Chapter 11 Review—X2 Inference
AP Statistics

Name



                 Pd
Multiple Choice.  Circle the letter corresponding to the best answer.

Questions 1 to 3 relate to the following situation.
A sample of 102 drug users was interviewed and each subject was asked to name the kind of drug that each first tried.  Here are the results:






First drug tried
 
Number


Alcohol
42



Marijuana
36



Other


24

1.
An appropriate null hypothesis is


(a)
the count of first drug tried is the same for each drug category.

(b)
µ = 34.


(c)
at least one of the cell counts is different from the other two.


(d)
the proportion of first drug tried depends on the type of drug.


(e)
the 3 cell counts are independent of the type of drug.

2.
The test statistic, degrees of freedom, and P-​value are


(a)
4.94,  
2, 0.0845.

(b)
1.88,  
2, 0.391.


(c)  2.94,  
3, 0.40.


(d) 0.118, 
2, 0.94.


(e) 8.94,  
2, 0.011.

3.
Which of the following is a correct statement?  In order to make an inference about the population,


(a)
the population has to be at least 10 times the size of the sample.

(b)
the cell counts for our sample have to be approximately the same as the counts for the host population.


(c)
all observed cell counts have to be positive, and no more than 20% can be less than 15.


(d)
the sample has to have the same characteristics as the population.

(e)
the subjects have to be a random sample of drug users.
4.
Are all employees equally prone to having accidents? To investigate this hypothesis, a researcher looked at a light manufacturing plant and classified the accidents by type and by age of the employee.

Accident Type

Age 

Sprain 

Burn 

Cut

Under 25 
 9 

17 

 5

25 or over
 61 

13 

12

A chi-square test gave a test statistic of 20.78. If we test at ( = 0.05

(a) there appears to be no association between accident type and age.

(b) age seems to be independent of accident type.

(c) accident type does not seem to be independent of age.
(d) there appears to be a 20.78% correlation between accident type and age.

(e) the proportion of sprain, cuts, and burns seems to be similar for both age classes.

5. 
Each person in a random sample of 50 was asked to state his/her gender and preferred color. The resulting frequencies are shown below.

Color

Red 
Blue Green

Male 
  5 
 14 
  6

 Female 
 15 
  6 
  4
A chi-square test is used to test the null hypothesis that gender and preferred color are independent. Which of the following statements is a correct decision about the null hypothesis?

(a) Reject at the 0.005 level.

(b) Reject at the 0.01 level but not at the 0.005 level.

(c) Reject at the 0.025 level but not at the 0.01 level.
(d) Reject at the 0.05 level but not at the 0.025 level.

(e) Accept at the 0.05 level.

6.
The following data were obtained from a company that manufactures special plastic containers that are to hold a specified volume of hazardous material. On each of the three 8-hour shifts workers are able to make 500 of the containers. Some containers do not meet specifications as required by the company’s customer because they are too small; others, because they are too large.

Conformance to Specification

Shift
   
Too small      Within spec. 
Too large
8 am 

36 

452 

   12

4 pm 

24 

443 

   33

  Midnight    

12 

438 

   50
 

If conformance to specifications is independent of shift, the expected number of containers that meet specifications on the 4 pm shift is

(a) 
166.7.

(b) 
443.

(c) 
33.

(d) 
444.3.
(e) 
500.

7.
A survey was conducted to investigate whether alcohol consumption and smoking are related. The following information was compiled for 600 individuals:




Smoker 
Nonsmoker

Drinker 

 
193 
  
       165

Nondrinker                        89 
153
  

Which of the following statements is true?

(a) The appropriate alternative hypothesis is Ha: Smoking and alcohol consumption are independent.

(b) The appropriate null hypothesis is H0: Smoking and alcohol consumption are not independent.

(c) The calculated value of the test statistic is 3.84.

(d) The calculated value of the test statistic is 7.86.

(e) At level 0.01 we conclude that smoking and alcohol consumption are related.
Free Response.   Answer completely, but be concise.  Write sequentially and show all steps.
8.
Your school administration wants to install new soft drink machines in the gym and cafeteria.  Their market analysts want to know if flavor preference depends on the location.  A random sample of 180 students was selected and interviewed.  Their location and soft drink preference are given in the table.



Soft drink
Gym
Exp
Cafeteria 
Exp

Total
          



Coca-Cola
 33
34
   57
56

90


Pepsi

 30
18.89
   20
31.11

50


Sprite

  5
15.11
   35
       24.89
             40 






Total
  68

          112        


180
(a)
Enter the marginal values in the table and the expected counts next to the observed counts.

See above
(b)
Write null and alternative hypotheses for a chi-square analysis of these data.

Ho: Flavor preference does not depend on location.
Ha:  Flavor preference does depend on location.
I will conduct a X2 Test for Independence at the 5% level (pick an alpha level here)
(c)
State and verify conditions for carrying out the inference procedure.

Random check--The 180 students were randomly selected (stated in the problem)
Expected counts check--There are at least 5 expected counts for the students who were chosen for the two locations and three types of soft drinks.  Expected counts are listed in the table above.
Independence check—there are at least N >= 10(180) = 1800 students that attend AHS
(d)
Determine the test statistic, the degrees of freedom, and the P-value.

X2 = (33-34)2 / 34 + … + (57-56)2 / 56 = 21.425
Df = 2x1 = 2  
Draw the X2 distribution with df = 2 and the right tail shaded from 21.425

P(X2 ≥ 21.425 ) = .00002

(e)
State your conclusion.

Because the p-value of .002% is lower than my 5% significance level, I reject Ho.  This means that I have statistically significant evidence that flavor preference does depend on location.
9.
In 1980, the M&M/Mars Company reported that their Peanut M&M’s( Chocolate Candies were produced in the following distribution:  20% each of browns, yellows, reds and blues, and 10% each of greens and oranges.  Sam bought a bag of Peanut M&M’s and counted out the following distribution of colors:  11 brown, 8 yellow, 6 red, 8 blue, 8 green and 9 orange.  Perform a goodness of fit test of the company’s reported distribution and report your results.  Do a complete analysis, that is, include all of the important steps.

The population in question is peanut M&Ms, and I am comparing the proportions of colors in my bag to the claimed proportions from M&M Mars.  I will conduct a X2 Goodness of Fit Test at a 5% significance level (choose alpha since it is not given).
Ho: The proportions of colors of peanut M&Ms is as M&M Mars claims

OR

Ho: p(brown) = p(yellow) = p(red) = p(blue) = .2 and p(green) = p(orange) = .1

Ha: The proportions of colors of peanut M&Ms is not as M&M Mars claims

OR

Ha: At least one (or two) of these proportions is different.

	
	Brown
	Yellow
	Red
	Blue
	Green
	Orange

	Observed
	11
	8
	6
	8
	8
	9

	Expected
	10
	10
	10
	10
	5
	5


Random check—I will assume the bag of peanut M&Ms is a random sample
Independence check—the population of peanut M&Ms is large; N >= 10(50) = 500

Expected counts check—the expected counts for all colors are at least 5 as seen in the table
X2 = (11-10)2 / 10 + … + (9-5)2 / 5 = 7.5


Df= 5

Sketch the X2 distribution with df = 5 and shade the right tail from 

P(X2 ≥7.5) = 0.186
Because the p-value of 18.6% is higher than my 5% significance level, I fail to reject Ho.  This means that I have do not have statistically significant evidence that the color distribution of peanut M&Ms is different than what M&M Mars claims.  
