decide which is the most cost-efficient.  Often times some brands will be on sale for “3 for $5” or “2 for $7”.  What does this do to our prices?  Which should we get?

(I do) Let’s refer back to our shopping list from the beginning.

Milk $2.99

Bread $2.19

Strawberries $2.48

Ice cream $2.74

Lunch meat $3.49

A case of water $3.50

Apples $3.48

What if our milk price was for a gallon and we see half-gallons on sale for 3 for $5?  Which should we get?

Here, we are trying to decide which item is the better deal.  This means we want to know which has the better price when we get the same amount of the different items.  We can consider the sale price as “$5 per 3 half-gallons” which can be written as a fraction.  We can then use either method on the handout to compare the fractions.  The milk is being sold as $5 for 3 half-gallons.  In other words, we would pay $5 for 1.5 gallons of milk.  Now, if we think about this as a fraction, we have [image: image64.png]


 .  If we do something similar for the single gallon for $2.99, we have [image: image66.png]§2.99



 .  Now we have two fractions that we need to compare.  We can do this using either method on the handout.  If we use the cross-multiplication method, and some estimation with compatible numbers, we would have: [image: image68.png]


 and  [image: image70.png]


.  This tells us that the $3 for 1 gallon is the better deal.  We could have also used common denominators.  In that case, we would have put both fractions over 3 and gotten: [image: image72.png]10



  and [image: image74.png]


  .

(We do) If another brand of ice cream is on sale for 2 for $5, should we get it or the one in our original list for $2.74?  Have the students walk you through solving this.  The one on sale is cheaper as it would be $2.50 for one.

(You do) Have the students work alone on whether they should buy a 12 ounce can of pop for $0.50 or a 20-ounce bottle for $1.25. (The can is the better deal.)

5. Now we are going to incorporate the two ideas together.  Give them the Keeping Costs Down handout.

(I do) Looking at the first problem, go over how to solve Steve’s dilemma.

We no longer have that $20 constraint.  Instead, we just want to estimate his total cost.  First, however, we must figure out the cost of each item.  This means we need to figure out the better deals on bread and orange juice.  We will compare fractions to find the better cost, then use compatible numbers to estimate total cost.  For the bread, we are comparing [image: image76.png]§1.79



  and [image: image78.png]33



  .  This may actually be easiest to just reduce the second fraction so that we have [image: image80.png]§1.79



  and [image: image82.png]$1.50



  .  Thus, the second one is the better deal.  For the orange juice, we are comparing [image: image84.png]§3.19



  and [image: image86.png]37



  .  Again, it may be easiest to reduce the second fraction and get [image: image88.png]§3.19



  and [image: image90.png]$3.50



  , making the first the better deal.  Now, we have our list of prices:

Eggs $1.49

Bread $1.50

Orange juice $3.19

Watermelon $3.88

Rounding to compatible numbers, we get:

Eggs $1.50

Bread $1.50

Orange juice $3.20

Watermelon $3.80

And so, our final price is about $10.

(We do) Have the class walk you through solving Maryann’s problem.  In the end, you should get that the 3 for $5 cottage cheese is the better deal, and that the final estimated cost is about $10.50.

(You do) Have the students do the final two problems to turn in to you.  For Kathryn, the gallon is the better deal, as are the individual cans of corn.  The final cost is about $9.50.  And for Frank, the $2.50 bagged salad is cheaper as is the $4.59 fish.  His estimated cost is about $17.

	RESOURCES
SmartPAL kit

· Inserting a blank sheet of paper into the sleeves will give students a reusable sheet of paper that they can quickly try answers out on and erase without using up a pencil eraser.  It’s quicker as well.

Chalk/white board

Student copies of Rounding and Ordering Handout (attached)

Student copies of Keeping Costs Down Handout (attached)


	
	DIFFERENTIATION



	Reflection
	TEACHER REFLECTION/LESSON EVALUATION



	
	Additional Information

Next Steps

Rounding can be further explored until students are confident in rounding to any place value.  Once roots and exponents are covered, ordering numbers with those involved will follow this plan as well.  The fraction comparisons are more like unit rates and proportions.  Each of those topics would be great follow-ups.
Purposeful/Transparent

Since students want to be able to estimate total costs and compare prices, the instructor will use examples involving products found in stores to aid in instruction.
Contextual 

Based on our needs as humans, everyone is going to need to buy something at some point in time.  Being able to estimate the cost before getting to the register can help save any unnecessary embarrassment that could arise if not enough money is on hand.  In addition, it can help save money by estimating which of two similar products is the better cost.  Being able to order or compare numbers allows us to determine better cost as well.
Building Expertise

Building upon the ability to convert among fractions, decimals, and percents, students can now compare and order these numbers.  This will open up the possibility of doing algebraic problems using decimals and percents.  Estimation allows students to reflect on their solutions to problems.  By coming up with an initial estimate, students will be better able to gauge whether their actual solution is reasonable or not.



Keeping Costs Down

In each of the following scenarios, a customer is at the store with a shopping list.  They have run into two issues.  First, they have found a sale item and want to know if it really is more cost efficient.  Second, they want to estimate the total of the items in their cart before they get to the register. (Note: Food items do not have tax.)

	[image: image91.png]Shepping Li

Eggs-$149
Bread $2.79 or 2 for $3
Orange juice

$3.19 or 2 for $7
Waternelon $3.88
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Steve runs to the store one afternoon for a few items.  Which bread and orange juice should he buy?  And based on those items, estimate his final cost.
	[image: image92.png]Shepping List

1« Buns $1.57
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Maryann needs to pick up some items for a barbeque this weekend.  Help her decide what the best deal is and then estimate her total cost.

	[image: image93.png]% "; Grocery List
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g

Milk: Gallon - $2.44
1/2 Gallon - 2/$3

2. cans of corn: 3/32.
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Kathryn needs the items above for dinner tonight.  Some items are on sale.  Which is the better deal?  Then estimate her total cost based on which items she buys.
	[image: image94.png]Mile - 3299
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$2.50 or 2/367
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If Frank needs to get the above items, which will he choose to be the most cost effective?  What will his estimated final price be?


Rounding and Ordering

A Guide

Rounding
Rounding numbers requires some background knowledge of place value.  Place value is determined by the position a digit is in with respect to the decimal point.  For example, as we move to the left from the decimal point, we have the place values of ones, tens, hundreds, thousands, and so on.  To the right of the decimal point we have the tenths, hundredths, thousandths, and so on.  This can be seen more clearly in the table below.

	Place Value

	
	Thousands
	Hundreds
	Tens
	Ones
	.
	Tenths
	Hundredths
	Thousandths

	3,572.041


	3
	5
	7
	2
	.
	0
	4
	1

	0.019


	
	
	
	0
	.
	0
	1
	9

	51.2


	
	
	5
	1
	.
	2
	
	


When it comes to rounding, a three-step process can be followed:

1. Find the digit that corresponds to the place value you are rounding to.

For instance, if we take the first number in our chart (3,572.041) and round it to the nearest 10, then we know that the 7 is in the place we are rounding to.

2. Look to the digit to the right of the place we are rounding to.  There are two possibilities here.

a. If the digit is between 0 and 4, we round down.  This means that the digit of the place we are rounding to stays the same.

b. If the digit is between 5 and 9, we round up.  This means that the digit of the place we are rounding to increases by one.

3. All digits to the right of the place we are rounding to become 0.

Ordering/Comparing

Decimals
Putting decimals in order from least to greatest can be tricky.  If you are given the numbers 1.37, 1.307, and .72, how do you know which comes first?  When dealing with whole numbers, the greatest was the one with the most number of digits.  If there was a tie, it was the one with the largest leading digit.  However, now that we have introduced place value, we can think about this differently.  As with rounding, there are a set of steps that can be followed to order these numbers.

1. Place the numbers so that their decimal places are aligned.  A place value chart may be helpful.

	Place Value

	
	Ones
	.
	Tenths
	Hundredths
	Thousandths

	1.37


	1
	.
	3
	7
	

	1.307


	1
	.
	3
	0
	7

	.72


	0
	.
	7
	2
	


2. With the numbers aligned, look at the largest place value (the one furthest to the left).  Since we are ordering from smallest to largest, we want the smallest value in that column as that will be the smallest number.  

3. If there is a tie, as with whole numbers, you go to the next place value.  So, in the chart above, you would then look at the tenths place.  (Note: If you get to a place where a number does not have a digit in a particular place value, you can put a zero there as a place holder.)

Fractions

One way to compare fractions would be to convert them into decimals and then order them using the method above.  However, it is not necessary to change them into decimals first.  There are two other methods to compare fractions.

Common Denominators

1. The first method involves finding a common denominator for the two fractions.  If we are comparing the fractions [image: image96.png]


 and [image: image98.png]


 , we can change them into equivalent fractions over a common denominator, namely [image: image100.png]24



 and [image: image102.png]24



 .  

2. Now we must only compare the numerators.  Since 20 is less than 21, [image: image104.png]24



 is less than [image: image106.png]24



 .

Cross Multiplication
1. The other method requires us to cross multiply.  The idea here is we are taking [image: image108.png]


 versus [image: image110.png]


.  We will multiply the numerator of one fraction by the denominator of the other, and vice versa.  This gives us:
[image: image127.png][image: image112.png]


  versus [image: image114.png]


 

     [image: image116.png]


         [image: image118.png]


  =  [image: image120.png]7-



 versus [image: image122.png]8-



  = 42 versus 40
2. The resulting products can now be compared as whole numbers.  To decide which fraction was larger, the products go with fraction whose numerator was one of its factors.  In the above example, 42 goes with [image: image124.png]


 and 40 goes with [image: image126.png]


.
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