Lesson Plan

 “The Blue M&M™Problem” 

Adapted from “Contemporary Mathematics in Context:  Course 3 (2003)”
Grade Level:  7

Approximate Time:  45 - 60 minutes
Pre-requisite knowledge:  
(6.SP.2) Understand that a set of data collected to answer a statistical question has a distribution which can be described by its center, spread, and overall shape.

(6.SP.4) Display numerical data in plots on a number line, including dot plots, histograms, and box plots.

(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.

Iowa Core Standards in this Lesson:  
(7.SP.1)  Understand that statistics can be used to gain information about a population by examining a sample of the population; generalizations about a population from a sample are valid only if the sample is representative of that population. Understand that random sampling tends to produce representative samples and support valid inferences. 
(7.SP.2)  Use data from a random sample to draw inferences about a population with an unknown characteristic of interest. Generate multiple samples (or simulated samples) of the same size to gauge the variation in estimates or predictions. 
 (7.SP.7.) Develop a probability model and use it to find probabilities of events. Compare probabilities from a model to observed frequencies; if the agreement is not good, explain possible sources of the discrepancy. 

a. Develop a uniform probability model by assigning equal probability to all outcomes, and use the model to determine probabilities of events.

b.  Develop a probability model (which may not be uniform) by observing frequencies in data generated from a chance process. 
Materials Needed:   Individual bags of M&M’S™ (at least 50 in a bag, 1.69 oz size), paper plates, technology

Launch

Present the class with the following scenario:

Finley loves to go to the grocery store with her dad, Mike, and help him do the grocery shopping because she gets to pick out a treat for the car ride home.  Her treat of choice is usually plain M&M’S™ Milk Chocolate Candies.  Finley often dumps the entire bag out on her lap and sorts the candies by their color.  She especially likes the blue ones.

Like any other weekend, Finley and Mike made a trip to grocery store where Finley picked out a treat for the car ride home.  Like any other car ride home, Finley dumped her bag of M&M’S™ out on to her lap and sorted them by color.

However, unlike any other car ride home from the grocery store, Finley was sad. She said  “I need a new bag of M&M’S™...this bag is bad…there are only 8 blue ones!”
Was Finley’s bag of M&M’S™ “bad”?  How could you decide?

Have the students discuss their conjectures with an elbow partner.  After a few minutes, have the students share some of their thoughts with the entire group.  Record them on the board or chart paper.  Do not indicate correctness or lead them in any way.

Explore 

Ask the class:  How can we randomly sample bags of M&M’S™as a class?  What considerations need to be made to make sure it is a valid sampling procedure? Let the students make some suggestions so as to discuss what would be random and what would not.
Distribute an M&M’S™ package and paper plate to each student.  Direct the students to follow the process listed below.
· Open your bag of M&Ms™
· Dump out your bag and all the M&Ms™ onto a paper plate (do not eat any at this time)
· How many in excess of 50 do you have?  Remember that number.
· Mix them all up again.
· Close your eyes and randomly remove enough M&Ms™ so that you have 50 left.  This is your random sample of 50 M&Ms™.
· Count the number of blues in your random sample 50 M&Ms™.
· Record your “number of blues” on a post-it note.
Use the following questions for discussion:

· Based on your sample, is Finley’s bag “bad”?  Explain. 

· Based on the samples at your table, is Finley’s bag “bad”?  Explain. 
Have students place their post-it notes appropriately on the class line plot.  Direct the class to look at the combined data.

Use the following questions for discussion:

· Based on the samples of ALL your classmates, is Finley’s bag “bad”?  Explain.
· Do you have enough information to make this decision now? 

The class will use technology to simulate multiple bags of M&M’S™ being tested by using random binomial command.  To further understand what “binomial” means, read the following:

The Binomial Setting

1. Each observation falls into one of just two categories, which for convenience we call “success” or “failure”.

2. There is a fixed number n of observations.

3. The n observations are all independent.  That is, knowing the result of one observation tells you nothing about the other observations.

4. The probability of success, call it p, is the same for each observation.

For this problem, the following is the case:

1. We are concerned with observing whether the M and M is blue or it is not (our 2 categories)

2. We are looking at 500 bags of candies.

3. One bag’s results does not depend upon another bag’s results

4. According to the company which produces M and M’s, 24 percent of the bag should be blue.  So the probability of success (getting a blue) is .24 per bag.

The Simulation:

Open up Core Math Tools
Choose “Simulation Menu”.  Select the “build” pull down menu, then selecting “distribution”, followed by “random binomial”.  

This will allow you to build a binomial situation.  The defaults of n=100 and p=0.5 can be changed by double-clicking near the text beginning with "Binomial."  Two text boxes will appear where you will enter new values to change the value of n (number of trials) or p (probability of success). The number of trials for our problem is the number of M&M’s in our sample (50) and the probability of getting a blue (.24).  Place these numbers in the appropriate boxes.
On the right top of the screen will be the command “Conduct” with a changeable value.  In this box you can place any number to represent the packages of M&M’s you wish to simulate.  This could be the number of students in the class.  Under the View pull down menu, check the “model”, “table”, and “graph”.  

Perform the simulation by pressing “conduct”.  As students look at their results, ask the class if they have enough data to decide if Finley’s package is a “bad” one.  Students may decide that they might need to have more bags and can press conduct again (note how the graph will change).

Let your students experiment and discover how they can change the number of simulations or even has continuously run simulations.  Visit the “help” menu to get further information on how this program works.  As the program runs, students may notice how technology can make their decision more informed
	Key ideas/important points
	Teacher strategies/actions

	Samples in a simulation must be random.

Manufacturing quality control looks for the “Rare Event” by sampling to decide if a product is not being made within guidelines.


	Teacher will provide students with packages of candy and will have them randomly reduce the size of the sample to 50.  

The teacher will have students decide from their work whether 8 blue M&Ms are a rare event or not given the company guidelines of 24% blue in a bag.  They will do this through their creation of a binomial distribution with technology.


Guiding Questions

	Good questions to ask
	Possible student responses or actions
	Possible teacher responses

	Why do you have to mix up your M&M’S™ and close your eyes before you eliminate that number above 50?


	So that the sample is still random.

I don’t know.


	Why is that important?

If you know what M&M’S™ you take out, is it still random?

	Why do we use technology?
	It would take “forever” to gather data from 500 bags (and cost a lot)

I don’t know
	What if someone did the work for us?  What else does the tech do for us in addition to simulating the data?

What would it cost us in time and money to do this data gathering by using 500 bags of candy?  What if we wanted to use 1000 bags?


Misconceptions, Errors, Trouble Spots

	Possible errors or trouble spots
	Teacher questions/actions to resolve them

	Students may not see why they cannot just remove any excess candies they want, especially not removing any “blues”.


	“If you choose to remove certain candies rather than mixing them and closing your eyes to do so, is your sample random?  If you did it your way, what would always happen to the percentage of blues?  If you mixed them and closed your eyes, is it possible that some blues will be removed?  Does that make it more or less random?”


Summarize

After the completion of the simulation, have the class discuss the following questions as a whole group:

How was the idea of spread displayed in this lesson?  Explain.

How was the idea of shape shown in this lesson?  Explain.

How was the idea of center used in this lesson?  Explain.
Is Finley’s bag of M&M’S™ “bad”?  Explain.

These questions address the students’ looking at the graph results of the simulation.  The spread involves the range and variability that is possible with the samples.  Students can look at what numbers of candies may be more central. That can be coupled with shape by looking at the symmetry of the graph. The center helps students to decide whether 8 blue candies is bad or not.  All of these things are done with looking at the graph as opposed to looking at numerical summaries of mean and median by using the graph holistically to make the decision of whether the bag was “bad”.

Check for Understanding
What will happen if we continue to simulate bags of M&M’S™ over a long period of time?.
Notes

Fun Facts about M&M’s colors found at 

http://www.sensationalcolor.com/color-trends/most-popular-colors-177/mam-colors.html
The Colors in the Bag:  M&M’s Plain

A bag of M&M's Plain candy has the following color mix: 

 

24% Blue 
20% Green 
16% Orange
14% Yellow
13% Red
13% Brown

Prior to replacing Tan with Blue the M&M's Plain color mix was:

30% Brown
20% Yellow
20% Red
10% Green 
10% Orange
10% Tan
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