
Practice Midterm Exam; Summer 2015; Chapters 1–11
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1. The figure above is a density scale histogram of

n = 10,000 measurements. You may use the

following facts about this data set:

• The three numbers printed above rectan-

gles are the heights of the rectangles be-

low them.

• The density scale histogram is (perfectly)

symmetric; as it appears to be.

• The mean of the data set is exactly 20.0.

(a) Which (one or more) of the following

could be true about the median of these

data?

i. The median is smaller than 19.0.

ii. The median is equal to 20.0.

iii. The median is larger than 20.5.

(b) Determine the number of observations in

the interval with endpoints 21 and 23. If

it is impossible to do so, say so, but you

don’t need to explain.

(c) Determine the relative frequency of obser-

vations in the intervals that are between 21

and 25, using our endpoint convention. If

it is impossible to do so, say so, but you

don’t need to explain.

(d) Let s be the standard deviation of the orig-
inal data set. Given that s equals one of

the numbers:

1.0, 3.0, 5.0, 7.0, 9.0 and 11.0,

which one is it? (No explanation is

needed.)

2. Ralph performs a balanced CRD and obtains the

data given below.

Subject: 1 2 3 4 5 6

Treatment: 2 1 2 2 1 1

Response: 20 11 25 13 21 29

On the assumption that the Skeptic is cor-

rect, complete the table for the clone-enhanced

study.

Sbjt: 1 2 3 4 5 6

Tr. 1:

Tr. 2:

3. Refer to Ralph’s data given in problem 2 above.

Now assume that the Skeptic is incorrect. As-

sume instead that there is a constant treatment

effect of +4. Complete the table for the clone-

enhanced study.

1



Sbjt: 1 2 3 4 5 6

Tr. 1:

Tr. 2:

4. Refer to Ralph’s data given in problem 2 above.

The current problem introduces you to a new

idea; thus, be careful!

In Ralph’s study, subjects 1, 3 and 5 are males,

while subjects 2, 4 and 6 are females. Assume

that for the male subjects, there is a constant

treatment effect of +6, but for the female sub-

jects there is a constant treatment effect of −3.
(In medicine sometimes treatments affect men

and women differently.)

With these new assumptions, complete the table

for the clone-enhanced study.

Sbjt: 1 2 3 4 5 6

Tr. 1:

Tr. 2:

5. Sally performs an unbalanced CRD with n =
30 and n1 = 10. Sally wants to know the sam-

pling distribution of the test statistic U , but de-

cides that finding the exact sampling distribu-

tion is impractical because there are too many

possible assignments. (The number of possi-

ble assignments exceeds 30 million.) Instead,

she performs a computer simulation with m =
1,000 reps. Her simulation yields 14 distinct

observed values of U that are presented, along

with their frequencies of occurrence, in the ta-

ble below.

u Freq. u Freq. u Freq.

−0.95 3 −0.20 163 0.55 55
−0.80 7 −0.05 195 0.70 23
−0.65 18 0.10 170 0.85 7
−0.50 65 0.25 121 1.05 2
−0.35 98 0.40 73 Total 1,000

The various questions below refer to the table

above, but do not refer to each other. Thus, for

example, your answer to part (a) is not used in

part (b).

(a) Suppose that u = 0.25 and the alternative

is >. Find the approximate P-value.

(b) Suppose that u = −0.50 and the alterna-

tive is <. Find the approximate P-value.

(c) Suppose that u = 0.55 and the alternative

is 6=. Find the approximate P-value.

(d) For any one of the approximate P-values

you obtained in (a), (b) or (c), calculate its

nearly certain interval.

6. An unbalanced CRD yields the following data,

with numerical codes in parentheses.

Response (Code)

Tr. Low (1) Med. (2) High (3) Total

1 3 3 6 12

2 7 9 7 23

Total 10 12 13 35

(a) Calculate the values of r1 and r2. In or-

der to receive credit, you must show your

work.

(b) Given that the data are analyzed by ranks,

which treatment gives larger responses?

In order to receive credit, you must ex-

plain your answer.

(c) I am interested in the sampling distribu-

tion of the test statistic R1 for the sum of

ranks test. In order to receive credit for

your answer below, you must show your

work.

Calculate the standard deviation of the

sampling distribution.
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7. An unbalanced CRD is performed with a total

of eight trials. The data are given below.

Trial: 1 2 3 4 5 6 7 8

Treat.: 1 2 2 2 1 2 1 2

Resp.: 8 3 3 10 9 3 10 4

(a) Calculate the values of x̄, ȳ and u for these

data.

(b) Calculate the values of r1 and r2 for these
data.

(c) Calculate the value of the variance for the

sampling distribution of R1 for these data.

(d) On the assumption that the Skeptic is cor-

rect, calculate the value of u for the as-

signment 1,2,4.

8. Refer to the data in the previous problem. Let

u∗ denote the value of u that you obtained in

part (a).

On the assumption that the Skeptic is correct,

list all assignments that would give a value of

u that equals or exceeds u∗. You don’t need to

calculate the values of u for these assignments.

9. I performed a balanced CRD and obtained the

number u for the observed value of the test

statistic U . You are given the following two

probabilities.

• P (U < u) = 0.1436.

• P (U = u) = 0.0472.

Obtain the P-value for each of the alternatives

given below.

(a) >.

(b) <.

(c) 6=.

10. Bert has six subjects available for his study, la-

beled as follows: (1) Al; (2) Beth; (3) Cy; (4)

Di; (5) Eve; and (6) Flo. Note that Al and Cy

are men; and all other subjects are women.

Bert plans to perform a unbalanced CRD on six

subjects, with n1 = 2 and n2 = 4. Thus, there

are 15 possible assignments, one of which is de-

noted by 1,2. Recall that ‘1,2’ means that Al

and Beth are placed on treatment 1 and the other

four subjects are placed on treatment 2.

(a) List all assignments that put the two men

on treatment 2.

(b) List all assignments that put Beth, Di and

Flo on the same treatment.

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

You are given the following facts: p̂1 = 0.35
and p̂2 = 0.30.

I used our website and obtained the P-values

for the three alternatives; they are 0.2454 and

0.8326. 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 symmretic. Think

about how symmetry affects the relationship be-

tween two of the P-values.

Also: If you find more than one correct way

to complete the table below, list all of your an-

swers.

Alternative P-value

>

<

6=
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12. I performed Fisher’s Test for an unbalanced

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

I used our website and obtained the P-values

for the three alternatives; they are 0.2931 and

0.5242. 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 cannot assume symmetry.

Also: If you find more than one correct way

to complete the table below, list all of your an-

swers.

Alternative P-value

>

<

6=

13. This problem involves using the ideas of Chap-

ter 10 to obtain the exact sampling distribution

for a sum of ranks test.

A box contains six cards: three cards marked

‘3;’ two cards marked ‘5.5;’ and one card mark

‘1.’ I plan to select two cards at random with-

out replacement (the smart way of sampling).

As usual, let X1 [X2] denote the number on the

first [second] card selected.

(a) Complete the table below with the correct

probabilities. Remember to complete the

row and column totals. You may present

your answers as fractions or decimals; if

you use fractions, there is no need to re-

duce them; e.g., 6/22 is as good 3/11.

X2

X1 1 3 5.5 Total

1

3

5.5

Total

(b) Use your probabilities in (a) to obtain

P (X1 +X2 = 8.5).

(c) Use your probabilities in (a) to obtain

P (X1 = X2).

14. I collected data from an unbalanced CRD with

n1 = 2 and n2 = 7. Next, I obtained the ex-

act joint sampling distribution of the test statis-

tics U and R1. (It wasn’t that difficult; there

are only 36 possible assignments for this CRD.)

Below is a summary of the joint sampling dis-

tribution.

(R1 < 13) (R1 ≥ 13)

(U < 13) 24/36 4/36

(U ≥ 13) 3/36 5/36

For the test that compares means, I choose the

critical region (U ≥ 13). For the sum of ranks

test, I choose the critical region (R1 ≥ 13).

Use these critical regions and the table above to

answer the following questions.

(a) Based on my choices of critical regions,

can you tell what my alternative is?

(Please write your answer as: >, <, 6= or

Can’t tell. No explanation is needed.)

(b) What is the probability of a Type 1 error

for the test that compares means?
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(c) What is the probability of a Type 1 error

for the sum of ranks test?

(d) What is the probability that the two tests

reach the same conclusion?

15. I performed a power analysis to compare the test

statistics U and R1. In order to make your com-

putations a bit easier, my simulation experiment

consisted of only 2,500 reps instead of the usual

10,000 reps. I won’t tell you explicitly which al-

ternative I used to create the table below, but re-

member that I assumed an alternative to be true;

i.e., for my simulation experiment the Skeptic

was incorrect and the alternative hypothesis was

correct.

My results are summarized in the table below.

R1

Fail to Reject

U Reject H0 H0 Total

Fail to

reject H0 1,500 100 1,600

Reject

H0 200 700 900

Total 1,700 800 2,500

(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.

Calculate the nearly certain interval for

rU .

(d) Refer to part (c) above.

Calculate the nearly certain interval for

rU − rR.

16. If we are willing to assume that we have

Bernoulli trials, in Chapter 11 you learned how

to compute probabilities for the number of runs

(R), and the length of the longest run of suc-

cesses (V ) conditional on the value of X, the

total number of successes.

It also is possible to compute probabilities with-

out conditioning, provided we know the value

of p. This problem will explore this topic

briefly.

Suppose that we plan to observe n = 6
Bernoulli trials. We know the value of p, but
to save you computational energy, I won’t tell

you what it is. I want to compute P (V = 4).
Because this is a new topic for you, I will break

this operation down into steps.

(a) List all sequences that will yield (V = 4).
Hint: I will get you started. The sequence

111010 is no good because it gives V = 3.
One example of a sequence that gives V =
4 is 111100. List the four other sequences

that give (V = 4).

(b) Write down the expression for P (V = 4).

Hint: Write your answers with p’s and q’s
in it; because I am not telling you the value

of p, you don’t need to (actually, aren’t

able to) evaluate your answer. Also, re-

member to use all five sequences, includ-

ing the one I gave you as a gift.

17. Ralph plans a CRD with n1 = 2 and n2 = 5.
He uses the randomizer website and obtains as-

signment ‘2,5.’ He performs the CRD and ob-

tains the data given below.

Subj: 1 2 3 4 5 6 7

Treat: 2 1 2 2 1 2 2

Resp: 0 6 10 4 10 8 12

(a) Calculate the values of x̄, ȳ and u. (Make

sure to label your answers.)

(b) On the assumption that the Skeptic is cor-

rect, calculate the values of x̄ and ȳ that

would be obtained with assignment ‘1,6.’
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(c) On the assumption that the Skeptic is cor-

rect, what is the largest possible observed

value of U? Also, list all assignments (one

or more) that yield this largest value.

(d) Assume that there is a constant treatment

effect, but I won’t tell you its size. Given

that assignment ‘3,7’ yields x̄ = 14, find
the value of ȳ for this assignment.

18. Sally plans a CRD with n1 = 3 and n2 = 4.
She uses the randomizer website and obtains as-

signment ‘1,4,6.’ She performs the CRD and

obtains the data given below.

Subj: 1 2 3 4 5 6 7

Treat: 1 2 2 1 2 1 2

Resp: 9 10 15 18 10 15 15

(a) Assign ranks to the responses.

(b) Calculate the values of r1 and r2.

(c) Based on ranks, which treatment gives

larger responses, 1 or 2? Briefly justify

your answer.

(d) Assume that there is a constant treatment

effect of +2. Use the actual data above

and this new assumption to complete the

following table with the responses that

would have been obtained with assign-

ment ‘2,3,6.’

Subj. Treat. Resp.

1 2

2 1

3 1

4 2

5 2

6 1

7 2

19. Below is a sampling distribution.

Value: 2 3 5 7 9

Prob. 0.1 0.2 0.4 0.1 0.2

Using the number-line below, carefully draw

the probability histogram for this sampling dis-

tribution. Remember to specify the height of

each rectangle.

1 2 3 4 5 6 7 8 9 10
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20. Below is a sampling distribution.

Value: 2 5 7 9

Prob. 0.3 0.4 0.1 0.2

Using the number-line below, carefully draw

the probability histogram for this sampling dis-

tribution. Remember to specify the height of

each rectangle.

1 2 3 4 5 6 7 8 9 10

21. Tommy performs an unbalanced CRDwith n =
30 and n1 = 20. Tommy wants to know the

sampling distribution of the test statistic U , but

decides that finding the exact sampling distribu-

tion is impractical because there are too many

possible assignments. Instead, he performs a

computer simulation with m = 5,000 reps. His

simulation yields 10 distinct observed values of

U that are presented, along with their frequen-

cies of occurrence, in the table below.

u Freq. u Freq. u Freq.

−1.4 2 −0.2 1326 0.7 315
−1.1 29 0.1 1472 1.0 53
−0.8 194 0.4 926 1.3 3
−0.5 680 Total 5,000

The various questions below refer to the table

above, but do not refer to each other. Thus, for

example, your answer to part (a) is not used in

part (b).

(a) Suppose that u = 0.7 and the alternative

is >. Find the approximate P-value.

(b) Suppose that u = −0.5 and the alternative
is <. Find the approximate P-value.

(c) Suppose that u = −0.8 and the alternative
is 6=. Find the approximate P-value.

(d) I am interested in P (−0.2 < U ≤ 0.7).
Use the simulation results to approximate

this probability.

(e) For any one of the approximate P-values

you obtained in (a), (b) or (c), calculate its

nearly certain interval.

22. An unbalanced CRD yields the following data,

with numerical codes in parentheses.

Response (Code)

Tr. Low (1) Med. (2) High (3) Total

1 3 3 5 11

2 6 5 2 13

Total 9 8 7 24

(a) Calculate the values of r1. In order to re-

ceive credit, you must show your work.

(b) I am interested in the sampling distribu-

tion of the test statistic R1 for the sum of

ranks test. In order to receive credit for

your answer below, you must show your

work.

Calculate the mean and the standard de-

viation of the sampling distribution.

23. Bert wants to perform a balanced CRD on six

subjects, their names with code in parentheses

are below:

Bernadette (1), Howard (2),

Raj (3), Leonard (4),

Penny (5) and Sheldon (6).

Subjects 1 and 5 are females and the others are

males.

Stuart, a critic, says that an assignment looks

random if, and only if, each treatment receives

exactly one female.
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Kripke, another critic, says that an assignment

looks random if, and only if, it satisfies both

of the conditions below.

• Leonard and Penny are assigned to differ-

ent treatments.

• Bernadette and Howard are assigned to

different treatments.

(a) List all assignments that don’t look ran-

dom to Stuart.

(b) List all assignments that look random to

Kripke.

(c) List all assignments that look random to

both Stuart and Kripke.

24. I have 20 nonnegative integer responses, whose

sorted values are denoted by

w(1), w(2), w(3), . . . , w(20).

The standard deviation of these numbers is posi-

tive; and the mean and median of these numbers

both equal 10.

• Delete observation w(20) from this data set

and call the resulting data set B.

For data set B, mark each of the following

statements F if it must be false; T if it must

be true; orM if it might be true or it might

be false.

(a) The mean is smaller than 10.

(b) The mean equals 10.

(c) The median is smaller than 10.

(d) The median equals 10.

• Now delete both observations w(1) and

w(20) from the original data set of 20 ob-

servations and call this new data set C.

For data set C, mark each of the following

statements F if it must be false; T if it must

be true; orM if it might be true or it might

be false.

(a) The mean is smaller than 10.

(b) The mean equals 10.

(c) The median is smaller than 10.

(d) The median equals 10.

25. Seeley observed n = 45 dichotomous trials and

obtained the data presented below.

11101 00101 01011 11101 01100

10111 00100 11110 00111

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 Seeley’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 the standard de-

viation of the sampling distribution for R,

the number of runs.

(c) Below is a facsimile of the website we use

for obtaining areas under a Normal curve.

In this part, I want you to tell me which

three numbers you need to place in the

four positions A, B, C and D in order to

obtain the Normal curve approximation—

with continuity correction—to the P-value

for the runs test for the alternative >.

Hint: Obviously, one position is not used.

Specify Parameters:

Mean A

SD B

Above C

Below D

(d) Repeat (c) for the alternative <.

(e) Let P1 [P2] denote the approximate P-

value you obtain from part (c) [(d)]. Let
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P3 denote the approximate P-value for

the alternative 6=, as above, obtained with

the Normal curve approximation with the

continuity correction.

Write P3 in terms of P1 and/or P2, as ex-

plicitly as possible.

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

You are given the following facts: p̂1 = 0.30
and p̂2 = 0.40.

I used our website and obtained the P-values for

the three alternatives; one of them is 0.1055; an-

other one is either 0.8822 or 0.9411; and I am

not going to tell you the third one.

Here is your task:

Determine the second and third P-

values and match each P-value with

its alternative 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.

Also: If you find more than one correct way

to complete the table below, list all of your an-

swers.

Alternative P-value

>

<

6=

27. The table below presents the joint sampling dis-

tribution for two random variables, X1 and X2.

Use this table to answer the questions below.

X2

X1 1 2 3 Total

2 0.03 0.06 0.11 0.20

3 0.05 0.09 0.16 0.30

4 0.12 0.15 0.23 0.50

Total 0.20 0.30 0.50 1.00

(a) Calculate P (X1 = X2).

(b) Calculate P (X1 ×X2 > 5).

28. I performed a power analysis to compare the test

statistics U and R1. In order to make your com-

putations a bit easier, my simulation experiment

consisted of only 2,000 reps instead of the usual

10,000 reps. I won’t tell you explicitly which al-

ternative I used to create the table below, but re-

member that I assumed an alternative to be true;

i.e., for my simulation experiment the Skeptic

was incorrect and the alternative hypothesis was

correct.

My results are summarized in the table below.

R1

Fail to Reject

U Reject H0 H0 Total

Fail to

reject H0 1050 50 1100

Reject

H0 250 650 900

Total 1300 700 2000

(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.

Calculate the nearly certain interval for

rU .

(d) Refer to part (c) above.

Calculate the nearly certain interval for

rU − rR.
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