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University of North Carolina
Economics 400:  Economic Statistics and Econometrics

First Midterm Examination
February 28, 2019Prof. B. Turchi

Among his many admirable qualities Coach Smith was an innovator in the use of statistics and
mathematics to maximize the competitive advantage for his teams. On the fourth anniversary of

his death, this examination will commemorate his contributions with some UNC basketball-based
problems.

General Instructions: Answer all five (5) questions on this examination, writing your answers on
the exam paper itself.  Use the scratch page at the end 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.

1. Dean Smith, the joke goes, was the only person in the world who could hold Michael Jordan under 20
points per game. In fact, since 1953 only six Carolina players out of 320 averaged 20 points or more per
game for their entire UNC careers (Jordan wasn't one of them). Averaging double digits (10.0 points or
better) for an entire UNC career is really hard; only 20.9 percent of UNC players have done so. Suppose
we randomly sample (with replacement) 24 players out of this population of 320 counting as a success
each player who averaged 10 or more points per game.

(a) (3 points) What is the appropriate distribution to use in analyzing this sample? Why? <<The
Binomial distribution since we are sampling with replacement>>

(b) (3 points) What is the expected number of double-digit scorers we should expect to find in the
sample? Explain your work.  <<5.016. This is a binomial distribution so

>>l = np = 24 % 0.209 = 5.016

(c) (12 points) What is the probability of finding between 4 and 10 (inclusive) double-digit scorers?
Be sure to show your work and the assumptions you're making.

This question asks the student to compute the probability of finding between 4 and 10 successes in a sample
of 24. Since this is a binomial problem, one could compute the binomial probabilities for each of the 7
different outcomes, but this is really tedious and time consuming especially in a timed exam. (Using Stata’s
binomialtail function: binomialtail(24,4,0.209) = 0.7698327  and binomialtail(24,11,0.209) = 0.0054077,
we get 0.7698327 - 0.0054077 = 0.764425. Student should get most credit for this but minor deduction
for not using the normal aproximation to the binomial:

1.  Apply rules of thumb: (np = 5.016 & n(1-p) = 18.984)

2.  Apply continuity correction (4 - .5 = 3.5 & 10 + .5 = 10.5)
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3. Compute areas:

3.5 5.016 0.7611 0.2767 (area interpolated)
1.9919

10.5 5.016 2.75315 0.49703 (area interpolated)
1.9919

lower

upper

z

z

-
= = - Þ

-
= = Þ

0.2767

0.49703

Total Area =
0.7737

Total probability of finding 4 - 10 (inclusive) double-digit scoreres is 0.7737

2. (16 points) It is generally agreed that a 3-point shot in basketball is a good shot if a team can make 33
percent of them. Let event B represent "Duke shoots greater than 33 percent" in a game. Reviewing
Duke's performance in prior games in his last season (1996-97), suppose Coach Smith found that Duke
faced 3 different defenses: zone (35 percent of the time), man-to-man (50 percent of the time) and "junk"
defenses (15 percent of the time). He also found that against zone defenses Duke hit 38 percent of their
3-point shots, against man-to-man 27 percent of their shots and against junk defenses 41 percent.  In the
last game prior to the UNC game Duke hit 25 percent of their shots. What is the probability that Duke
faced a "junk" defense in that game?

<< Here's our data:  B = Duke hits more than 33 percent of their shots
D1=zone, D2=man-to-man, D3=junk

P(B|zone) = .38
P(B|man-to-man) = .27
P(B|junk) = .41
P(zone) = .35
P(man-to-man) = .50
P(junk) = .15

We want to find P(junk|B-not)

We can infer from the data the following:
P(B-not|zone) = .62
P(B-not|man-to-man)= .73
P(B-not|junk) = .59
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So, the probability that Duke faced a “junk” defense fell from 15 to 13.2 percent.
3. Prove the following: (12 points) Prove that the variance of a standardized random variable(r2 ) (z)

equals one. Show your work and assumptions.
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4. In Dean Smith's last year of coaching, his team averaged 15.7 personal fouls per 40 minute game.
Assuming fouls were spread evenly through the game,
(a) (4 points) What is the expected number of fouls in any 10 minute period?

 <<3.925 fouls per 10 minutes>>  Ten minutes is 25% of the game, so we use the Poisson function with
 and t=0.25.  Therefore, the mean number of fouls for the 10 minute period isk = 15.7

k $ t = 15.7 $ 0.25 = 3.925.

(b) (8 points) What is the probability that the team would commit 5 or more fouls in a 10 minute
period?
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Here the student needs to calculate 5 Poisson probabilities for x = 0, 4 and subtract the sum from 1, as
above.

(c) (4 points) What is the expected number of fouls in a one minute period?

  <<15.7/40 = .3925>> In this case the mean is k $ t = 15.7 % 1
40 = 0.3925.

(d) (8 points) What is the probability that a team could go five or more minutes without a foul?

<<0.1405>>  This is a right-tail probability derived from an exponential distribution with

( )
5 0.3925 5405 0.1405 where 0.3925 and 5.

40
P t e e t

l l- - ´³ = = = = =
g

5. "Career Minutes played" is a statistic that was collected for players only since the mid- to late- 1970s. We
have minutes played for 189 players. The data below represent a random sample of 25 drawn (without
replacement) from those 189 players.

   9  54  479 2100 3055
  15  74  826 2865 3185
  17 123 1135 2889 3315
  42 254 1323 2901 3705
  49 280 1833 2919 3973

a)  (6 points) calculate the sample median, mean and standard deviation of these data. Show your
work.

Median: = 1,135
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(b) (6 points) Draw a picture in the box below of the histogram that might represent these data with
each bar representing 1,000 minutes.  How would you describe the shape of this distribution?

 << Skewed right and slightly bimodal>>
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(c)  (6 points) Construct intervals around the sample mean of one standard error (on each side) and
two standard errors (on each side). What are the intervals? Show how you calculate them.

( )266.793 and 573.586± ±

(d)  (6 points) Assuming that the distribution of the sample mean is normal, calculate the probability
that the true mean is within 1.5 or 2.5 standard errors of the sample mean. Show your work.

<<This is simply finding the areas in the normal table for z = 1.5 and z = 2.5. Those areas are (0.4332x2 =
0.866) and (0.4938x2 = 0.9876) respectively)

-2.5 2.5-1.5 1.5

= 0.866
= 0.988+

(e) (6 points) Are these probabilities likely to represent an over-, under-, or correct- estimate of the
true probabilities? Explain.

<<The population is likely to be non-normal and, because we have to use the sample standard deviation to
calculate the standard errors it is likely that we overestimate the probability of the true population mean
being within the specified intervals.  On the other hand the central limit theorem suggests that the sample
mean approaches the normal as sample size grows. The question here is whether or not the sample is large
enough.
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