
Math 17 – Spring 2011 Name:______SOLUTIONS____________ 
Monday, May 9, 2011 
9:00 AM – 11:00 AM 

Final Exam 
 

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. 
 

• Note that this exam is worth 150 points.  Point values are listed next to each question. 
 

• Please ask if you don’t understand a question. 
 

• Be sure to answer ALL parts of each question. 
 

• Unless specifically asked, you need not check the needed assumptions. 
 

• Any students wishing to discuss their final exam or grade should contact me at 
jstratton@amherst.edu or at jeffreystratton@gmail.com.  As a visiting instructor, I’m not 
sure when my Amherst email is deleted. 
 

• The Z-Table and t-Table are included at the end of the test. 
 

• Some cumulative binomial probabilities are tabulated at the end of the test as well. 
 
 
 
 

Good luck!! Thanks for your hard work this semester. 
 
 
 
 
 
 
 
 
 
 
 
 
DATA SOURCES: 

• The data were provided by Victoria Whitman, a realtor in Eugene, in 2005. 
• Pardoe, I. (2006). Applied Regression Modeling: A Business Approach. Hoboken, NJ: 

Wiley. 



Data Scenario 
 
Most of the questions in this exam are related to this data scenario.  Any general questions will 
be flagged with the words “General Question.” 
 
THE STORY: 
We have a data set containing information on 76 single-family homes in Eugene, Oregon during 
2005.  At the time the data were collected, the data submitter was preparing to place his house on 
the market and it was important to come up with a reasonable asking price.  Whereas realtors use 
experience and local knowledge to subjectively value a house based on its characteristics (size, 
amenities, location, etc.) and the prices of similar houses nearby, statistical analysis provides an 
alternative that more objectively models local house prices using these same data.  Better still, 
realtor experience can help guide the modeling process to fine-tune a final predictive model.   
 
VARIABLE DESCRIPTIONS: 

• Price = sale price (thousands of dollars) 
• Size = floor size (thousands of square feet)  
• Bath = number of bathrooms (with half-bathrooms counting as 0.1) 
• Bed = number of bedrooms (between 2 and 6) 
• Year = year built 
• Garage = garage size (0, 1, 2, or 3 cars) 
• Status = act (active listing), pen (pending sale), or sld (sold) 
• Active = indicator for active listing (reference: pending or sold) 
• Elem = nearest elementary school (edgewood, edison, harris, adams, crest, or parker) 

 
A snapshot of the first 20 observations is given here: 

 
 



1.  (14 pts)  General Question.  Several scenarios are listed below on the left.  A number of 
statistical procedures, distribution, and measures that we’ve covered are listed on the right.  
For each scenario, list the statistical method you should use.  Not all of the procedures listed 
will be used. 
 

• You wish test a hypothesis about a mean using 
a small sample size.  What procedure should 
you use?                                                __r____ 
 

• You’d like to look for outliers in your data.  
The distribution is skewed, though, so you’ve 
opted to use the five number summary.  What 
procedure will help you identify possible 
outliers?                                                __ e___ 
 

• Which measure can be used to find the relative 
standing of two observations from different 
distributions of data?                            __ f___ 
 

• You are taking a sample of 50 people and 
measuring their average height.  Suppose the 
individual heights have a mean of 56 inches 
and a standard deviation of 5 inches.  What 
distribution would help you find the 
probability that the average is greater than 70 
inches tall?                                            __ k___ 
 

• You have a quantitative variable, and want to 
visually picture the data in such a way that the 
original data values are preserved.  What graph 
will do this?                                          __h___ 

 
• You’d like to find the mean income of all 

Amherst residents, using a sample of 35 
people.  What procedure should you used to 
produce a 95% confidence interval? 

                                                                  __ m___ 
 
• You’d like to see if there is a difference in the 

mean incoming SAT score of incoming 
freshmen among all of the five colleges 

 
                                                                  __ v___ 
 

 a) Bar Graph 
b) Pie Chart 
c) Mean and Standard deviation 
d) Five Number Summary 
e) 1.5 IQR rule 
f) Z-score 
g) Histogram 
h) Stem-and-leaf Plot 
i) Boxplot 
j) Binomial Distribution 
k) Normal Distribution 
l) Uniform Distribution 
m) One-sample t-Interval for a mean 
n) Two-sample t-Interval for a mean 
o) One-sample z-Interval for a proportion 
p) Two-sample z-Interval for a proportion 
q) Matched pairs t-Test 
r) One-sample t-Test for a mean 
s) Two-sample t-Test for a mean 
t) One-sample z-Test for a proportion 
u) Two-sample z-Test for a proportion 
v) ANOVA 

 



2. (8 pts)  A histogram and boxplot of house price is shown below.  Give a brief description of 
the price variable based on these graphs. 
 
The price variable is quite symmetric.  It is centered at about $275,000, with a 
spread from $150,000 to $450,000.  There do not appear to be any outliers. 
 
 
 
 
 
 
 
 
 

 
 

3. (6 pts)  Some summary statistics of PRICE are given below.  Is the mean or the median a 
better estimate of the center of this variable?  Please explain why. 

 
> numSummary(HouseData[,”Price”], statistics=c(“mea n”, “sd”, “quantiles”),  
+   quantiles=c(0,.25,.5,.75,1)) 
     mean       sd    0%    25% 50%    75% 100%  n 
 285.7954 60.33269 155.5 242.75 276 336.75  450 76 

 
As the mean is larger than the median, price is skewed to the right.  However, it is 
not skewed by much.  The histogram showed price was quite symmetric, so the 
mean is a better estimate of the center of this variable.  The mean is more 
commonly used when the data allow it. 



4. (10 pts)  General Question.  Explain how the central limit theorem of statistics has been 
useful throughout this course. 
 
The central limit theorem has been used throughout this course to allow us to 
use normal distribution probabilities to make inferences for both means and 
proportions. 
 
 
 
 
 
 

5. (8 pts)  Suppose that the distribution of PRICE is truly Normal with a mean of µ = $300,000 
and a standard deviation of σ = $70,000.  Find the probability that a randomly selected house 
has a price of over $450,000.  Find the probability that the mean of 8 houses is over 
$450,000. 
 

��� > 450� = � 
� > 450 − 30070 � = ��� > 2.14� = 1 − 0.9838 = 0.0162 

 
 
The sampling distribution of �̅ is normal, with a mean of ��̅ = � = 300 and a 

standard deviation of ��̅ = �√� = ��√ = 24.7487. 

 

���! > 450� = � 
� > 450 − 30024.7487 � = ��� > 6.06� ≈ 0 

 
There is a 1.62% probability that a single house costs more than $450,000, but 
there is practically no chance that the average of eight houses exceeds 
$450,000. 
 

6. (8 pts)  Compute and interpret the 90% confidence interval for the mean price of homes in 
Eugene, Oregon. 
 

�! ± $�%&∗ (√) = 285.7594 ± 1.665 60.3327√76 = 285.7594 ± 11.5229 = �274.24	, 297.28� 
We are 90% confident that the true mean price of homes in Eugene, OR, is 

between $274,000 and $297,000.  



7. (8 pts)  A pilot study in Eugene estimated the proportion of pending sales to be 0.20.  Is our 
sample large enough to estimate the percentage of homes with sales pending to within 10 
percent with a 95% confidence interval?  Please justify your answer. 
 

,- = �∗./0)  

0.10 = 1.9610.20�0.80�)
) = 1.962�0.20��0.80�0.102) = 61.47

 

 
Yes our sample is large enough.  We sampled 76 houses, but only needed 62. 
 
 
 
 

8. (8 pts)  We find that 13 of the 76 houses have sales pending.  Find and interpret the 98% 
confidence interval for the true proportion of houses in Eugene with sales pending. 

 

/̂ ± �∗1/̂04) = 0.1711 ± 2.32610.1711�1 − 0.1711�76 = 0.1711 ± 0.1005 = �0.0706	, 0.2716� 
 

We are 98% confident that the true proportion of houses in Eugene with sales 
pending is between 7.06% and 27.16%. 

 
 
 
 
 
 
 

 
  



9. (6 pts)  A scatterplot of PRICE versus YEAR is given below.  Use it to describe the 
association between these two variables.  What do you think would be the value of the 
correlation if you were to compute it? 

 
 

There doesn’t seem to be much association at all between the year and the 
price.  I’d guess that the correlation would be something like 0.24. 

  



10. (8 pts)  Summary statistics of the PRICE and SIZE variables are given below.  We’ll use 
linear regression to try to predict the price of a house based on its size. 
 

 �̅ s 
SIZE (square feet) 1,970 212.4 

PRICE (dollars) $285,795 $60,333 
r = 0.2014   

 
Write down the equation of the least squares regression line.  Do you think it will work well 
in explaining the sales price of homes in Eugene?  Explain. 
 

5& = 6 (7(� = 0.2014 
60333212.4 � 	 57.208 

5� 	 8! � 5&�! 	 285795 � 57.208�1970� 	 173095.24 
 
The regression line is: 

�69:;< 	 173095.24 = 57.208�>?@;� 
 
This line doesn’t work very well.  First, there isn’t much of a linear relationship 
on the scatterplot.  Also the A2 	 0.20142 	 0.04056.  Only 4.06% of the 
variation in house price is explained by the linear regression with house size. 
 

11. (8 pts)  A plot of the PRICE versus SIZE data is given below, along with two least squares 
regression lines.  One line is for all of the data and the other is after removing the circled data 
point on the right-hand side of the plot.  What would we call such a point? 

 
This is a point with high leverage that is not very influential. 

Typo! 



12. (8 pts)  The sample average house size is 1.97 thousand square feet, with a sample standard 
deviation of 212 square feet.  Conduct a statistical hypothesis test to see if the mean house 
size is less than 2,000 square feet. 
 

We are testing:  
B�:	� 	 2000	D$2BE:	� < 2000	D$2 

 

The test statistic is:  $ = G%HI� √�J = &K��%2���2&2 √�LJ = −1.2337 

 
From row 75 of the table, 1.2337 is off the table to the left.  This means that 
the p-value is greater than 0.10. 
 
We do not have evidence to reject the null hypothesis.  We have no evidence 
that the mean house size is less than 2,000 square feet. 
 

13. (10 pts)  Describe how you might study the relationship between price and the elementary 
school closest to the house.  What numerical/graphical summaries might you use?  What 
inference procedure(s) might you use? 
 
Elementary school is a categorical random variable, while price is numeric.  We 
could do some frequencies or a bar graph/pie chart of the schools.  Since there 
are more than two schools, We might consider trying an ANOVA test to 
compare the mean price amongst all schools. 

 
 
 

 
  



The remaining questions do not pertain to the housing price data scenario. 
 

14. (8 pts)  The American Freshman Survey found that 3 out of 10 college freshmen describe 
themselves politically as liberal of "far left."  Suppose a random sample of 17 college 
freshmen is selected. 

 
What is the probability that at least 12 of them describe themselves as "far left" politically?  
How many students would we expect to describe themselves as “far left” politically? 
 
We have a binomial random variable. 

��� ≥ 12� = 1 − ��� < 12� = 1 − ��� ≤ 11� = 1 − 0.999344 = 0.000656 
 
We expect to see )/ = 17�0.30� = 5.1 describe themselves as “far left” 
politically. 
 
 
 
 

15. (8 pts)  What assumption(s) persist throughout ALL of the statistical inferences methods 
we’ve learned in this class? 
 
All of the methods we’ve learned require us to have taken a simple random 
sample and independent observations. 
 

  



16. (8 pts)  For a space vehicle to gain reentry into the earth’s atmosphere, the reentry propulsion 
system must work properly.  One component of the system operates successfully only 60% 
of the time.  To increase the reliability of the system, four of these components are installed 
in such a way that the system will operate successfully if at least one component is working.  
What is the probability that the system will fail?  (Assume that the components operate 
independently.) 
 
To fail, we need all four components to fail.  They are independent, so 
 
��DO?PQ6;� 	 ��1RS 	fails� × ��2�Z	fails� × ��3[Z	fails� × ��4S\	fails� = 0.40] = 0.0256 
 
There is a 2.56% probability that the system will fail. 
 
 

17. (8 pts)  Data on age and yearly income was collected from a sample of Massachusetts 
residents and is displayed in the following two-way table: 

 
  

Income 

 

  <$25k $25k – $70k > 70k Total 

A
ge

 
(y

ea
rs

) < 25 952 1,050 53 2,055 
25 – 45 456 2,055 1,570 4,081 

> 45 54 952 1,008 2,014 
 Total 1,462 4,057 2,631 8,150 
 
Find the probability that a randomly chosen Massachusetts resident is less than 25 years old. 
 
Find the probability that a randomly chosen Massachusetts resident is over 45, given that 
they make less than $70,000 per year. 
 

  

��less than 25� = 	20558150 = 0.2521 

 

��over 45|less than 70k� = 	��over 45 and less than 70k���less than 70k� = _]`K_2 &_�&]L2`]�_� &_� = 10065519= 0.1823 
 
There is a 25.21% probability of a randomly chosen Massachusetts resident 
being less than 25 years old.  There is an 18.23% chance that a randomly chosen 
Massachusetts resident is over 45, given that they make less than $70k per 
year. 
 



18. (8 pts)  A college professor teaches statistics each spring to a large class of first year students.  
He uses standardized exams that he knows from past experience produce bell-shaped 
distributions with a mean of 70 and a standard deviation of 14.  His philosophy of grading is 
to impose standards that, in the long run, will yield 14% A’s, 20% B’s, 32% C’s, 20% D’s 
and 14% F’s.  Where should the cut-off be between the B’s and the C’s?  (Round your 
answer to a whole number.  Don’t worry…..I don’t use this scheme!  ☺) 

 

 

We need the point on this normal curve with 0.14 + 0.20 + 0.32 = 0.66 to the left 

of it.  Looking in the Z-table, we find that the closest we get is � = 0.41,  

corresponding to 0.6591.  The cutoff score is then: 

� = � − ��
0.41 = � − 7014� = 0.41�14� + 70 = 75.74

 

You’d need to score a 75.74 to move from a C to a B. 
  



 
Cumulative Probability Distribution  
n = 17 and p = 0.3  
0 0.002326 
1 0.019275 
2 0.077385 
3 0.201907 
4 0.388690 
5 0.596819 
6 0.775215 
7 0.895360 
8 0.959723 
9 0.987307 
10 0.996765 
11 0.999344 
12 0.999897 
13 0.999988 
14 0.999999 
15 1.000000 
16 1.000000 
17 1.000000 

Cumulative Probability Distribution  
n = 17 and p = 0.7  
0 0.000000 
1 0.000000 
2 0.000001 
3 0.000012 
4 0.000103 
5 0.000656 
6 0.003235 
7 0.012693 
8 0.040277 
9 0.104640 
10 0.224785 
11 0.403181 
12 0.611310 
13 0.798093 
14 0.922615 
15 0.980725 
16 0.997674 
17 1.000000 

Cumulative Probability Distribution  
n = 10 and p = 0.3  
0 0.028248 
1 0.149308 
2 0.382783 
3 0.649611 
4 0.849732 
5 0.952651 
6 0.989408 
7 0.998410 
8 0.999856 
9 0.999994 
10 1.000000 

Cumulative Probability Distribution  
n = 10 and p = 0.7  
0 0.000006 
1 0.000144 
2 0.001590 
3 0.010592 
4 0.047349 
5 0.150268 
6 0.350389 
7 0.617217 
8 0.850692 
9 0.971752 
10 1.000000 

 



 



 



 


