Planning Guide: Estimation Strategies

Sample Activity 3: Estimating Using Compatible Numbers and Compensation  

i.
Multiplying 2-digit by 2-digit Whole Numbers

The compatible numbers strategy is a method of estimating computations by using "friendly" or "nice" numbers that can be easily calculated mentally.  
Provide the students with problem-solving contexts requiring the multiplication of two 2-digit whole numbers. Model estimating the product using the compatible numbers strategy. Then encourage the students to refine the estimate by using compensation, if necessary. For example:
Problem:
To raise money at school, 24 students each sold 36 chocolate bars. Estimate how many chocolate bars the students sold.

Solution:
Through discussion, have the students establish the fact that the operation used in this problem is multiplication. Write "compatible numbers strategy" on the board and state that this strategy will be used to estimate the product in the problem. Review the meaning of compatible; i.e., things that are compatible work well together. Explain that compatible numbers are numbers that you can multiply easily in your head.

Explain that the compatible numbers strategy often uses numbers that are multiples of 10 because these numbers are easy to multiply in your head. Therefore, 24 becomes 20 and 36 becomes 40. Review multiplying by 10s and rewriting each number as a product of 10.

Write "24 × 36" on the board.
Then rewrite it using the compatible numbers strategy:  20 × 40.

If necessary, rewrite "20 × 40" as "2 × 4 × 10 × 10 = ?"  

Finally, write "20 × 40 = 800."
This completes the estimation using the compatible numbers strategy. Have the students discuss whether or not they think 800 is a close estimate to the actual product and why or why not. A sample explanation might be: "Since 24 was decreased to 20 and 36 was increased to 40, then the product should be very close because the increase and decrease even things out." Explain that sometimes compensation is not needed because the estimated answer is already very close to the actual product.

Final estimate:  800

Answer to the problem: The students sold about 800 chocolate bars.   

Encourage the students to calculate the answer to the problem using a personal strategy and then compare the calculated answer to the estimated answer.

Note: 
Compensation is usually not needed when one factor is increased the other factor is decreased to make compatible numbers. However, compensation is needed when finding the product of two 2-digit numbers using compatible numbers in the following examples:

· 43 × 84 = ?  Compatible numbers:  40 × 80. Estimated product is 3200.
The estimate is too low because both factors in the product were decreased. Using compensation, the final estimated product is about 3600.

· 79 × 58 = ?  Compatible numbers: 80 × 60. Estimated product is 4800.

The estimate is too high because both factors in the product were increased.  Using compensation, the final estimated product is about 4600.

ii.
Dividing 3-digit Numbers by 1-digit Numbers
In preparation for using the compatible numbers strategy to estimate the quotient of a 3-digit number by a 1-digit number, review division facts and explain that the numbers used in division facts are "nice" or "friendly" numbers because you can divide them in your head.
Also, review the pattern in dividing multiples of 100 by a single digit number: 800
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2 = 400 because 2 × 400 = 800, 800
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4 = 200 because 4 × 200 = 800, 800
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8 = 100 because 
8 × 100 = 800.

Provide the students with problem-solving contexts requiring the division of a 3-digit number by a 1-digit number. Model estimating the quotient using the compatible numbers strategy. Then encourage the students to refine the estimate by using compensation, if necessary. For example:
Problem:
A string that is 315 cm long is to be cut into 4 pieces of equal length. Estimate how long each piece will be.

Solution:
Through discussion, have the students establish the fact that the operation used in this problem is division.

Write "compatible numbers strategy" on the board and state that this strategy will be used to estimate the quotient in the problem. Explain that the compatible numbers strategy requires that the numbers in the problem be rewritten using common number facts. Through discussion, have the students realize that numbers close to 315 that can be easily divided by 4 include 280 and 320.
Write "315 
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4" on the board.
Then rewrite it using the compatible numbers strategy: 280
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4 and also 320
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4.
If necessary, rewrite the divisions as a multiplication: 4 × ? = 280 and 4 × ? = 320.
Finally, write 280 
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 4 = 70 and 320 
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 4 = 80.
Explain that the quotient of 315 
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 4 is greater than 280 
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 4 = 70 and less than 320 
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 4 = 80. Have the students decide whether the estimate is closer to 70 or 80. Possible explanation: "Since 315 is closer to 320 than it is to 280, then the estimate is closer to 80, say 78.

Answer to the problem: Each piece of string is about 78 cm long.

Encourage the students to calculate the answer to the problem using a personal strategy and then compare the calculated answer to the estimated answer.

iii.
Adding and Subtracting Decimals

In preparation for using the compatible numbers strategy to estimate the sum or difference of decimals, review place value and the meaning of decimals. Explain that often an approximate value for a decimal that is used in estimation is the closest whole number that the decimal represents. For example, 3.255 can be approximated as about 3 or the value of 4.885 is about 5.
When using the compatible numbers strategy, the decimal part of the number may or may not be used to approximate the value of the decimal, depending on the choice of compatible numbers. When the decimal has two or more digits before the decimal, these digits are rewritten as a multiple of 10 or 100 for ease of mental computation.
After the students approximate decimals by using whole numbers, then have them use the compatible numbers and compensation strategies that they learned previously for adding and subtracting whole numbers.

Provide the students with problem-solving contexts requiring the addition or subtraction of decimals. Model estimating the product using the compatible numbers strategy. Then encourage the students to refine the estimate by using compensation. For example:
Problem:
You have 136.5 cm of red ribbon and 26.2 cm of green ribbon.

a.
Estimate how much ribbon you have in all.

b.
Estimate how much more red ribbon you have than green ribbon.

Solution:

a.
Through discussion, have the students establish the fact that the operation used in this problem is addition. Write "compatible numbers strategy" on the board and state that this strategy will be used to estimate the sum in the problem.

Explain that the compatible numbers strategy uses numbers that are easy to add in your head, such as multiples of 10 or 100. Therefore, 136.5 can be rewritten as 140. Also, 26.2 can be rewritten as 30.
Write "136.5 + 26.2" on the board.
Then rewrite it using the compatible numbers strategy:  140 + 30.

Finally, write "140 + 30 = 170."
This completes the estimation using the compatible numbers strategy, but encourage the students to refine the estimate by using compensation. Explain that the compensation strategy is used to adjust the estimate to make it closer to the actual sum. Ask the students whether 170 is more or less than the actual sum and why they think so. A sample explanation might be: "Since 136.5 is less than 140 and 26.2 is less than 30, then 136.5 + 26.2 is less than 170."
Write "136.5 + 26.2 is less than 170" on the board.  

Have the students make suggestions for a value of the refined estimate. Sample response:  Since 4 was added to 36 to make it 40 and 4 was also added to 16 to make it 30, then decrease the estimate by 8. 

Final estimate:  170 – 8 = 162.

Answer to the problem: The total length of the two ribbons is about 162 cm long. 

Encourage the students to calculate the answer to the problem using a personal strategy and then compare the calculated answer to the estimated answer.

b.
Use a similar process for finding the difference between the two decimals. The compatible numbers strategy will result in rewriting 136.5 – 26.2 as 140 – 30 = 110. Explain that this is a good estimate and compensation is not needed because 4 was added to each of the numbers, thereby keeping the difference constant. Use other simpler examples to reinforce the concept of constant difference; e.g., 8 – 5 = 10 – 7 because 2 is added to 8 and also to 5.

Answer to the problem: The red ribbon is about 110 cm longer than the green ribbon. 

Encourage the students to calculate the answer to the problem using a personal strategy and then compare the calculated answer to the estimated answer.








































Look For …


Do students:


explain how the digits after the decimal may be used to approximate the value of a decimal?


explain when the digits after the decimal may be used in estimating the sum or difference?


apply their knowledge of  addition and subtraction number facts?


explain the connection between addition and subtraction? 


explain the reason for using compensation along with the compatible numbers strategy to refine the estimated sum or difference?


communicate clearly how to use the compatible numbers strategy?


communicate clearly how to use compensation to make an estimate more accurate?











Look For…


Do students:


effectively divide using multiples of 100 in the dividend?


apply their knowledge of  division number facts?


explain the connection between division and multiplication?


explain that the compatible numbers strategy will produce an underestimate or an overestimate so compensation is needed to refine the estimate?


communicate clearly how to use the compatible numbers strategy?


communicate clearly how to use compensation to make an estimate more accurate?


 





Look For …


Do students:


effectively multiply using multiples of 10?


apply their knowledge of  multiplication number facts?


generalize a rule for multiplying two 2-digit numbers using multiples of ten? 


explain the reason for using compensation along with the compatible numbers strategy to refine the estimated product?


communicate clearly how to use the compatible numbers  strategy?


communicate clearly how to use compensation to make an estimate more accurate?
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