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Chi Square Modeling Using M & M’s Candies

Introduction:  
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Have you ever wondered why the package of M&Ms you just bought never seems to have enough of your favorite color?  Or, why is it that you always seem to get the package of mostly brown M&Ms?  What’s going on at the Mars Company?  Is the number of the different colors of M&Ms in a package really different from one package to the next, or does the Mars Company do something to insure that each package gets the correct number of each color of M&M?  You’ve probably stayed up nights pondering this!

One way that we could determine if the Mars Co. is true to its word is to sample a package of M&Ms and do a type of statistical test known as a “goodness of fit” test.  These type of statistical tests allow us to determine if any differences between our observed measurements (counts of colors from our M&M sample) and our expected (what the Mars Co. claims) are simply due to chance sample error or some other reason (i.e. the Mars Co.’s sorters aren’t really doing a very good job of putting the correct number of M&M’s in each package).  The goodness of fit test we will be doing today is called a Chi Square Analysis.  This test is generally used when we are dealing with discrete data (i.e. count data, or non continuous data). We will be calculating a statistic called a Chi square or X2 We will be using a table to determine a probability of getting a particular X2 value.  Remember, our probability values tell us what the chances are that the differences in our data are due simply to chance alone (sample error).
The Chi Square test (X2) is often used in science to test if data you observe from an experiment is the same as the data that you would predict from the experiment.  This investigation will help you to use the Chi Square test by allowing you to practice it with a population of familiar objects, M&M candies. 
Objectives:  After this investigation you should be able to: 
· write a null hypothesis that pertains to the investigation;

· determine the degrees of freedom (df) for an investigation;

· calculate the X2 value for a given set of data;

· use the critical values table to determine if the calculated value is equal to or less than the critical value;

· determine if the Chi Square value exceeds the critical value and if the null hypothesis is accepted or rejected.

Materials:

· several Bags of M&M or other colored candies

· cups or other containers to hold candies

· calculator (one for every 2 students)

critical value table 
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M&M DATA (Individual)
Here are the percentages given by M&M on their website for each color (updated 1/15/15). 

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

Table 1
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Color of Candy
	Number Observed (o)
	Percentage Expected
	Number Expected (e)

(Total number of all pieces of candy X  Percentage Expected)
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Table 2

	Colors
	Observed

(o)
	Expected

(e)
	o-e
	(o-e)2
	(o-e)2
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Degrees of freedom = _________


                                                   (   =  __________

            (number of classes – 1)

Analysis Questions:  

1.
What is the X2 value for your data?   __________________

2.
What is the critical value (p = 0.05) for your data?  _____________

3.
Is your null hypothesis accepted or rejected?  Explain why or why not.


______________________________________________________________________________________


______________________________________________________________________________________

Analysis Questions:  

Notice that a chi-square value as large as 1.16 would be expected by chance in 90% of the cases, whereas one as large as 15.09 would only be expected by chance in 1% of the cases.  The column that we need to concern ourselves with is the one under “0.05”.  Scientists, in general, are willing to say that if their probability of getting the observed deviation from the expected results by chance is greater than 0.05 (5%), then we can accept the null hypothesis.  In other words, there is really no difference in actual ratios.  Stated another way…any differences we see between what Mars claims and what is actually in a bag of M&Ms just happened by chance sampling error).  Five percent!  That is not much, but it’s good enough for a scientist.

If however, the probability of getting the observed deviation from the expected results by chance is less than 0.05 (5%) then we should reject the null hypothesis.  In other words, for our study, there is a difference in M&M color ratios between actual store-bought bags of M&Ms and what the Mars Co. claims are the actual ratios.  Stated another way…any differences we see between what Mars claims and what is actually in a bag of M&Ms did not just happen by chance sampling error.

Individual Data

1. What is the X2 value for your Individual data?   __________________

2. What is the critical value (p = 0.05) for your Individual data?  _____________

3. Based on your individual sample, should you accept or reject the null hypothesis?  Why?

4. If you rejected your null hypothesis, what might be some explanations for your outcome?
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