
Math 17 – Spring 2011 Name:______SOLUTIONS_______________ 
March 3, 2011 

Test # 1 
 

Please complete the following problems.  Be sure to ask me if you have any questions or 
anything is unclear.  Partial credit will be given, so please be sure to show all of your work.  
Please use complete sentences to answer ALL questions. 
 
The Z table and some binomial probability tables are included at the end of the test. 



1. (7 pts)  In 1964 there was a study that contrasted cholesterol levels between urban and rural 
Guatemalans.  The data along with some summary statistics and graphs of the data are shown 
below. 

 

 

 
 
Descriptive Statistics: CHOLESTEROL  
 
                      
Variable     GROUP   n    Mean  StDev 
CHOLESTEROL  RURAL  49  157.00  31.76 
             URBAN  45  216.87  39.92 
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Compare the distributions of Rural and Urban cholesterol levels. 
 
The distribution of cholesterol in rural Guatemalans is fairly symmetric and is 

centered at about 157 mg/l.  There don’t appear to be any outliers.  For Urban 

Guatemalans, the distribution is centered at about 216 mg/l.  There appears to 

be an outlier of 330 mg/l.  Were it not for the outlier, the distribution would be 

fairly symmetric as well.  Both group have similar standard deviations. 
 
 
 

  



2. (4 pts)  Amherst College compiles statistics about its enrollment.  A graph of Race for the 
years 2003 and 2009 is given below.  
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Describe the composition of Amherst’s race for each year and compare the two. 
 
The composition of race at Amherst is very similar for the two years.  The 

largest group is the white non-Hispanics, while the number of black non-

Hispanics, Asian and Pacific Islanders, and Hispanics are similar.  There appear 

to be a few more Hispanics in 2009 than 2003.  The smallest group are the 

American Indian/Alaska natives, with negligible counts in both years. 
 
 
 

3. (5 pts)  Give an example of some data that would be skewed to the right.  (Don’t just draw a 
picture of a skewed histogram.)  Give the scenario and the variable. 
 
Lets consider weekly mileage of runners.  If we have a sample of training logs of 

runners, and one of the runners is a training Olympian, they will likely have a 

much higher weekly mileage total than our other runners, skewing the 

distribution to the right. 
 
 
 



4. (4 pts)  A simple boxplot of a data set is given below. 
 

 
 

The two largest observations in this data set are 14 and 18.  Use a mathematical rule to 
determine if they are outliers. 

 
We’ll use the 1.5 IQR rule.  From the boxplot, it appears that the first 

quartile, Q1, is 5 and the third quartile, Q3, is 9.  The IQR is  

 
��� � �� � �� � 9 � 5 � 4 

 
Upper Fence: �� � 1.5��� � 9 � 1.5�4� � 15 

Lower Fence: �� � 1.5��� � 5 � 1.5�4� � �1 

 

The observation of 18 is an outlier, but 14 is not. 

 
 

  



5. (5 pts)  What general features are evident in a box plot of data from a normal distribution?   
How do these features differ when the data come from a skewed distribution? 
 
For a normal distribution, the boxplot’s whiskers will be the same length.  The 

line representing the median will lie in the center of the box.  Also, there won’t 

be any flagged outliers.  A skewed distribution may have uneven whiskers,  the 

median line may be closer to one of the 1st/3rd quartiles than the other, and 

there may be flagged outliers. 
 
 

6. (6 pts)  Suppose that the number of traffic stops per day on Route 9 is normally distributed 
with a mean of 12 and a standard deviation of 2.  One day the Amherst police made 19 traffic 
stops. 

 
 

a. Calculate the Z-score corresponding to x = 19 traffic stops. 
 

� �
� � �

�
�
19 − 12

2 = 3.5 

 
 
 
 
 
b. Would you consider the observation x = 19 to be an outlier?  Please justify your 

response. 
 

Yes I would consider the observation of 19 to be an outlier.  It is more 

than 3 standard deviations above the mean. 
 
 
 
 

 
  



7. (6 pts)  Describe three different strategies for drawing a random sample. 
 
Four strategies are: 

 

Simple random sample – The equivalent of putting everyone’s name into a hat, 

and drawing out your sample 

 

Stratified sample – To ensure you get sample from several groups of interest, 

split your population into groups, and take a simple random sample from within 

each group. 

 

Cluster sample – To save on costs, split the population into clusters, usually 

based on location.  Randomly sample a location, and then sample all members at 

that location. 

 

Systematic sample – Enumerate the population.  Select a random start point, 

and then sample every kth subject after that. 
 

 
8. (6 pts)  A study found that individuals who lived in houses with more than two bathrooms 

tended to have higher blood pressure than individuals who lived in houses with two or fewer 
bathrooms.  Can cause-and-effect be determined from this?  (Please justify)  If not, list a 
possible confounding variable that might explain this result.   

 
Cause and effect cannot be established from this.  It is an observational study.  

Size of the house may be a confounding variable.  Large houses have more 

bathrooms.  They also have higher mortgages and upkeep, which could elevate 

the blood pressures of those who live there.  



9. (10 pts)  In recent election years, political scientists have analyzed whether a “gender gap” 
exists in political beliefs and party identification.  The table below shows data collected from 
the 2002 General Social Survey on gender and party identification: 

 
 

 Party Identification  
Gender Democrat Independent Republican Total 

Male 356 460 369 1,185 
Female 567 534 395 1,496 

Total 923 994 764 2,681 
 
 

a. If a voter is chosen at random, what is the probability that the voter is a Democrat? 
 

��Democrat� �
923
2681 = 0.3443 

 
b. What is the probability that the voter is a female and a Republican? 

 

��Female and Republican� = 395
2681 = 0.1473 

 
c. What is the probability that the voter is a male or an Independent? 

 
��Male	or Independent�

= ��Male� + ��Independent� − ��Male and Indpendent�
= 1185
2681 +

994
2681 −

460
2681 =

1719
2681 = 0.6412 

 
d. Given that the voter is female, what is the probability that the voter is an 

Independent? 
 

��Independent�Female� = ��Independent and Female)

��Female� =
 �!
"#$�
�!%#
"#$�

= 534
1496

= 0.3570 
 

e. Are the events “male” and “Republican” mutually exclusive?  Are they Independent? 
 

There are 369 people who are male and republican.  They overlap, so are 

not mutually exclusive.  To check independence, we find 

��Male and Republican� = �#%
"#$� = 0.1376 ≠ 0.1260 = '��$ "#$�( '

)#!
"#$�( =

��Male���Republican�.  So the events are not independent either.



10. (6 pts)  In medicine a diagnostic test’s accuracy is measured using the sensitivity and the specificity. 
 
Sensitivity = P(Test result is positive | Subject has the disease)  

 
Specificity = P(Test result is negative | Subject doesn’t have the disease)    
 
For a given test, suppose the probability that a subject has the disease is 0.05.   Suppose the 
sensitivity is 0.92 and the specificity is 0.86.  Find the probability that someone has the disease, 
given that they have a positive test result. 

 
 
 
    Disease Status  Test Result 

 

        Positive = (0.05)(0.92) = 0.046 

      0.92 

    Diseased 

      0.08   

 0.05       Negative = (0.05)(0.08) = 0.004 

 

 

 

 0.95       Positive = (0.95)(0.14) = 0.133 

        0.14 

    Not Diseased 

        0.86    

        Negative = (0.95)(0.86) = 0.817 

 

 

��Disease|Positive� �
+�Diseased and Positive)

+�Positive�
�

,.,-.
/./!#0/.��� = 0.2570   

 

Given a positive test result, there is a 25.70% chance that they actually have the disease. 

   



11.  (8 pts)  You wish to study the size of households in the United States.  Let X be the number 
of people in a randomly selected U.S. household.  Based on the 2000 Census, X has the 
following probability distribution: 

 
X 1 2 3 4 5 6 7+  

P(X) 0.258 0.326 0.165 0.142 0.066 0.025 0.018 
 

a. Find the probability that a randomly selected household has more than 4 people. 
 
 

��� > 4� = 0.066 + 0.025 + 0.018 = 0.109 
 
 
b. Find the probability that a randomly selected household has at most 3 people. 

 
 

��� ≤ 3� = 0.258 + 0.326 + 0.165 = 0.749 
 
 

c. What is the expected value and standard deviation of X?  For this part, treat the “7+” 
category as just “7”. 

 
34�5 = ∑����� = 1�0.258� + 2�0.326� + 3�0.165� + 4�0.142� + 5�0.066� +
6�0.025� + 7�0.018� = 2.579  
 
7894�5 = ∑�� − ��"���� = 2.0998  
 
The standard deviation is √2.0998 = 1.4491. 

 
 
 



12. (6 pts)  Mark Twain invested in several projects.  The Paige Compositor was one of them.  It 
was used for setting newspaper type for printing.  Unfortunately, Mark Twain’s investments 
went bad and he was forced to go on a worldwide speaking tour to raise money.  Suppose 
that you would like to invest some money of your own.  You choose seven promising 
inventions.  It is safe to assume that the successes of the inventions are independent.  Based 
on past experience, the probability of an individual invention getting a patent is 0.23.  Let X 
be the number of inventions you invest in that earn a patent. 

 
a. Is X a binomial random variable?  Justify your answer using the conditions required 

to have a binomial random variable. 
 

Yes, X is a binomial random variable.  There are two possible outcomes 

for each trial (patent, no patent), the trials are independent, there is a 

fixed probability of success on each trial (p = 0.23), we have n = 7 trials, 

and X is the number of successes. 
 
 

b. What are the possible values of X? 
 

The possible values of X are: 0, 1, 2, 3, 4, 5, 6, 7 
 
 



13. (9 pts)   You are inspecting underground gas tanks at service stations.  From previous 
experience, it is estimated that 12% of all tanks leak.  You examine 15 tanks chosen at 
random and record whether or not the tank leaks.  It is safe to assume that testing one tank is 
independent of testing another.  Let X be the number of defective tanks. 

 
a. Find the probability that exactly 4 tanks leak. 
 

��� � 4� = '154 ( 0.12
!�1 − 0.12�� ;! = 15!

4! �11!� �0.00020736��0.2451�
= 0.069369 

 
 
 
 
b. Find the probability that more than 4 tanks leak. 
 

��� > 4� = 1 − ��� ≤ 4� = 1 − 0.97350 = 0.0265 
 
 
 
 
c. What is the mean number of leaky tanks you’d expect to find? 
 

We’d expect to find a mean of 34�5 = => = 15�0.12� = 1.8 leaky tanks. 
 
 
 
 



14. (6 pts)  Suppose the heights of Eastern White pine trees in the Amherst College Wildlife 
Sanctuary are normally distributed with a mean height of 105 feet and a standard deviation of 
18 feet. 

 
a. Find the probability that the height of a randomly selected Eastern white pine tree is 

greater than 137 feet. 
 

 
 

 ��� > 137� = � '� > ��);�/ 
�$ ( = ��� > 1.78� = 1 − 0.9625 = 0.0375 

 
 
b. How tall would an Eastern white pine tree in the Amherst College Wildlife Sanctuary 

need to be to be in the tallest 10% of trees?   
 

The Z corresponding to the tallest 10% is 1.28.  Then, we use the Z-score 

equation to solve for X. 

 

� = � − �
�

1.28 = � − 105
18

� = 1.28�18� + 105 = 128.04

 

 

A tree needs to be over 128.04 feet tall to be in the tallest 10% of trees. 
 
 
 
 
 
 
 



15. (6 pts)  Again, suppose the heights of pine trees in the Amherst College Wildlife Sanctuary 
forest are normally distributed with a mean height of 105 feet and a standard deviation of 18 
feet.  You choose a sample of 20 trees and calculate the average height of your sample. 

 
a. Describe the sampling distribution of x . 

 
The sampling distribution of ?̅ is normal, with a mean of �A̅ � � � 105 and 

a standard deviation of �A̅ = B
√C =

�$
√"/ = 4.4721. 

 
 

b. Find the probability that the average height of 20 trees is greater than 115 feet. 
 
 

  ���D > 115� = � '� > �� ;�/ 
!.!)"� ( = ��� > 2.24� = 1 − 0.9875 = 0.0125 

 
 
 
 
 
16. (6 pts)  Suppose that the true proportion of defective light bulbs in a factory is p = 0.04.  

We’d like to sample 500 light bulbs at random, and calculate the sample proportion, >̂.  Do 
you think it would be reasonable to get a sample proportion of 0.06 or more?  Be sure to 
justify your answer. 
 
We have a binomial random variable here.  We’d expect to get => = 500�0.04� =
20 defective bulbs, with a standard deviation of 

F=>�1 − >� = F500�0.04��0.96� = 4.38. 

 

A sample proportion of 0.06 or more means a numerator of 30 defective bulbs.  

This has a Z-score of � = G;H
B = �/;"/

!.�$ = 2.28.  Such a point is not really a huge 

outlier.  It seems reasonable to get a sample proportion of 0.06. 
 
 
 
 
 
 
 
 
 
 
 
 



 
 



 



 
Binomial with n = 15 and p = 0.12 
 
 x  P( X = x ) 
 0    0.146974 
 1    0.300628 
 2    0.286963 
 3    0.169569 
 4    0.069369 
 5    0.020811 
 6    0.004730 
 7    0.000829 
 8    0.000113 
 9    0.000012 
10    0.000001 
11    0.000000 
12    0.000000 
13    0.000000 
14    0.000000 
15    0.000000 

 

Binomial with n = 15 and p = 0.12 
 
 x  P( X <= x ) 
 0      0.14697 
 1      0.44760 
 2      0.73457 
 3      0.90413 
 4      0.97350 
 5      0.99431 
 6      0.99904 
 7      0.99987 
 8      0.99999 
 9      1.00000 
10      1.00000 
11      1.00000 
12      1.00000 
13      1.00000 
14      1.00000 
15      1.00000 

 
Binomial with n = 15 and p = 0.88 
 
 x  P( X = x ) 
 0    0.000000 
 1    0.000000 
 2    0.000000 
 3    0.000000 
 4    0.000000 
 5    0.000001 
 6    0.000012 
 7    0.000113 
 8    0.000829 
 9    0.004730 
10    0.020811 
11    0.069369 
12    0.169569 
13    0.286963 
14    0.300628 
15    0.146974 

 

Binomial with n = 15 and p = 0.88 
 
 x  P( X <= x ) 
 0      0.00000 
 1      0.00000 
 2      0.00000 
 3      0.00000 
 4      0.00000 
 5      0.00000 
 6      0.00001 
 7      0.00013 
 8      0.00096 
 9      0.00569 
10      0.02650 
11      0.09587 
12      0.26543 
13      0.55240 
14      0.85303 
15      1.00000 

 
Binomial with n = 4 and p = 0.12 
 
 x  P( X = x ) 
 0    0.599695 
 1    0.327107 
 2    0.066908 
 3    0.006083 
 4    0.000207 
 

Binomial with n = 4 and p = 0.88 
 
 x  P( X = x ) 
 0    0.000207 
 1    0.006083 
 2    0.066908 
 3    0.327107 
 4    0.599695 
 

 


