Mendelian Genetics:  

Prelab Homework – Mechanics of Chi-Square Testing

A marketing firm has collected data for a music store on the purchasing preferences of its customers. A portion of this data is presented below.  Table 1 shows data for the number of customers purchasing music belonging to the classic rock genre as sorted by age class, with a total sample size of 600 purchases.  The age distribution of store customers, expressed as a ratio, from youngest to oldest age class: 12:5:9:3:2
Table 1.  

	Age Class
	Number of classic rock purchases

	< 20
	191  

	20-29
	140   

	30-39
	170   

	40-59
	83     

	≥60
	23     


1. Use the Chi-Square test to evaluate whether the age class distribution for the subset of customers that made classic rock purchases differs significantly from the ratio anticipated if all age classes of customer were equally as likely to make a purchase (null hypothesis).  In other words, does the age class ratio for the subset of customers that purchased classic rock music differ significantly from the age class ratio of the customer base?  Calculate the appropriate X2 value for the data and the determine the probability of obtaining this outcome if the null hypothesis was true.  Show your work on the back or on a separate sheet of paper.
Step 1:  Calculation of expected numbers of customers purchasing classic rock for each age class if the null hypothesis is true; i.e., if all customers equally likely to purchase classic rock irrespective of their age.
< 20 
= 12/31(600) = 232

20-29
=  5/31 (600) = 97

30-39
=  9/31 (600) = 174

40-59 
=  3/31 (600) = 58

≥60 
=  2/31 (600) = 39

Step 2: Calculation of χ2 value:

χ2 = (191-232)2/232 + (140-97)2/97 + (170-174)2/174 + (83-58)2/58 + (23-39)2/39
χ2 = 7.2 + 19.1 + 0.1 + 10.8 + 6.6

χ2 = 43.8

Step 3:  Probability 

With reference to the χ2 probability curves provided, the likelihood of obtaining the ratios observed is less than 0.001 (n=4 df).  In other words, if the null hypothesis was true that all age classes of customer were equally likely to purchase classic rock, we would have obtained an age class ratio of equal or greater deviance from the anticipated ratio, of  232:97:174:58:39 less than 0.1% of the time; i.e., in less than 1 out of 1000 sample data sets (surveys).  By convention, differences with probabilities values of 0.05 or less, are defined as statistically significant, meaning that the null hypothesis would be rejected.  Thus, we would conclude that all age classes of customer are not equally as likely to purchase classic rock.  Instead, customers from the 20-29 and 40-59 age classes purchase classic rock at higher frequencies than predicted by the null hypothesis.
2. If the age class data is collapsed from five to three age classes (<30, 30-39, and >40) does the age class distribution of classic rock customers differ significantly from that of the customer base?
	Age Class
	Number of classic rock purchases

	< 20
	191  

	20-29
	140   

	30-39
	170   

	40-59
	83     

	≥60
	23     


	Age Class
	Number of classic rock purchases

	< 30
	331 

	30-39
	170 

	≥40
	106 


Step 1:  Calculation of expected numbers of customers purchasing classic rock for each age class for the null hypothesis (all customers equally likely to purchase classic rock)

< 30 
= 17/31(600) = 329
30-39
=  9/31 (600) = 174

>40
=  5/31 (600) = 97
Step 2: Calculation of χ2 value:

χ2 = (331-329)2/329 + (170-174)2/174 + (106-97)2/97
χ2 = 0.03 + 0.09 + 0.83 
χ2 = 0.95
Step 3: Probability:

With reference to the χ2 probability curves provided, the probability of obtaining the ratios we observed is 0.65 (n=2 df), meaning that if the hypothesis was true that all age classes of customer were equally likely to purchase classic rock, we would have obtained an age class ratio of as much or greater deviation from the anticipated ratio of 329:174:97 65% of the time; i.e., for 65 of every 100 sample data sets.  Thus we would accept the null hypothesis that all age classes of customer are not equally as likely to purchase classic rock. 
