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of significance. 
 

7. (10 points)  Write the null hypothesis in matrix form.  There is more than one way 
     to do this correctly.  One way to state the null hypothesis is   
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Reject the null hypothesis that the difference between the post-course and pre- 
course means are the same for all three pre-course tests if  
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A p-value is computed as    }T
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central F random variable with (2,53) degrees of freedom. 
 



 
8. (10 points)  Use the large sample chi-square approximation.  Compute  
–2log(.18) =3.43.  Do not reject the null hypothesis at the .05 level of significance 

because  3.43 < 9.49 = .  In this case we estimate p + p(p+1)/2=20 parameters 

under the alternative and  p+(p(p+1)/2)-4=16 parameters under the null hypothesis, so 
the degrees of freedom for the large sample chi-square approximation to the 
distribution of this test statistics  are 20-16=4. 
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2. (a)  (6 points)   The ANOVA table is            Source of Variation     df
            Subjects     54 
            Differences      2 
            Error   108 
 

The F-test has (2,108) degrees of freedom. 
 
     (b) (10 points)    Both tests assume  
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4. (a) (10 points)  Use Bartlett’s Test.  Compute a polled estimate of the covariance  

matrix    
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Reject the null hypothesis of homogeneous covariance matrices at the   level of 
significance if    
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  (b) (10 points)   Do not use a pooled covariance matrix in this case.  Reject the null  
hypothesis of equal population mean vectors if    
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This test statistic does not exactly have a the indicated multiple of an F-
distribution when the null hypothesis is true,  but the indicated rejection criterion 
keeps the Type I error level closer to α  than the large sample chi-square 

approximation which would use  . 2
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4. (14 points)  Note the set of measurements on the proportion of time the j-th 
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A p-value is computed as    }T
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)27,3( >  where   denotes a  )27,3(F

central F random variable with (3,27) degrees of freedom. 
 
 
  Alternatively, you could have used ')YYYYXXXX(Z j4j3j2j1j4j3j2j1j
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There are 100 possible points for your exam.  There should be a score marked on your 
paper for each part of the exam.  Also check if your total score was correctly on page 4 of 
your exam paper.  Please return the exam to me if you think any errors were made in 
recording your score. 
 
 
Exam Scores (100 possible points):            10 | 0 0 
      9 | 5 6 
      9 | 0 1 2 4 
      8 | 5 5 5 5 6 7 9 
      8 | 0 0 4 4 
      7 | 5 7 8 8 9  
      7 | 0 2 4 
      6 | 8 
      6 | 
      5 |  
      5 | 2 2 
      4 | 
      4 | 
      3 | 7   


	A p-value is computed as    where   denotes a
	central F random variable with (2,53) degrees of freedom.
	Subjects     54

	A p-value is computed as    where   denotes a
	central F random variable with (3,27) degrees of freedom.

