
Problem Set 2: Statistics

(Due Friday 2/24/2017 at 5pm)

You will need the following for problems 1 and 2:

In lecture, we talked about the mean of a distribution of data and its standard deviation.
Another very important notion is that of an expected value. An expected value is the
mean of a random variable. In other words, it is what we expect to get as a long-term
average value of a numerical random variable X. The expected value of X is denoted
E[X].

For example, let’s say you’re playing a game where you roll a die once and you receive an
amount of dollars equal to the number of dots on the face you rolled. The expected value of
money that you will earn is:

1 + 2 + 3 + 4 + 5 + 6

6
= $3.5. (1)

Now suppose that the numbers {1, 2, 3, 4, 5, 6} do not occur with equal probability, but have
a probability distribution { 1
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, 2
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, 3
21
, 4
21
, 5
21
, 6
21
} respectively. Then, the expected number of

dollars that you will receive if you roll this die once is:(
1

21
× 1

)
+

(
2

21
× 2

)
+

(
3
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× 3

)
+

(
4
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)
+
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5

21
× 5

)
+

(
6

21
× 6

)
= $4.33. (2)

So, in general, the expected value of a random variable X, where X can take the values
{x1, x2, . . . , xn} with probabilities {p1, p2, . . . , pn} is:

E[X] = (p1 × x1) + (p2 × x2) + · · ·+ (pn × xn). (3)

Problem 1

A manufacturer is sending 10 boxes out for shipment today. Unfortunately, some of the
boxes have defective items

Box # 1 2 3 4 5 6 7 8 9 10 (4)

#of defective items 0 0 1 0 2 2 0 0 1 3 (5)

(a) One of these boxes is to be selected at random for shipment to a particular customer.
Let X be the number of defective items in the selected box. What is the probability
distribution of X.

(b) What is the expected value of defective items?

(c) Another manufacturer is known to have X2 defective items in each of the boxes num-
bered 1 to 10. If this manufacturer sends out a randomly selected box, what is the
expected number of defective items the customer will receive?
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Problem 2

You toss a fair coin 10 times. Let X = number of heads obtained in 10 tosses.

(a) What is the probability distribution of X?

(b) What is the expected value of X?

(c) Now suppose the coin isn’t fair and has a higher probability of obtaining Heads, with
P (H) = 0.7 and P (T ) = 0.3. What is the expected value of Heads for this coin when
it is tossed 10 times? To calculate this, perform steps (a) and (b).

(d) For the coin in (c), can you guess the expected number of Heads in 1000 tosses? (Doing
the calculation will probably take all week).

(e) In general, if P (H) = p and P (T ) = 1 − p, what is the expected number of Heads in
n tosses?

Problem 3

Women of the Dinaric Alps are considered among the tallest in the world with an average
height of 171.1cm (5ft 7.5in), while the average height of an American woman is 162.9cm (
5ft 4in). Suppose that both heights are approximately normally distributed with a standard
deviation of 6cm.

(a) What is the probability that a randomly selected woman from the Dinaric Apls region
is shorter than the average American woman?

(b) What is the probability that a randomly selected woman from the US is taller than
the average Dinaric Alps woman?

(c) Suppose that you have a representative group of women from the Dinaric Alps and
from the US mixed together. If you select a woman at random (there is a 50-50
chance of selecting a woman from the Dinaric Alps region or from the US), what is the
probability that this woman is taller than 170cm?

Problem 4

This problem is selected from Chapter 4 in: Devore, J. L., Probability and Statistics, 9th Edition (2016)

Vehicle speed on a particular bridge in China can be modeled as normally distributed (“Fa-
tigue Reliability Assessment for Long-Span Bridges under Combined Dynamic Loads from
Winds and Vehicles,” J. of Bridge Engr., 2013: 735–747).

(a) If 5% of all vehicles travel less than 39.12 mi/h and 10% travel more than 73.24 mi/h,
what are the mean and standard deviation of vehicle speed?
Hint: A drawing will help a great deal. Also, use the table (attached at the end). If
you don’t find the exact number you’re looking for, just use the one closest to it.
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(b) What is the probability that a randomly selected vehicle’s speed is between 50 and 65
mi/h?
Hint: P (a ≤ X ≤ b) = P (X ≤ b)− P (X ≤ a).

(c) What is the probability that a randomly selected vehicle’s speed exceeds the speed
limit of 70 mi/h?

Problem 5

This problem is selected from Chapter 5 in: Devore, J. L., Probability and Statistics, 9th Edition (2016)

Let X denote the courtship time for a randomly selected female–male pair of mating scorpion
flies (time from the beginning of interaction until mating). Suppose the mean value of X
is 120 min and the standard deviation of X is 110 min (suggested by data in the article
“Should I Stay or Should I Go? Condition- and Status-Dependent Courtship Decisions in
the Scorpion Fly Panorpa Cognate” (Animal Behavior, 2009: 491–497)).

(a) Is it plausible that X is normally distributed?

(b) For a random sample of 50 such pairs, what is the (approximate) probability that the
sample mean courtship time is between 100 min and 125 min?

(c) For a random sample of 50 such pairs, what is the (approximate) probability that the
total courtship time exceeds 150 min?

(d) Could the probability requested in (b) be calculated from the given information if the
sample size were 15 rather than 50? Explain.

Problem 6

A community has two hospitals. Hospital A is a large medical center, while Hospital B is a
more fashionable and much more expensive hospital where most patients are wealthy. An
article in the local paper claims that a higher percentage of surgery patients die at Hospital A
than at Hospital B, and deplores the fact that people who are less well off are disadvantaged.
It also recommends to the people in the community that if they can afford it, they should
choose to have their surgery in Hospital B rather than A. A more detailed look at the number
of surgery patients in the last few months at both Hospitals, taking into account also whether
the incoming patients were in good or poor health, shows the following:

Hospital A Hospital B
Good Health Poor Health Good Health Poor Health

Died 4 57 5 8
Survived 559 1422 585 196

(a) What are the percentages of patients admitted for surgery who are in bad health prior
to the operation?
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(b) What are the total percentages of patients who died?

(c) What are the percentages of patients in previously good health who died?

(d) What are the percentages of patients in previously poor health who died?

(e) Try describing this paradox in your own words in one paragraph. Don’t just repeat
the numbers: give a clear explanation of what is happening in these statistics.
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