
Practice Second Midterm

October 16, 2014

There are 22 questions below. There are actu-

ally two practice exams below; the odd numbered

questions comprise one exam and the even numbered

questions comprise the other.

1. I performed Fisher’s Test for a balanced CRD.

You are given the following facts: p̂1 = 0.45
and p̂2 = 0.40.

I used our website and obtained the P-values

for the three alternatives; they are 0.3560 and

0.7699. As you have no doubt noticed, I have

given you only two of the three P-values. Here

is your task:

Determine the third P-value and

match each P-value with its alterna-

tive in the table below.

Hint: Balance implies that the sampling distri-

bution of the test statistic is symmetric. Think

about how symmetry affects the relationship be-

tween two of the P-values.

Alternative P-value
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2. I performed Fisher’s Test for a balanced CRD.

You are given the following facts: p̂1 = 0.35
and p̂2 = 0.40.

I used our website and obtained the P-values

for the three alternatives; they are 0.3122 and

0.7928. As you have no doubt noticed, I have

given you only two of the three P-values. Here

is your task:

Determine the third P-value and

match each P-value with its alterna-

tive in the table below.

Hint: Balance implies that the sampling distri-

bution of the test statistic is symmetric. Think

about how symmetry affects the relationship be-

tween two of the P-values.

Alternative P-value
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3. I performed Fisher’s Test for an unbalanced

CRD. You are given the following facts: p̂1 =
0.55 and p̂2 = 0.60.

I used our website and obtained the P-values

for the three alternatives; they are 0.3426 and

0.6031. As you have no doubt noticed, I have

given you only two of the three P-values. Here

is your task:

Match each P-value to its alternative.

Note that I am not asking you to determine the

third P-value; thus, one of your answers below

should be ‘unknown.’

Hint: In contrast with the previous question,

without balance we can not assume symmetry.

Think about a restriction on the sum of two par-

ticular P-values—I won’t tell you which two.

Alternative P-value
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4. I performed Fisher’s Test for an unbalanced

CRD. You are given the following facts: p̂1 =
0.65 and p̂2 = 0.60.

I used our website and obtained the P-values

for the three alternatives; they are 0.3480 and

0.5805. As you have no doubt noticed, I have

given you only two of the three P-values. Here

is your task:

Match each P-value to its alternative.

Note that I am not asking you to determine the

third P-value; thus, one of your answers below

should be ‘unknown.’

Hint: In contrast with the previous question,

without balance we can not assume symmetry.

Think about a restriction on the sum of two par-

ticular P-values—I won’t tell you which two.

Alternative P-value
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5. I performed a power analysis to compare the

test statistics U and R1. In order to make your

computations a bit easier, my simulation experi-

ment consisted of only 2,000 runs instead of the

usual 10,000 runs. I won’t tell you explicitly

which alternative I used to create the table be-

low, but remember that I assumed an alternative

to be true; i.e., for my simulation experiment

the Skeptic was incorrect and the alternative hy-

pothesis was correct.

My results are summarized in the table below.

R1

Fail to Reject

U Reject H0 H0 Total

Fail to

reject H0 1,094 60 1,154

Reject

H0 186 660 846

Total 1,280 720 2,000

(a) For some number of assignments, the test

statistic R1 made the correct decision and

the test statistic U made the incorrect de-

cision. How many such assignments were

there?

(b) For some number of assignments, both

test statistics made the correct decision.

How many such assignments were there?

(c) Let rU denote the exact power for the al-

ternative of interest to me and the test

statistic U . Let rR denote the exact power

for the alternative of interest to me and the

test statistic R1.

What is the single number approximation

of rU?

(d) Refer to part (c) above.

Calculate the nearly certain interval for

rU − rR.

6. I performed a power analysis to compare the

test statistics U and R1. In order to make your

computations a bit easier, my simulation experi-

ment consisted of only 3,000 runs instead of the

usual 10,000 runs. I won’t tell you explicitly

which alternative I used to create the table be-

low, but remember that I assumed an alternative

to be true; i.e., for my simulation experiment

the Skeptic was incorrect and the alternative hy-

pothesis was correct.

My results are summarized in the table below.

R1

Fail to Reject

U Reject H0 H0 Total

Fail to

reject H0 1,170 210 1,380

Reject

H0 75 1,545 1,620

Total 1,245 1,755 3,000

(a) For some number of assignments, the test

statistic U made the correct decision and

the test statistic R1 made the incorrect de-

cision. How many such assignments were

there?

(b) For some number of assignments, both

test statistics made the correct decision.

How many such assignments were there?

(c) Let rU denote the exact power for the al-

ternative of interest to me and the test

statistic U . Let rR denote the exact power

for the alternative of interest to me and the

test statistic R1.

What is the single number approximation

of rR?

(d) Refer to part (c) above.

Calculate the nearly certain interval for

rR − rU .
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7. The table below presents the joint probability

distribution for two random variables: X1—

with possible values 1, 2 and 3—andX2. When

you answer the questions below, please show

your work.

X2

X1 1 2 3 4 Total

1 0.03 0.05 0.04 0.08 0.20

2 0.03 0.07 0.09 0.11 0.30

3 0.04 0.08 0.17 0.21 0.50

Total 0.10 0.20 0.30 0.40 1.00

(a) Calculate P (X1 +X2 = 5).

(b) Let A denote the event: X1 is an even

number. Let B denote the event: X2 is

larger than 2.

Calculate P (AB).

(c) Refer to part (b). Calculate P (A or B).

8. The table below presents the joint probability

distribution for two random variables: X1—

with possible values 1, 2 and 3—andX2. When

you answer the questions below, please show

your work.

X2

X1 1 2 3 4 Total

1 0.03 0.05 0.04 0.08 0.20

2 0.03 0.07 0.09 0.11 0.30

3 0.04 0.08 0.17 0.21 0.50

Total 0.10 0.20 0.30 0.40 1.00

(a) Calculate P (X1 +X2 = 4).

(b) Let A denote the event: X2 is an even

number. Let B denote the event: X1 is

smaller than 2.

Calculate P (AB).

(c) Refer to part (b). Calculate P (A or B).

9. Steve selects a random sample of n = 100
households in his city. For each household he

determines the number of cats living there. He

obtains the following data:

Number of Cats: 0 1 2 3

Number of Households: 15 25 40 20

Hint: The mean of these 100 numbers is 1.65

and their standard deviation is 0.968,

(a) Calculate the approximate 95% confi-

dence interval for the proportion of house-

holds that have 2 or more cats.

(b) Danny plans to select a random sample of

size n = 150 households from the same

city. Use Steve’s data to find the 80%

prediction interval for Y , where Y is the

number of households Danny obtains that

have one or fewer cats.

10. Refer to the previous problem, including its

data.

(a) Calculate the approximate 90% confi-

dence interval for the proportion of house-

holds that have and odd number of cats.

(b) Danny plans to select a random sample of

size n = 250 households from the same

city. Use Steve’s data to find the 98%

prediction interval for Y , where Y is the

number of households Danny obtains that

have an even number of cats.
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11. Kalinda has a box that contains 5 cards, num-

bered 1, 2, 2, 3 and 3. She plans to select one

card at random from this box. Let X1 denote

the number on the card she selects.

After selecting her card, Kalinda sets it aside

and then places a new card in the box. The new

card has the number X1 − 1 on it. For example,

if the first card selected is a 3 [1], the new card

that goes into the box is marked 2 [0]. Kalinda

next selects a card at random from the new box

with five cards; letX2 denote the number on the

card she selects.

Determine the joint probability distribution of

X1 and X2 and put it in the table below. Note

that some of the entries in the table might be

zero. Remember to enter the values for the row

and column totals.

X2

X1 0 1 2 3 Total

0

1

2

3

Total

12. This question is just like the previous one with

the following changes. The original contains

four cards, numbered 0, 1, 2 and 2. The first

card selected is returned to the box along with

another card, which hasX1+1 on it. Determine

the joint probability distribution of X1 and X2

and put it in the table below. Note that some of

the entries in the table might be zero. Remem-

ber to enter the values for the row and column

totals.

X2

X1 0 1 2 3 Total

0

1

2

3

Total
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13. Bert performed n = 20 dichotomous trials and

obtained the data presented below.

1 1 1 0 1 0 0 1 0 1 0 1 0 1 1 1 1 1 0 1

This presentation follows the style used in the

Course Notes; for example, the first three trials

all yielded successes; the fourth trial yielded a

failure; and so on. My use of bold-face type for

failures has no meaning beyond trying to make

it easier for you to do this problem.

(a) For the data above, calculate the values

of x (the total number of successes), r

(the number of runs), v (the length of the

longest run of successes) andw (the length

of the longest run of failures).

(b) Assume that Bert’s trials are indeed

Bernoulli trials with the value of p un-

known. Next, condition on your observed

values x and n− x.

Calculate the mean and standard deviation

of the sampling distribution of the random

variable R, the number of runs.

(c) Go back in time to before Bert collected

his data. Nature tells you that Bert has

Bernoulli trials and, of course, Nature

knows the numerical value of p. (For the

purpose of this question, let’s pretend you

believe Nature when he/she talks to you.)

Write down the expression for the proba-

bility that Bert would obtain exactly the

sequence given above. Use p, q = 1 − p,

factorials; whatever is appropriate. Nature

does not tell you the value of p; thus, you

don’t need to evaluate (compute the value

of) your expression.

14. Bert performed n = 20 dichotomous trials and

obtained the data presented below.

1 1 0 1 0 0 0 0 1 1 0 1 1 0 1 0 0 1 0 0

This presentation follows the style used in the

Course Notes; for example, the first two trials

both yielded successes; the third trial yielded a

failure; and so on. My use of bold-face type for

failures has no meaning beyond trying to make

it easier for you to do this problem.

(a) For the data above, calculate the values

of x (the total number of successes), r

(the number of runs), v (the length of the

longest run of successes) andw (the length

of the longest run of failures).

(b) Assume that Bert’s trials are indeed

Bernoulli trials with the value of p un-

known. Next, condition on your observed

values x and n− x.

Calculate the mean and standard deviation

of the sampling distribution of the random

variable R, the number of runs.

(c) Go back in time to before Bert collected

his data. Nature tells you that Bert has

Bernoulli trials and, of course, Nature

knows the numerical value of p. (For the

purpose of this question, let’s pretend you

believe Nature when he/she talks to you.)

Write down the expression for the proba-

bility that Bert would obtain exactly the

sequence given above. Use p, q = 1 − p,

factorials; whatever is appropriate. Nature

does not tell you the value of p; thus, you

don’t need to evaluate (compute the value

of) your expression.
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15. Leroy observes n Bernoulli trials and counts a

total of x successes. He computes three ap-

proximate confidence intervals for p: with con-

fidence levels 90%, 95% and 98%. His intervals

are below.

[0.383, 0.477]; [0.379, 0.491]; [0.364, 0.496].

(a) Exactly one of these intervals has an error

in its calculation; which one is it?

(b) What is wrong with the interval in (a)?

(Be precise, but brief.)

16. Ellie observes n Bernoulli trials and counts a to-

tal of x successes. She computes three approxi-

mate confidence intervals for p: with confidence

levels 90%, 95% and 98%. Her intervals are be-

low.

[0.381, 0.519]; [0.368, 0.532]; [0.357, 0.553].

(a) Exactly one of these intervals has an error

in its calculation; which one is it?

(b) What is wrong with the interval in (a)?

(Be precise, but brief.)

17. The table below presents all exact two-sided

80% confidence intervals for p when n = 7.
Use this table to answer the questions below.

In this table, x is the observed number of suc-

cesses in the sample of size n = 7; and l [u] is

the lower [upper] bound of the exact confidence

interval.

x l u x l u

0 0.000 0.280 4 0.279 0.830

1 0.015 0.453 5 0.404 0.921

2 0.079 0.596 6 0.547 0.985

3 0.170 0.721 7 0.720 1.000

(a) Alice observes x = 5 successes in n = 7
Bernoulli trials. Find her exact two-sided

80% confidence interval estimate of p.

(b) Bill plans to observe n = 7 Bernoulli tri-

als. He will calculate the exact two-sided

80% confidence interval estimate of p.

Bill’s value of x will be one of the inte-

gers: 0, 1, 2, . . . , 7. Given that p = 0.300,
for which values of x will Bill’s confi-

dence interval be correct?

(c) Refer to (b). Given that p = 0.520, for
which values of x will Bill’s confidence

interval be too large?

(d) Refer to (b). Given that p = 0.620, for
which values of x will Bill’s confidence

interval be too small?

18. The table below presents all exact two-sided

70% confidence intervals for p when n = 7.
Use this table to answer the questions below.

In this table, x is the observed number of suc-

cesses in the sample of size n = 7; and l [u] is

the lower [upper] bound of the exact confidence

interval.

x l u x l u

0 0.000 0.237 4 0.318 0.799

1 0.023 0.407 5 0.448 0.900

2 0.100 0.552 6 0.593 0.977

3 0.201 0.682 7 0.763 1.000

(a) Alice observes x = 3 successes in n = 7
Bernoulli trials. Find her exact two-sided

70% confidence interval estimate of p.

(b) Bill plans to observe n = 7 Bernoulli tri-

als. He will calculate the exact two-sided

70% confidence interval estimate of p.

Bill’s value of x will be one of the inte-

gers: 0, 1, 2, . . . , 7.

Given that p = 0.600, for which values

of x will Bill’s confidence interval be cor-

rect?

(c) Refer to (b). Given that p = 0.180, for
which values of x will Bill’s confidence

interval be too large?

(d) Refer to (b). Given that p = 0.700, for
which values of x will Bill’s confidence

interval be too small?
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19. Abby observes n Bernoulli trials and counts a

total of x successes. She computes two approxi-

mate confidence intervals for p: with confidence

levels 90% and 95%. She also computes two ex-

act confidence intervals for p: with confidence

levels 89% and 94%. Her intervals are below.

B = [0.223, 0.387];C = [0.218, 0.382]

D = [0.233, 0.374]; and E = [0.231, 0.369].

Correctly match each interval to its type in the

table below.

Answer:

Type Interval (B–E)

89%, Exact

90%, Approx.

94%, Exact

95%, Approx.

20. Meredith observes n Bernoulli trials and counts

a total of x successes. She computes two ap-

proximate confidence intervals for p: with con-

fidence levels 90% and 95%. She also computes

two exact confidence intervals for p: with con-

fidence levels 89% and 94%. Her intervals are

below.

B = [0.276, 0.424];C = [0.289, 0.415];

D = [0.279, 0.426]; and E = [0.288, 0.412].

Correctly match each interval to its type in the

table below.

Type Interval (B–E)

89%, Exact

90%, Approx.

94%, Exact

95%, Approx.

21. Jane observes a Poisson Process for 12 hours

and counts a total of 900 successes.

Let λ denote the rate per hour for the Poisson

Process.

(a) Use Jane’s data to obtain the approximate

90% confidence interval estimate of λ.

(b) Next Monday Maura plans to observe

Jane’s process for six hours.

Use Jane’s data to calculate the 95% pre-

diction interval for the number of suc-

cesses that Maura will obtain.

22. Laura observes a Poisson Process for 16 hours

and counts a total of 1024 successes.

Let λ denote the rate per hour for the Poisson

Process.

(a) Use Laura’s data to obtain the approxi-

mate 95% confidence interval estimate of

λ.

(b) Next Wednesday Billy plans to observe

Laura’s process for 12 hours.

Use Laura’s data to calculate the 95% pre-

diction interval for the number of suc-

cesses that Billy will obtain.

23. Vince observes a Poisson Process for four min-

utes and counts two successes. With the help

of a website, Vince finds that the exact upper

70% confidence bound for the rate per minute

is 0.9039.

Sean observes 600 Bernoulli trials and counts a

total of two successes. Use Vince’s result to find

the approximate upper 70% confidence bound

for Sean’s p.

24. Casey observes a Poisson Process for five min-

utes and counts three successes. With the help

of a website, Casey finds that the exact upper

85% confidence bound for the rate per minute

is 1.2027.

Angela observes 900 Bernoulli trials and counts

a total of three successes. Use Casey’s result

to find the approximate upper 85% confidence

bound for Angela’s p.
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