Cubes in a Sack
Adapted from “Tiles in the Bag (version 2), “About Teaching Mathematics”, Marilyn Burns

Grade Level:  7

Approximate Time: 45 - 60 minutes

Pre-requisite knowledge:  
(7.SP.5) Understand that the probability of a chance event is a number between 0 and 1 that expresses the likelihood of the event occurring. Larger numbers indicate greater likelihood. A probability near 0 indicates an unlikely event, a probability around 1/2 indicates an event that is neither unlikely nor likely, and a probability near 1 indicates a likely event.

Iowa Core Standards in this Lesson: 
(7.SP.6)  Approximate the probability of a chance event by collecting data on the chance process that produces it and observing its long-run relative frequency, and predict the approximate relative frequency given the probability.

Materials Needed:  Recording sheet, paper sacks filled with 30 color cubes in the following ways:
25 red and 5 blue cubes
20 red and 10 blue cubes
10 red and 20 blue cubes

Launch

Have students form partnerships. Show students a paper sack with red cubes and blue cubes.  Tell them there are 30 cubes in the sack.  

Discuss with your partner this question:  “Without dumping out the contents of this sack and with only looking at one cube at a time, how can I conjecture how many cubes are red and how many are blue?”

If students suggest that you pull out one cube at a time without replacement, emphasize that you can only see one cube at a time so you have to put it back into the bag after you note its color.

Students may suggest that you take out a cube, see what it is, replace it, and repeat several times.

Explore 

Each partnership will get a sack of cubes and a recording sheet.  Tell the students that each sack contains 30 cubes, some red and some blue, but in one of the following ways:  

Combination A:	25 red and 5 blue cubes
Combination B:	20 red and 10 blue cubes
Combination C:	10 red and 20 blue cubes

Tell the students not to look at the contents of the sack until told to do so.  Each partnership will try to determine which of the three combinations they have in the following way:

There will be 25 draws in all.  One student will draw out a cube, note its color, and then return it to the sack.  The partner will record which color it was.  It is good practice to shake the sack between draws.

After 10 draws, compute the percentage of red cubes you have drawn.  What is your prediction as to which sack you have?

Do 10 more draws.  After 20 draws, compute the percentage of red cubes drawn.  What is your prediction as to which sack you have?

Finish the last 5 draws and compute the percentage of red cubes drawn.  Using your results from all the draws, what is your prediction as to which sack you have?

Using your collected data, write an argument to support your prediction.  


After students have finished writing their arguments, partnerships who predicted the same combination will meet together to share their written arguments.  Then have students open their sacks to see how many red and how many blue cubes are inside.  

Discuss and answer the following question: 

In your combination, if you did 300 draws, how many times do you anticipate getting a red cube?  Why?

Summarize

Close the lesson with the following questions:

· Did any partnership predict a different combination than what they had?
· What number of samples would have made you most confident in your prediction?
· How did your group respond to the question about 200 draws?  See possible answers below:

Combination A:  250, because of every 30 draws, 25 should be red.  300 is 10 times 30, so 10 x 25 = 250
	See below also.
Combination B:  200, see above.  Also, the probability of getting a red is  or .  So 300 times is 200
Combination C:  100, see above.

Are these answers guaranteed to occur?  Explain.


Additional Clarifying Activity:  In the Bag, (Copyright © University of Cambridge. All rights reserved) http://nrich.maths.org/6016

Have students play this individually or in their partnerships.  Ask these questions after the activity:
· How does the technology assist you in making predictions? 
· How does the technology help in observing long run results?

Ten marbles of varying colours are chosen at random and placed in a bag.
Can you guess the colours of the 10 marbles in the bag? 

To help you make accurate predictions you can choose to see the results of 10 viewings - each viewing removes a marble out of the bag, records its colour and returns it to the bag before repeating the process.

You can choose to have as many viewings as you like before deciding to "Make a Guess". 
Each Round concludes when you have made a guess.

[image: ]


Can you reach a score of 1000 points? 

You start with 500 points. Each run of 10 viewings "costs" you 10 points but you can "earn" points by predicting accurately the contents of the bag:

150 points for a perfect match
100 points for 9 matching marbles
0 points for 8 matching marbles
-100 points for 7 or fewer matching marbles.

Can you develop an effective strategy for reaching 1000 points?
Can you develop an effective strategy for reaching 1000 points in the least number of rounds?
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Final Questions:  Were you surprised by anything?  When did you know enough to make a confident guess?
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