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True/False.  Answer the following True/False questions (circle T or F), each worth 2 points.   
     T     F In comparing two samples, if  |𝑦𝑦�1 − 𝑦𝑦�2| ≤ 0.1, then the test statistic 

𝑡𝑡𝑠𝑠 =
𝑦𝑦�1 − 𝑦𝑦�2

�𝑠𝑠1
2

𝑛𝑛1
+ 𝑠𝑠22
𝑛𝑛2

 

  will be close to 0. 

     T     F For a sample of some fish of a certain type, we find the mean length and standard 
deviation and we find the resulting 90% confidence interval of  (17.8, 22.2),       
thus we are 90% confident that the sample mean is between  17.8  and  22.2. 

     T     F The smaller the Effect between two samples, the larger the sample sizes need to 
be in order to achieve a certain Confidence Level and Power Level. 

     T     F Given samples of sizes  2  and  3,  if using the 𝑡𝑡-test, it is possible to get a test 
statistic of  𝑡𝑡𝑠𝑠 = 6.5. 

     T     F Given samples of sizes  2  and  3,  if using the Wilcoxon-Mann-Whitney Test, it 
is possible to get a test statistic of  𝑈𝑈𝑠𝑠 = 6.5. 

     T     F It is possible to have a 95% confidence interval of  (12, 14) and a 90% confidence 
interval of  (11, 15). 

     T     F A smaller sample size  𝑛𝑛  will typically result in a smaller sample standard 
deviation  𝑠𝑠. 

     T     F If comparing two sample means, the sample sizes may be different. 

     T     F A confidence level of 95% is the same as a significance level of  𝛼𝛼 = .95. 

     T     F If  𝑃𝑃 > 𝛼𝛼,  then we reject the alternative hypothesis  𝐻𝐻𝐴𝐴:𝜇𝜇1 ≠ 𝜇𝜇2  and accept the 
null hypothesis  𝐻𝐻0:𝜇𝜇1 = 𝜇𝜇2. 

     T     F If we have  𝑃𝑃 < 𝛼𝛼  for a non-directional test, then it is guaranteed that we will 
have  𝑃𝑃 < 𝛼𝛼  for a directional test. 

     T     F In creating a confidence interval, assuming all other sample values are the same 
(sample means and standard deviations), larger sample sizes will lead to larger 
(wider, less precise) confidence intervals. 

     T     F If creating a confidence interval for a population mean from a single sample, 
doubling the sample size will approximately halve the margin of error (i.e. the 
width) of the confidence interval. 

     T     F  “Power” is the likelihood that we will conclude that the population means are 
the same when in fact they are. 

     T     F If in testing a hypothesis we choose  𝛼𝛼 = 0.05, then there is up to a 5% chance 
we might make a Type I error if we decide to accept  𝐻𝐻𝐴𝐴:𝜇𝜇1 ≠ 𝜇𝜇2. 
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28 points   1. Biologists have theorized that male Monarch butterflies have, on 
average, a larger thorax than do females.  A sample of male and female 
butterflies yielded the data at right.  Use  𝑑𝑑𝑑𝑑 = 22. 
Show a l l  work  in  answer ing  these  ques t ions .  

/9  Find a 95% confidence interval for the difference in the population 
means.  At 95% confidence, would you conclude that male thorax size 
is different than female? 

 
 
   
 

 
 
 
 
 

/8  At  𝛼𝛼 = .05  significance, use a  𝑡𝑡  test (and find the 𝑃𝑃-value) to determine whether we 
should reject the hypothesis that  𝐻𝐻0:𝜇𝜇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝜇𝜇𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  and accept the non-directional 
alternative   𝐻𝐻𝐴𝐴:𝜇𝜇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ≠ 𝜇𝜇𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚.    

 
 

 
 
 
 
 
 

/4  You should have found that we would not reject  𝐻𝐻0.  How large would  𝑡𝑡𝑠𝑠  have needed 
to be for us to conclude that  𝜇𝜇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ≠ 𝜇𝜇𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚?    

 
 

 
/4  At  𝛼𝛼 = .05  significance, use a  𝑡𝑡  test (and find the 𝑃𝑃-value) to determine whether we 

should reject the hypothesis that  𝐻𝐻0:𝜇𝜇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝜇𝜇𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  and accept the directional 
alternative   𝐻𝐻𝐴𝐴:𝜇𝜇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 > 𝜇𝜇𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚.    

 
 
 

/3  At  𝛼𝛼 = .05  significance, use a  𝑡𝑡  test (and find the 𝑃𝑃-value) to determine whether we 
should reject the hypothesis that  𝐻𝐻0:𝜇𝜇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝜇𝜇𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  and accept the directional 
alternative   𝐻𝐻𝐴𝐴:𝜇𝜇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 <  𝜇𝜇𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚.    

 
 

 Male Female 

𝑛𝑛 11 15 

𝑦𝑦� 68 66 

𝑠𝑠 2.7 2.3 
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9 points 2. In the previous problem, decide whether each of the following 
would result in a smaller or larger test statistic 𝑡𝑡𝑠𝑠 = 𝑦𝑦�1−𝑦𝑦�2

𝑆𝑆𝐸𝐸𝑌𝑌�1−𝑌𝑌�2
.  

Assume all other values, as given at right, remain the same.              
Just write “smaller” or “larger” in each box. 

  You should not have to (nor do you have time to) compute  𝑡𝑡𝑠𝑠  for 
each situation; just think about what effect each change would have. 

 
Change Smaller or larger  𝑡𝑡𝑠𝑠 ? 

Decrease mean Female thorax weight from 66 to 65.  

Decrease Male sample size.  

Increase standard deviation in Male sample.  
 
 
6 points 3. Suppose that the mean and standard deviation in Male and Female thorax weights 

(estimated from previous samples) are approximately 

 Male Female 

𝜇𝜇 68 66 

𝜎𝜎 2.7 2.3 
   

/3  Suppose that we wanted to take samples from each population to determine whether 
mean thorax weights are different in Males vs. Females.  In order to have   

Two tailed,  Significance 𝛼𝛼 =  .02,  Power = .95 
  how large would our samples need to be? 
 
 
 

/3  In general, assuming the same Significance and Effect Size  |𝜇𝜇1−𝜇𝜇2|
𝜎𝜎

  and two-tailed test, 
how would increasing the sample size change the Power level?  Would Power level 
increase, decrease, or remain the same? 

 
 

  

 Male Female 

𝑛𝑛 11 15 

𝑦𝑦� 68 66 

𝑠𝑠 2.7 2.3 
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 13 points  4. Consider the data at right. 
/7  Find 𝐾𝐾2, then use the Wilcoxon-Mann-Whitney Test to 

determine whether the populations from which the samples 
are taken have different means.  Use  𝛼𝛼 = 0.05. 

 
 
 
 
 
 
 

 
/2  If the data values were different (but still 7 values in the first column and 8 values in the 

second column), what is the smallest  𝑈𝑈𝑠𝑠  could possibly be, and what is the largest 𝑈𝑈𝑠𝑠  
could possibly be? 

 
 
/4  Suppose that the value of 18 in the second column were instead 21.  Would the resulting  

𝑈𝑈𝑠𝑠  and  𝑃𝑃  values be larger or smaller?  (Just circle Larger or Smaller for each.) 
   𝑈𝑈𝑠𝑠       Larger    Smaller 
   𝑃𝑃    Larger Smaller 

 
14 points   5. Six 3-year-old sheep were injected with an antibiotic.  Their blood serum concentrations 

of Gentamicin 1.5 hours after injection were as follows: 
34   26   34   31   23   30 

  For these data, the mean is 29.7 and the standard deviation is 4.4. 
/7  Construct a (two-sided) 96% confidence interval for the population mean.   

 
 
 
 
 

/3  Find both one-sided 98% confidence intervals for the population mean.   
 

 
 
 

/4  Suppose we want a more precise (narrower) interval.  Assuming that the mean and 
standard deviation would remain approximately 29.7 and 4.4, respectively, how many 
sheep would we need in our new sample to have a margin of error  𝑡𝑡 ⋅ 𝑠𝑠

√𝑛𝑛
≤ 1. 

 
 

 

𝑌𝑌1 𝑌𝑌2 
17 
20 
22 
64 

170 
190 
305 

4 
13 
14 
15 
16 
18 

310 
390 

𝐾𝐾1 =  41 𝐾𝐾2 = ? 
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