4: Probability Review Questions and Exercises

Review Questions

Define “probability.”

What is a random variable?

What are the two distinct types of random variables?

What is a discrete random variable?

What is a continuous random variable?

What is a binomial random variable?

What does pmf stand for?

What is a pmf?

Binomial pmfs have two parameters. Name these.

What does the symbol X represent in this statement X~b(n,p)? What does the symbol ~ represent?
What does n represent? What does p represent?

11. What is a Bernoulli trial?

12. What does X represent in the statement Pr(X = x)? What does x represent?

13. How do you read the statement? “Pr(X = x)”

14. How do you read the statement? “X~b(n,p)”

15. Pr(X < x) represents the probability of x.

16. Probabilities can be no less than and no more than 1.

17. The probability of all possible outcomes for a random variable sum exactlyto .
18. What does it mean to say that two events are disjoint?
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19. If two events are disjoint, then Pr(A U B) = +

20. What is the complement of an event?

21. Pr(A)=1-

22. What does AUC stand for?

23. The AUC in a pmf and pdf graph is equal to the of those occurrences.

24. Probabilities for discrete random variables are assigned via pmfs. Probabilities for continuous
random variables are assigned via

25. What does pdf stand for?

26. Normal pdfs have two parameters. Name these.

27. Normal pdfs are centered on .

28. The spread of a normal pdfis controlled by its

29. What is an inflection point?

30. Normal curves have inflection points that are one above and below p.

31. How many different normal pdfs are there?

32. _ % of the AUC for a normal curve is withinu+t o; _ % iswithinpux20; % is within u £ 30.

33. The total AUC of a pdf sums exactly to __.

34. The AUC between any two points on a normal pdf corresponds to the of values
within that range.

35. The AUC to the left of a point on a normal pdf corresponds to the probability of
that value.
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Exercises

4.1 Tay-Sachs. Tay-Sachs is a metabolic disorder that is inherited as an autosomal recessive trait, with
both recessive alleles are necessary for expression of the disease. Therefore, when each parent is a
carrier, there is a 1 in 4 chance of transmitting the genetic disorder to each offspring.

(A) Let X represent the number of offspring affected in 4 consecutive conceptions from Tay-Sachs carrier
parents. Is X a binomial random variable? Explain your response. Use notation to express the pmf for
random variable X.

(B) Complete this table for the binomial pmf for this random variable. (Use the app.)

Pr(X = x) Pr(X £ x)

PIWIN|IRLR|O|X

(C) What is the probability the couple has no offspring with the Tay-Sachs trait in the 4 pregnancies?
(D) What is the probability the couple has at least one offspring with the Tay-Sachs trait?

4.2 Breast cancer. The lifetime risk of developing breast cancer in women is 1 in 10. Let X represent the
number of women in a group of 21 women who ultimately develop breast cancer.

(A) Use notation to express this binomial pmf.
(B) Build the first part of the pmf by filling in this table.

X Pr(X = x) Pr(X £ x)
0

1

2

3

4

5

6

7

8

9

10 0.0000 1.0000
etc. etc. etc.

21 0.0000 1.0000

(C) What is the probability of no (0) cases among the 21 women?
(D) What is the probability of seeing 5 or fewer cases?
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4.3 Gestation. Assume that gestation in humans is normally distributed with a mean of 280 days after
the last menstrual period with a standard deviation of 13 days.

(A) Create a sketch of the normal curve depicting this pdf. Mark the horizontal axis with values (days)
that are one standard deviation above and below the mean. Locate the points of inflection on the curve
as accurately as possible.

(B) Use the 68-95-99.7 rule to determine the middle 68% of gestation periods. What percent of values
will fall below this range?

(C) Use the 68-95-99.7 rule to determine the middle 95% of gestation periods. What percent of values
will fall above this range?

4.4 Tall man. A man who is 6’7" tall (79 inches) is actually only 13% taller than a man who is 5’10” (70
inches). So why does the man who is 6’7" appear to be so tall? Let us assume that men’s height is
normally distributed with a mean of 70 inches and standard deviation of 3 inches.

(A) Use notation to express the pdf of men’s height.

(B) If selecting a man at random from the population, what is the probability of encountering a man that
is 5'10” or taller? (Use the normal pdf app.)

(C) What is the probability of encountering a man that is 6’7” or taller?

(D) How does rarity affect our perception of height?

4.5 Warriors. The probability that the 2016 Warriors basketball team wins a game on any given night is
90%. Consider 10 consecutive games. (Use the app in each instance.)

(A) In playing the 10 games, what is the probability the warriors win all 10?

(B) What is the probability they lose 1 or more?

(C) What is the probability they lose exactly 1 game (i.e., win 9 out of 10)?

4.6 Linda’s omelet. Linda hears a story on National Public Radio stating that one in six eggs in the United
States are contaminated with Salmonella. If Salmonella contamination occurs randomly within and
between egg cartons and Linda makes a three-egg omelet, what is the probability that her omelet will
contain at least one Salmonella-contaminated egg? (Hint: Use proper notation to denote the binomial
pmf describing the number of contaminated eggs in the omelet and then determine Pr(X > 1).)

4.7 Low 1Q. A death row inmate in the state of lllinois has a Wechsler adult intelligence score of 51.
Recall that Wechsler adult intelligence scores are normally distributed with a mean of 100 and standard
deviation of 15. What percentage of adults have score of less than or equal to 51? (Use the app.)

4.8 BMI. Body mass index is weight in kilograms divided by height in meters squared. This provides a
height adjusted index of body weight by which to judge whether an individual is underweight,
overweight, or obese. Suppose a community survey finds that the mean BMIs of women between the
ages of 40 and 49 is approximately normally distributed with a mean of 26 and standard deviation of 5.

(A) Draw the pdf curve. Include the landmarks for i (26) and W £ o (with the values for p = o) on the
horizontal axis of the curve.

(B) Below are the standards for weight status based on BMI cutoffs. If | selected someone at random
from this population, what is probability they’d be overweight? (Use the app in each instance.)
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BMI Weight Status

Below 18.5 Underweight
18.5-24.9 Normal or Healthy Weight
25.0-29.9 Overweight

30.0 and Above Obese

(C) What is the probability a person selected from this population is obese?
(D) What is the probability they are underweight or obese?
(E) What is the probability they are in the normal or healthy range?
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