NAME: _____________________________
Title: Chi-Square Analysis of M&M colors

Purpose:
· To practice using chi-square analysis (note: this is a one-way chi-square test done on 6 colors)
· To practice formulating hypotheses for chi-square tests and general hypotheses
· To compare the observed and expected numbers of each of the 6 colors of M&M’s in a bag

Chi-Square Analysis of M&M Colors
In a regular bag of M&M’s there are six colors of chocolates: red, orange, yellow, green, blue, and brown.  The M&M company has not published the ratio of colors in each bag since 2011.  In this lab we are interested in the number of chocolates of each color of M&M’s in the bag.

Null Hypothesis:
There is NO statistically significant difference between the observed numbers in each category. Any differences are due to RANDOM CHANCE alone.

Write out the null hypothesis for this activity
	







Materials:
bagged M&M’s		paper towel to count M&M’s on (optional)
calculator			datasheet

Procedure:
1. Write out a null hypothesis for this activity.
2. As a group, obtain count of total number of M&M’s in your bag.
3. As a group, determine the actual number of each color in the bag.
a. Record in Data Table A
4. Working on your own, determine the expected number of each color from the bag.  Do not round when calculating the expected value. The expected number of M&M’s of each color does not need to be a whole number.     
a. Record data in Data Table A
5. Working on your own, fill out Data Table B.  You will fill in the observed and expected values from steps 2 and 3. Then you will calculate the (observed-expected) values, the squares of the (observed-expected) values, and the Chi-Square values.  Do not round in any step.   If space becomes an issue, try to retain at least three decimal places (retain data to the thousandth).
6. Working on your own, determine degrees of freedom (number of classes – 1) and record in Data Table B.
7. Use the 0.05 probability level as the significance level to find the critical value based on the degrees of freedom (df) for this test.  Note that this critical value table is reverse of the one we saw before.  For this chi-square table the rows are degrees of freedom and the columns are the level of significance.  You should be able to use both types of tables as you will frequently be exposed to both versions.
a. If the calculated sum of chi-squares value is less than the critical value, we accept the NULL hypothesis.
b. If the calculated sum of chi-squares value is greater than the critical value, we reject the NULL hypothesis.
8. Once everyone in your group has finished, share your data with the rest of your group.  Did everyone come to the same conclusion?  If people came to different conclusions, work to come to a common agreement.
9. Share your data with your classmates and individually complete Data Tables C & D using class totals.  Draw a conclusion for the class.

  

***Remember, your chi-square value is the sum of    for each cell in your table***

  tutorial http://www.ndsu.nodak.edu/instruct/mcclean/plsc431/mendel/mendel4.htm


	 Table for Finding Critical Value
	
	Probability

	Degrees of
Freedom 
	0.9 
	0.5
	0.1
	0.05
	0.01

	1 
	0.02
	0.46
	2.71
	3.84
	6.63

	2 
	0.21
	1.39
	4.61
	5.99
	9.21

	3 
	0.58
	2.37
	6.25
	7.81
	11.34

	4 
	1.06
	3.36
	7.78
	9.49
	13.28

	5 
	1.61
	4.35
	9.24
	11.07
	15.09



	* If the   is smaller than the critical value for the indicated degrees of freedom, then we accept the null hypothesis that the variation in species distribution among habitat types is due to chance (random) variation.
**If the  is larger than the critical value for the indicated degrees of freedom (# classes1), then we reject the null hypothesis and conclude that the two species are not equally distributed among the habitat types.






Data Table A: Expected and Observed M&M’s of each color from your group.
	Observed (number)

	
	Red
	Yellow
	Blue
	Orange
	Green
	Brown
	Total

	M & M


	
	
	
	
	
	
	

	Expected (number)

	M&M


	
	
	
	
	
	
	



	Data Table B:   Calculations for M&M’s from your group

	
	A
	B
	C
	D
	E

	
	Obs
	Exp
	(Obs-Exp)
	(Obs-Exp)2
	

	Red
	
	
	
	
	

	Yellow
	
	
	
	
	

	Blue
	
	
	
	
	

	Orange
	
	
	
	
	

	Green
	
	
	
	
	

	Brown
	
	
	
	
	

	  
	

	Degrees of Freedom
	

	Accept or reject null hypothesis?
	



Discussion and Analysis based on group data:
Are the numbers of each color of M&M distributed statistically equally? Make a formal statement based on whether you accepted or rejected the null hypothesis. This is where you make a statistical statement.  Explain.




Draw a conclusion from the result of the test. This is where you frame the statistical result in terms of the purpose of this exercise. 





If you rejected the null hypothesis, make a new hypothesis as to why you rejected it.   This will be a hypothesis as to why the observed number of M&M’s of each color did not match the expected numbers.
[bookmark: _GoBack]


Data Table C: Expected and Observed Counts of Each Color of M&M for the Class
	Observed (number) – CLASS TOTALS

	
	Red
	Yellow
	Blue
	Orange
	Green
	Brown
	Total

	M & M


	
	
	
	
	
	
	

	Expected (number) – Based on class totals

	M&M


	
	
	
	
	
	
	



	Data Table D:   Calculations for M&M’s using Class Data

	
	A
	B
	C
	D
	E

	
	Observed
	Expected
	(Obs-Exp)
	(Obs-Exp)2
	

	Red
	
	
	
	
	

	Yellow
	
	
	
	
	

	Blue
	
	
	
	
	

	Orange
	
	
	
	
	

	Green
	
	
	
	
	

	Brown
	
	
	
	
	

	  
	

	Degrees of Freedom
	

	Accept or reject null hypothesis?
	



Discussion and Analysis based on class data:
Are the numbers of each color of M&M distributed statistically equally? Make a formal statement based on whether you accepted or rejected the null hypothesis. This is where you make a statistical statement.  Explain.




Draw a conclusion from the result of the test. This is where you frame the statistical result in terms of the purpose of this exercise. 
