(2  Hypothesis Test for Independence (in a Contingency Table)

Lina is a statistics student doing a project to compare ice cream flavor preferences at 3 ice cream stores in different cities.  She wants to determine if customer preferences follow the same pattern in all cities, or if customer flavor preferences vary by location.  She will select a sample of customers at each store and compare the proportions of customers who purchase each flavor at each store.  Assume that the are only 3 flavors of ice cream.  

	Part A:
	Suppose 

that Lina collected this data:
	
	Fremont (F)
	Gilroy(G)
	Hayward (H)
	Total

	
	
	Chocolate 
	25
	25
	50
	100

	
	
	Vanilla 
	15
	15
	30
	60

	
	
	Mint Chip 
	10
	10
	20
	40

	
	
	Total
	50
	50
	100
	200


Do the Fremont and Gilroy stores show the same patterns of flavor preferences?  

Do the Fremont and Hayward stores show the same patterns of flavor preferences?

Do the Gilroy and Hayward stores show the same patterns of flavor preferences? 

If flavor preference does not vary by location, "Flavor preference and location are independent",

If the flavor preferences vary by location ,  "Flavor preference and location are not independent ".

In this example, is flavor preference independent of location or does flavor preference depend on location?

	Part B:
	Suppose 

that Lina collected this data:
	
	Fremont (F)
	Gilroy(G)
	Hayward (H)
	Total

	
	
	Chocolate
	20
	10
	70
	100

	
	
	Vanilla 
	20
	10
	20
	50

	
	
	Mint Chip 
	10
	30
	10
	50

	
	
	Total
	50
	50
	100
	200


Part B: ice cream preference is not independent of location because the probabilities varied significantly by location

Part B data varies significantly from Part A

	Part C:
	Suppose 

that Lina collected this data:
	
	Fremont (F)
	Gilroy(G)
	Hayward (H)
	Total

	
	
	Chocolate
	27
	24
	49
	100

	
	
	Vanilla 
	13
	15
	32
	60

	
	
	Mint Chip 
	10
	11
	19
	40

	
	
	Total
	50
	50
	100
	200


Part C: ice cream preference is independent of location because the probabilities are very close at each location.

Part C data is very similar to Part A.  

· How far can our data vary from the independent data in part A and still be considered "similar"?  

· How far must our data vary from the independent data in part A in order to be considered "different"?

	Part D:
	
	OBSERVED DATA
	Fremont (F)
	Gilroy( G)
	Hayward (H)
	Total

	Lina's actual data:
	Chocolate (C)
	22
	30
	48
	100

	
	Vanilla (V)
	10
	12
	38
	60

	
	Mint Chip (M)
	18
	8
	14
	40

	
	Total
	50
	50
	100
	200


Null Hypothesis:  Ho: Flavor preference and store location are independent

Alternate Hypothesis:  Ha: Flavor preference and store location are NOT independent

We will compare Lina's data to the data we would expect to get if the null hypothesis is true and the variables are independent.  We will evaluate whether Lina's data is similar to or different from the expected data.  

If her data is similar to the expected data, we will assume that the null hypothesis is true.

If her data is not similar to the expected data, we will conclude that the alternate hypothesis is true.

What should Lina's data look like if the flavor preference is independent of the location?  

If preference is independent of location, then the probabilities for each flavor from the total column should apply in every column. To find "expected" value in the cell in row r column c if the variables are independent


(a) find the probability for row r using the total column.


(b) multiply the probability by the total for the column c

	For Chocolate in Fremont:  


P(C) = 100/200 = .5


P(C)(total for Fremont) = .5(50) = 25
	For Mint in Hayward:  


P(M) = 40/200 = .2


P(M)(total for Hayward) = .2(100) = 20


	
	
	EXPECTED
	Fremont (F)
	Gilroy( G)
	Hayward (H)
	Total

	
	Chocolate (C)
	25
	25
	50
	100

	
	Vanilla (V)
	15
	15
	30
	60

	
	Mint Chip (M)
	10
	10
	20
	40

	
	Total
	50
	50
	100
	200
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We need a measure of how close the actual "observed data" is to the "expected data".

For each cell in the table (not the "totals")   

· subtract the expected value (E) from the observed value (O)

· then square that difference to keep it positive.  

· divide by the expected data value (E) .  

Add them all up to get: 
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  = Test Statistic

If the observed and expected data values are close to each other, the differences O  ( E in the numerator of each fraction will be small, and the sum will be small.

If the observed data values and expected data values are very different from each other, the differences O  ( E in the numerator of each fraction will be large and the sum will be large.

	OBSERVED DATA
	Fremont (F)
	Gilroy( G)
	Hayward (H)
	Total

	Chocolate (C)
	22
	30
	48
	100

	Vanilla (V)
	10
	12
	38
	60


	Mint Chip (M)
	18
	8
	14
	40

	Total
	50
	50
	100
	200


	EXPECTED
	Fremont (F)
	Gilroy( G)
	Hayward (H)
	Total

	Chocolate (C)
	25
	25
	50
	100

	Vanilla (V)
	15
	15
	30
	60

	Mint Chip (M)
	10
	10
	20
	40

	Total
	50
	50
	100
	200


Test Statistic =    
 (22−25)2/25 + (30−25)2/25 + (48−50)2/50 




+ (10−15)2/15 + (12−15)2/15 + (38−30)2/30 






+ (18−10)2/10 + (8−10)2/10 + (14−20)2/20 = 14.44

Is the test statistic of 14.44 a "small number" indicating that the differences are small?

OR is the test statistic of 14.44 a "large number" indicating that the differences are large?

The test statistic in this test follows a (2  "chi-square" probability distribution.

If the test statistic is "big" it is far out in the right tail of the (2  distribution graph, 

and the area to the right of it will be very small.

If the test statistic is "small" it is not far out in the right tail f the (2  distribution graph, 

and the area to the right of it not be small.

Degrees of freedom = (number of rows – 1)(number of columns – 1)

df = (3 – 1)(3 – 1) = (2)(2) = 4

Use the (2  (Chi-Square) distribution on your calculator to find a right tailed probability:

This is the p-value

TI –83, 84:(2  cdf  (lower bound, 10^99, degrees of freedom)

TI –86:
chicdf(lower bound, 10^99, degrees of freedom)

P((2 >14.44) =  (2cdf  (14.44, 10^99, 4) = .006, a small area

Test statistic = 14.4 is far out in the right tail.

Compare pvalue to the significance level

.006 < .05 if using ( = .05



Reject Ho

Conclusion: 

At a 5% level of significance, ice cream flavor preference and store location are not independent.

About the (2    "chi-square" probability distribution 


continuous probability distribution


skewed to the right


variable values on horizontal axis are ( 0


area under the curve represents probability


shape depends on "degrees of freedom"


mean is located a little to the right of the peak

                           



6 degrees of freedom                                                10 degrees of freedom 

How to set up the hypotheses in the hypothesis test for independence in a contingency table 

NULL HYPOTHESIS:  

Ho:  The variables are independent

ALTERNATE HYPOTHESIS:  
Ha:  The variables are NOT independent

We always assume the variables are independent in this test unless we can show that they are not.

RESOURCES YOU SHOULE USE ON THE WEBSITE

· Calculator instructions for using matrices to find the expected contingency table, the test statistic, 
and the p-value for a test of independence

· The problem illustrated in this handout written up in hypothesis test form, showing all steps.
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To use the (2  (Chi-Square) distribution on your calculator to find a right tailed probability:


TI –83, 84:(2  cdf  (lower bound, 10^99, degrees of freedom)


TI –86:	chicdf(lower bound, 10^99, degrees of freedom) 





For a contingency table:


Degrees of freedom = 


(number of rows – 1)(number of columns – 1)























_1195397566.unknown

_1195398394.unknown

