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University of North Carolina
Economics 400:  Economic Statistics & Econometrics

First Midterm Examination
Prof. B. Turchi

General Instructions: Answer all 9 questions on this examination, writing your answers on the
exam paper itself.  Use the back of the pages for any extra work, if necessary. Sign the Honor
Pledge above.  Express all answers to a precision of at least 3 decimal points. Show your work to
be eligible for partial credit. Be sure to note that tables and formulas are on the last 2 pages
of the exam.

Part I:  Each question in this part (6 questions in all) is worth 5 points.

1. (5  points) Suppose we have three events A, B, and C in a sample space, S as shown in the
Venn diagram below.  Write the expression for the probability of event C in terms of the
sample space and events A and B.  P(C) =
__________________.

A

B

C

S

There may be other ways to calculate P(C), so be sure to check if student has used an alternate
but correct method
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2. (5 points) Suppose we have events A1, A2, A3, that are exhaustive and mutually exclusive,
then for any event, B, complete the expression, and draw a Venn diagram illustrating this
situation.
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Venn Diagram

The student may not have extended set B across all 3 values of A; however that only means that
one of the conditional probabilities would be zero.

3. (5 points) Often we collect data and want to get an idea of the shape of the empirical
distribution of those data.  Below we have a symmetry plot for family income data
drawn from a sample survey of households.
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Describe the shape of this sample of family income data.  Is it symmetrical? skewed (if
so, in which direction)?  Sketch a histogram of these data in  the box to illustrate your
answer
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These data are highly skewed to the right.  

4. (5 points) Which of the following Stata commands prints out on the log the highest and
lowest values of the variable score in a data set containing many variables? (Circle
correct answer)

list score in 30/80

list if (score <30 | score >80)

list if (score >30 | score >80)

list if (score <30 & score > 80)

5. (5 points) Write below the Stata command that would give you the descriptive statistics
for the variable score, including the mean, the median, the quartiles and the extreme
values.

summarize score, detail

6. (5 points) In how many states does annual beer consumption exceed 22.9 gallons per
capita?

23 states
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. stem galperca

Stem-and-leaf plot for galperca (State Beer Consumption- Gal. Per Capita)

galperca rounded to nearest multiple of .1
plot in units of .1

  1** | 30
  1** | 
  1** | 73,75,79
  1** | 88,93,93,95,98

  2** | 00,01,01,03,05,07,07,08,10,10,13,13,16,18
  2** | 21,22,25,29,29,30,33,35,35
  2** | 40,41,44,44,46,49,49,52,56
  2** | 64,67,69,70,70,70,78
  2** | 86
  3** | 13
  3** | 
  3** | 44
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Part II: The next 3 questions have multiple parts and are worth 70 points in total; be sure to
answer all parts.
 
7. (25 points total) Despite the national furor over the arrival of the West Nile virus, the

number of severe reported cases (projected to be 3,619 in 2002) is relatively small and the
number of deaths resulting from those cases is also projected to be small (192 deaths).
The West Nile virus is transmitted to humans through the bite of an infected mosquito.
At present only about 0.5 percent of all mosquitos are infected with West Nile virus. Use
the following information to answer the questions below: 

Probability of being bitten by a mosquito:  0.35
Probability of catching the disease if bitten: 0.005
Probability of having a severe case if infected: 0.002
Probability of dying if have a severe case: 0.09

Let: 

B = bitten by a mosquito
C = catch the disease
S = have a severe case
D = die from West Nile fever

a) (3 points) Write symbolically and numerically the probability of being bitten:

    
  0.35P B 

b) (3 points)  Write symbolically and numerically the probability of catching the

disease if bitten:  | 0.005P C B 

c) (3 points)  Write symbolically and numerically the probability of having a severe

case if infected:  | 0.002P S C 

d) (3 points)  Write symbolically and numerically the probability of dying if have a

severe case:  | 0.09P D S 

e) (13 points) compute the probability [P(D)] that a randomly selected person will
die from the West Nile virus in 2002.  Show the requested probability statement in
symbolic terms and then use the information above to compute the probability of
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dying. Be sure to show your work.
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There are 2 ways to die from West Nile virus:  (1) having been severely infected, and (2)

not having been severely infected.    so the only way you can die is to haveP D|S  0
been severely infected first.  The only way you can be severely infected is to have caught
the disease in the first place, and the only way you can catch the disease is to have been
bitten. Consequently,  is the product of three conditional probabilities, all of which weP(D)
know, and the total probability of being bitten, which we also know (last equation in box
above.)   

Give credit for correct numerical answer, but don’t give complete credit unless the student has
given evidence that he/she understands the process of developing P(D).

8. (25 points total) School districts pride themselves on the performance of their students on
standardized tests of achievement and ability.  A good example is the Advanced
Placement Test for calculus.  Suppose that the Wake County School district has 540
students enrolled in AP calculus.  Based on prior years' experience we can expect 151 of
these students to score a 4 or better on the AP calculus test.  Suppose that we randomly
sample 26 different students from the current group.

Here’s the information available from the stem of the question:

r = 151

N = 540

n = 26

r/N = p = 0.28

We are sampling without replacement, so theoretically one should use the hypergeometric
distribution.  However, the rule of thumb  n is less than 5 percent of N applies here, so we
could conceivably use the binomial distribution to approximate the hypergeometric.
Moreover, because the rules of thumb for approximating the binomial with the normal are
also satisfied (np >= 5, n(1-p) >= 5) we can use the normal distribution to approximate the
binomial.  This really comes in handy in part c) of this question.

a) (4 points) What is the expected number of students in this sample who receive a 4
or better on the AP test?
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Use hypergeometric to compute   151
26 7.27

540

r
E x n

N
        
   



Using the rule of thumb, some students might propose to use the binomial with p = 151/540 =
0.2796 and np = 7.27.  This is acceptable, too.

b) (4 points) What is the variance of this sample?

Using the hpergeometric formula for variance:  
2Variance: 

1

r N r N n
n

N N N
            

26( 151
540 )( 540151

540 )( 54026
539 )  4.994.

Using the binomial: Variance:   This2  np(1  p)  26 0.2796 0.7204  5.237
approximation of the variance is a bit further off as compared to the expected values
above. Go ahead and give full credit for the binomial version, too.

c) (9 points) What is the probability that between 6 and 13 students inclusive score a
4 or better on the exam?

Here we can take advantage of the fact that this problem meets the rule-of-thumb criteria for
applying the normal distribution to a binomial distribution.  So, using mean and variance
from either the hypergeometric or binomial distributions as calculated above, calculate
z-scores for random variable (x) values 5.5 and 13.5 (note, we’ve applied the continuity
correction before computing z-scores):

Binomial:

Hypergeometric:

 

 

 

5.5 0 0.773

13.5 0 2.720

0.773 2.720

5.5 7.27
0.773 0.28027

2.29
13.5 7.27

2.720 0.4967
2.29

0.2803 0.4967 0.777

z P z z

z P z z

P z z


     


    
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 

 

 

5.5 0 0.792

13.5 0 2.787

0.792 2.787

5.5 7.27
0.792 0.2858

2.235
13.5 7.27

2.787 0.4974
2.235

0.2858 0.4974 0.7832

z P z z

z P z z

P z z


     


    

   

Note that the student could have computed these probabilities using the hypergeometric or the
binomial distributions; however, the work would have been extraordinarily tedious.  If they
calculate the probability correctly using either of these two discrete distributions give full
credit.
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d) (4 points) What is the theoretically most appropriate distribution to use in
calculating the answer to part c)?  Why?

Theoretically one might have used the hypergeometric distribution because of the sampling
without replacement.

e)  (4 points) What distribution did you use to calculate the answer to part c)?  Why?

Here, the important point is to recognize that rules of thumb would have allowed approximation
with the binomial, or, preferably, the normal distribution.  If the student used the normal
give full credit.  If binomial, subtract one point, if hypergeometric subtract 2 points, if other
method, subtract 3 points.

9. (20 points total) A couple of years ago, my children bought me a DVD player for
Christmas.  It had a one-year warranty and failed completely 376 days after purchase.  In
buying a new one, I was faced with the problem of buying an extended warranty that
would extend warranty coverage through the 3d year of ownership (i.e., the extended
warranty would expire on the 4th anniversary of purchase).  The machine cost me $250
new and would (we will assume) cost me the same to replace if it should fail. Finally, the
salesman at BestBuy (an economics student at UNC) told me that he had seen company
data suggesting that the mean time before failure of these machines is 3.2 years.

a) (2 points) What is the probability that the machine will fail in less than zero years
after purchase?

The probability is 0.  The point of this question was to force the student to see that the random
variable time until failure can only take on positive values.  Hence, the only continuous
probability distribution available for use is the exponential distribution.

b) (6 points)  What is the probability that the machine will fail between 1 and 4
years?

This is a problem that requires use of the exponential distribution and, in particular, the formula for
right-tail probabilities:   We know that the mean of this distribution is P(x a)  e a.

, so we have lambda.  Use a= 1 and 4 and compute the two right tail probabilities,3.2  1

subtracting P(x 1)  P(x 4)  0.7316  0.2865  0.4451.

c) (6 points)  What is the maximum that I should pay for the extended warranty?

I should pay at a maximum the expected value of my loss:  250 0.4451  $111.28

d) (6 points)  If BestBuy has to replace my machine during warranty, it will cost
them $150 to do so.  What is the minimum they will be willing to charge for the
extended warranty?

BestBuy should be willing to charge, at a minimum, the expected value of their loss: 

150 0.4451  $66.77
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10. (30 points)  The owner of a local Mercedes Benz dealership is trying to sell the dealership
to a buyer who wants to know the profit he can make if he buys the dealership. The dealer
claims that he sells 1,200 cars per year at an average profit of $4,400 per car.  The
number of cars sold each year is easily established to be, in fact, 1,200; however, the
profit per car is more difficult to establish and requires the buyer to hire an accountant to
compute the actual profits on cars from a random sample of last year’s sales.  The buyer
needs to be confident at the 95 percent level that the profit per car is at least $3,900 per
car.

a) How many cars need to be sampled if we do not know whether the underlying distribution
is normal, but we do know that the underlying standard deviation, is $800 and we want a,
margin of error between the sample mean and population mean of no more than $200.  What
distribution will you assume for the sampling distribution of the sample mean? Why?

b) Assume that a random sample of the size you just computed in part a) is drawn and the
sample mean profit is $4,110.  Assuming the same population standard deviation as above,
can we be 95 percent sure that the minimum profit is greater than or equal to $3,900? Show
your work and sketch a diagram illustrating your calculation.

c) Is the dealer’s claimed profit within the 95 percent confidence interval suggested by the
above sample? (Again, sketch a diagram illustrating your answer)

Answers to Problem 10:

(a) This part of the question requires us to find a sample size that is sufficient to check two
values:  the claimed profit of $4,400 and the required profit of $3,900.  However, some
students may have used the lower one-sided confidence interval and focussed only on the
$3,900 minimum profit requirement.  This gets them into problems in parts b) and c).

Doing a standard 95%  confidence interval we use the sample size formula:(1  )

2 2
2 2

2 2
2

800
1.96 61.47 ~ 62

200
n z

D


  

Using the lower one-sided confidence interval we would have:
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2 2
2 2

2 2

800
1.645 43.3 ~ 44

200
n z

D

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In any case we will use the normal distribution because we have the population standard
deviation and because the sample size is “large” , i.e., above 30.  The central limit theorem
suggests that the sampling distribution of the sample mean approaches normal for larger
samples.

b)  So, now we compute a 95% confidence interval and see if the minimum profit,(1  )
$3,900 is inside it:

 
2

800
4,110 1.96 3911 ~ 4309

62
x z

n



   

and it turns out to be below the interval.

Here’s a graph:

3,911 4,3093,900

4110x 

The student could also do a lower one-sided confidence interval with the smaller sample size,
and that would lead to:

800
4,110 1.645 3,911

44
x z

n



   
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again, not within the interval.

c)  The dealer’s claimed profit of $4,400 is not within the 95% confidence interval.  The
sketch looks like this:

3,911 4,3093,900

4110x 

4,400

Now, note:  if the student had used a small sample size of 44 and done the lower confidence
interval test on the minimum profit, $3,900, he/she cannot have used the same confidence
interval to test the upper value of $4,400, because the confidence interval is now a 2-tail
interval with 5% of the area in each tail.  That means that the confidence interval is, in fact, a
90% confidence interval, not a 95% confidence interval.  So, give credit for the one-end
approach in parts a) and b) but take off points in part c) if the student used the smaller sample
size and the same confidence interval as in part b).

There is yet a third way the student might have proceeded; he/she might have used the
smaller sample size (44) but have computed a new 95% confidence interval.  That would
have given:

 
2

800
4,110 1.96 3873 ~ 4346

44
x z

n



   

This confidence interval would have incorrectly had the minimum profit ($3,900) in the
confidence interval but the claimed profit ($4,400) would still have been outside the interval
as it was supposed to be.  In this case the sample size of 44 is incorrectly used with a 95%
confidence interval based on that size.
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