
Preparing for the 
Midterm Exam



• Thursday,  November 9, 2pm‐3:20pm
• Here in 305 MSE
• Closed book exam; no books, notes, 
laptops, etc.

• However, calculators can be used.
• You can prepare one cheat sheet
(letter size)



This will be provided

r





What may be on the exam?

• Bayes Theorem
• Discrete & Continuous Random Variables
• Joint Probability Distributions, 
Covariance/Correlations

• Confidence Intervals
• Hypothesis testing
• Other topics
• Look at Homeworks 1‐4  for examples of 
problems



Hypothesis testing



7

What type of hypothesis should I apply?

A. Two‐sided: μ1≠μ0
B. One‐sided: μ1> μ0
C. One‐sided: μ1< μ0
D. Three‐sided
E. I have no idea

Get your i‐clickers
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The standard deviation of  in this sample is:

A. $4.50
B. $45
C. $0.45
D. I have no idea

Get your i‐clickers







Confidence intervals



1. A sample of size 100 which has the sample mean 500X   was drawn from a 
population with an unknown mean  and the standard deviation 80  .   

a) Give the 95% confidence interval for the population mean.  



1. A sample of size 100 which has the sample mean 500X   was drawn from a 
population with an unknown mean  and the standard deviation 80  .   

a) Give the 95% confidence interval for the population mean.  

Answer:     0.025 0.025
80 80(500 500 ) 0.95
100 100

P z Z z  
where 0.025 1.96z  .   

Therefore, the interval is [484.32, 515.68].
 



Bayes rule
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In answering a question on a multiple‐choice test, a student either
knows the answer or he guesses. Let 1/3 be the probability that
he knows the answer. If he does not know the answer, he
randomly guesses one out of 4 multiple choice questions. What is
the conditional probability that a student knew the answer to a
question given that he answered it correctly?

A. 1/4
B. 1/3
C. 2/3
D. 1/5
E. I don’t know

Get your i‐clickers





In answering a question on a multiple-choice test, a student either knows
the answer or he guesses. Let 1/3 be the probability that he knows the
answer. If he does not know the answer, he randomly guesses one out of 4
multiple choice questions. What is the conditional probability that a
student knew the answer to a question given that he answered it
correctly?

Answer: P(K)=1/3, P(K’)=2/3, P(C|K)=1, P(C|K’)=1/4. 
P(K|C)=P(C|K)*P(K)/P(C)=1*(1/3)/(1*1/3+(1/4)*(2/3))=2/3=0.666…



Discrete Probability Distributions



What is X in this problem?
• What is the random variable: Look for 
keywords:
– Find the probability that….
– What is the mean (or variance) of…

• What are parameters? Look for keywords:
– Given that…
– Assuming that…





Poisson distribution in genomics
• G ‐ genome length (in bp) 
• L  ‐ short read average length 
• N – number of short read sequenced 
• λ – sequencing redundancy = LN/G
• x‐ number of short reads covering a given site on the genome 

Ewens, Grant, Chapter 5.1 

Poisson as a limit of Binomial. For a given site on the 
genome for each short read Prob(site covered): p=L/G is very small.
Number of attempts (short reads): N is very large. Their 
product  (sequencing redundancy): λ = NL/G is O(1).



22

Probability that a base pair in the genome is 
not covered by any short reads is 0.1
One randomly selects base pairs until 

exactly 5 uncovered base pairs are found.
Which discrete probability distribution describes 

the number of attempts?

A. Poisson 
B. Binomial
C. Geometric
D. Negative Binomial
E. I have no idea

Get your i‐clickers
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Probability that a base pair in the genome is 
not covered by any short reads is 0.1
One randomly selects base pairs until 

exactly 5 uncovered base pairs are found.
What are the values of p, r?

A. p=0.5, r=5
B. p=0.1, r=0.5
C. p=0.1, r=5
D. p=0.5, r=0.1
E. I have no idea

Get your i‐clickers
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Cancer happens when the gene p53 mutates. 
Probability of p53 to mutate per year is 5%. 

How many years before a patient gets disease?
Which discrete probability distribution

would you use to answer?

A. Poisson
B. Binomial
C. Geometric
D. Negative Binomial
E. I have no idea

Get your i‐clickers



Continuous Probability Distributions



2. (8 points) The length of stay at a specific emergency department in
Phoenix, Arizona, in 2009 had a mean of 4.6 hours with a standard deviation
of 2.9. Assume that the length of stay is normally distributed.

(A) (4 points) What is the probability of a length of stay greater than 10
hours?

(B) (4 points) How long does one have to stay in this emergency room
to know that approximately 25% of all visits last even longer?



2. (8 points) The length of stay at a specific emergency department in
Phoenix, Arizona, in 2009 had a mean of 4.6 hours with a standard deviation
of 2.9. Assume that the length of stay is normally distributed.

(A) (4 points) What is the probability of a length of stay greater than 10 
hours?
Answer: (10-4.6)/2.9=1.86  Using table one finds Prob=1-
0.9687=0.0313

(B) (4 points) How long does one have to stay in this emergency room
to know that approximately 25% of all visits last even longer?

 Answer:  Using table one finds P(Z<0.67)=0.75 meaning it is 
4.6+2.9*0.67=6.543



Credit: XKCD 
comics 



Two‐sample hypothesis







1. Use two‐sided hypothesis
2. z_{alpha/2}=1.96
3. Z=(0.65‐0.54)/sqrt(0.18.^2/43+0.14.^2/12)=2.2516
4. Since Z> z_{alpha/2} null hypothesis can be rejected



Continuous probability distributions






