
Solutions to Practice Midterm Exam; Summer 2015; Chaps. 1–11

1. (a) Both ii and iii could be true.

The key is to realize that the numbers in

the two center positions are in the interval

[19.0,21.0). Thus, the median cannot be

smaller than 19.0, but either of the other

values is possible.

(b) 1,464.

The area of the rectangle is 2(0.0732) =
0.1464. This is the relative frequency

of the interval. Thus, the frequency is

10,000(0.1464) = 1,464.

(c) 0.2620.

From (b), the r.f. of the interval

[21.0, 23.0) is 0.1464. The height of the

rectangle above [23.0, 25.0) is, by sym-

metry of the histogram, 0.0578. Thus, the

r.f. of this interval is 2(0.0578) = 0.1156.
Thus, the r.f. of interest is:

0.1464 + 0.1156 = 0.2620.

(d) 5.0.

According to the empirical rule, approxi-

mately 68% of the data will lie in the in-

terval

w̄ ± s = 20.0 ± s.

Because the histogram is bell-shaped and

n is so large, we anticipate that the ap-

proximation will be good.

First, note that 3.0 is too small for s be-

cause the interval [17.0, 23.0) clearly con-
tains much less than 68% of the data.

Similarly, 7.0 is too large for s because the
interval [13.0, 27.0) clearly contains much

more than 68% of the data.

Thus, by the process of elimination, s =
5.0.

For problems 2–4, the first step in finding the

table for the clone-enhanced study is to enter

the actual data:

Sbjt: 1 2 3 4 5 6

Tr. 1: 11 21 29

Tr. 2: 20 25 13

2. For this problem, for each subject the response

on treatment 1 minus the response on treat-

ment 2 must equal zero:

Sbjt: 1 2 3 4 5 6

Tr. 1: 20 11 25 13 21 29

Tr. 2: 20 11 25 13 21 29

3. For this problem, for each subject the response

on treatment 1 minus the response on treat-

ment 2 must equal +4:

Sbjt: 1 2 3 4 5 6

Tr. 1: 24 11 29 17 21 29

Tr. 2: 20 7 25 13 17 25

4. For this problem, for each subject the re-

sponse on treatment 1 minus the response on

treatment 2 must equal +6 [−4] for the men

[women]:

Sbjt: 1 2 3 4 5 6

Tr. 1: 26 11 31 10 21 29

Tr. 2: 20 14 25 13 15 32
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5. (a) We begin by computing the frequency of

(U ≥ 0.25):

121 + 73 + 55 + 23 + 7 + 2 = 281.

Thus, the r.f., 281/1000 = 0.281, is the
approximate P-value.

(b) We compute the frequency of (U ≤
−0.50):

65 + 18 + 7 + 3 = 93.

Thus, the r.f., 93/1000 = 0.093, is the ap-
proximate P-value.

(c) We compute the frequency of (U ≥ 0.55):

55 + 23 + 7 + 2 = 87,

and add to it the frequency of (U ≤
−0.55):

18 + 7 + 3 = 28,

obtaining 87 + 28 = 115. Thus, the r.f.,

93/1000 = 0.115, is the approximate P-

value.

(d) For (a), we get

0.281±3

√

0.281(0.719)

1000
= 0.281±0.043.

In a similar way, the answer for (b) is

0.093 ± 0.028 and the answer for (c) is

0.115 ± 0.030.

6. The 35 sorted responses consists of 1 in posi-

tions 1–10; 2 in positions 11–22; and 3 in posi-

tions 23–35. Thus, the ranks are

(1 + 10)/2 = 5.5; (11 + 22)/2 = 16.5; and

(23 + 35)/2 = 29.

(a) Using the ranks derived above,

r1 = 3(5.5)+3(16.5)+6(29) = 240 and

r2 = 7(5.5) + 9(16.5) + 7(29) = 390.

(b) In order to compare treatments, we need

to compute mean ranks:

r̄1 = 240/12 = 20.0 and

r̄2 = 390/23 = 16.96.

Thus, based on ranks, treatment 1 gives

larger responses than treatment 2.

(c) First, note that the values of ti are 10, 12

and 13. Thus,

∑

(t3i − ti) = (103 − 10) + (123 − 12)+

(133 − 13) = 4890.

The first piece of the variance is:

12(23)(36)

12
= 828,

and the second piece is:

12(23)(4890)

12(35)(34)
= 94.51.

Thus, the variance is:

828− 94.51 = 733.49,

and the standard deviation is:

√
733.49 = 27.08.

7. (a) We obtain

x̄ = (8 + 9 + 10)/3 = 9 and

ȳ = (3 + 3 + 10 + 3 + 4)/5 = 4.6,

yielding, u = 9− 4.6 = 4.4.

(b) We need to sort the combined data:

Resp.: 3 3 3 4 8 9 10 10

Pos.: 1 2 3 4 5 6 7 8

Rank: 2 2 2 4 5 6 7.5 7.5

Treat.: 2 2 2 2 1 1 1 2

Thus,

r1 = 5 + 6 + 7.5 = 18.5 and

r2 = 2 + 2 + 2 + 4 + 7.5 = 17.5.
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(c) The values of ti larger than 1 are: 2, 3.

Thus,

∑

(t3i − ti) = (8− 2) + (27 − 3) = 30.

Thus, the variance is

3(5)(9)

12
−3(5)(30)

12(8)(7)
= 11.25−0.67 = 10.58.

(d) We obtain

x̄ = (8 + 3 + 10)/3 = 7 and

ȳ = (3 + 9 + 3 + 10 + 4)/5 = 5.8,

yielding, u = 7− 5.8 = 1.2.

8. In the actual data, the actual sum of the x’s is
27 yielding an actual u∗ = 4.4. It is easy to see

that in order to obtain a value of u that equals or

exceeds 4.4, we need an assignment for which

the sum of the x’s is 27 or larger. Thus, the

responses on treatment 1 need to be:

8, 9, 10; 8, 10, 10; or 9, 10, 10.

These are obtained with assignments:

1, 5, 7; 1, 4, 5; 1, 4, 7; or 4, 5, 7.

9. (a) The P-value is

P (U ≥ u) = 1− P (U < u) =

1− 0.1436 = 0.8564.

(b) The P-value is

P (U ≤ u) = 0.1436 + 0.0472 = 0.1908.

(c) A balanced study implies that the sam-

pling distribution of U is symmetric

around 0. Thus, the P-value is obtained by

doubling the smaller of the previous two

answers:

2(0.1908) = 0.3816.

(Note: If this value was larger than 1, then

the P-value would be 1.)

10. (a) We must put the two men, denoted 1 and

3, on treatment 2. Thus, the answer is all

pairs of subjects that avoid 1 and avoid 3.

These are:

2, 4; 2, 5; 2, 6; 4, 5; 4, 6; and 5, 6.

(b) We must put subjects 2, 4 and 6 on

the same treatment, which must be treat-

ment 2 because n1 = 2. These assign-

ments are:

1, 3; 1, 5; and 3, 5.

11. Let B denote the P-value for >; let C denote

the P-value for <; and let D denote the P-value

for 6=.

The first thing to note is that

x = p̂1 − p̂2 = 0.35 − 0.30 = 0.05,

is a positive number. This implies that

B ≤ 0.5000 < C,

and that

D = 2B.

Also, recall that B + C must be greater than 1.

We now argue by contradiction.

• I start by determining which P-value is

0.8326. This cannot be B because it ex-

ceeds 0.5000.

If D = 0.8326, then

B = D/2 = 0.4163.

By the process of elimination,

C = 0.2454.

Thus, B + C < 1, which is impossible.

Thus, C = 0.8326.

• If D = 0.2454, then

B = D/2 = 0.1227.
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From above,

C = 0.8326.

Thus, B + C < 1, which is impossible.

Thus, B = 0.2454 and

D = 2B = 0.4908.

12. The first thing to note is that

x = p̂1 − p̂2 = 0.52− 0.60 = −0.08,

is a negative number. Define the following num-

bers:

B = P (X ≤ −0.08);C = P (X ≥ −0.08);

and D = P (X ≥ +0.08).

(It might help to draw a picture on the number

line.) Note that because we cannot assume sym-

metry,B andD need not be equal. We do know,

however, that B+C > 1 and C > D. With this

notation, the P-values are given in the table be-

low.

Alternative P-value

> C

< B

6= B +D

Let’s consider the P-value 0.2931.

• Suppose that C = 0.2931. Then

B + C > 1 implies B > 0.7069

and B + D must equal 0.5242, which is

impossible because it is smaller than B.

• Suppose that B +D = 0.2931. Then

B ≤ 0.2931, making C = 0.5242

and B +C < 1.

Thus, B = 0.2931. C cannot equal 0.5242

because this would make B + C < 1. Thus,

B +D = 0.5242 and C is unknown.

13. (a) The completed table is below, with the

fractions not reduced.

X2

X1 1 3 5.5 Total

1 0 3/30 2/30 5/30

3 3/30 6/30 6/30 15/30

5.5 2/30 6/30 2/30 10/30

Total 5/30 15/30 10/30 1

For example, the probability of the cell

(3,3) is 3/6 (the probability the first card

will be a ‘3’) multiplied by 2/5 (the prob-

ability the second card will be a ‘3’ after

the first card has been a ‘3’).

(b) First, we note that for the sum to equal 8.5,
either cell (3, 5.5) or (5.5, 3) must occur.

Reading from the table above, this proba-

bility is

6/30 + 6/30 = 12/30.

(c) First, we note that for the cards to be

equal, either cell (1, 1), (3, 3) or (5.5, 5.5)
must occur. Reading from the table above,

this probability is

0 + 6/30 + 2/30 = 8/30.

14. (a) Both critical regions have the≥ sign; thus,

the alternative for both tests is >.

(b) This is simply

P (U ≥ 13) = 3/36 + 5/36 = 8/36.

(c) This is simply

P (R1 ≥ 13) = 4/36 + 5/36 = 9/36.

(d) Either both tests reject or both tests fail to

reject. Thus, the probability is

24/36 + 5/36 = 29/36.
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15. (a) The cell count described is ‘b;’ thus, the
count is 100.

(b) The cell count described is ‘d;’ thus, the
count is 700.

(c) This one is a bit tricky. Because I am inter-

ested in only one power, and not a compar-

ison of powers, I use the nearly certain in-

terval from Chapter 4. r̂R = 900/2500 =
0.360 and the nearly certain interval is

0.360 ± 3

√

0.36(0.64)

2500
=

0.360 ± 0.029.

(d) The nearly certain interval is

200 − 100

2500
± (3/2500)

√
100 + 200 =

0.040 ± 0.021.

16. (a) You are given the sequence 111100. The

other four sequences are:

111101, 011110, 101111 and 001111.

(b) There are five sequences that yield (V =
4). Thus, P (V = 4) is the sum of the

probabilities of these five sequences:

3p4q2 + 2p5q.

17. (a) By inspection of the data table,

x̄ = (6 + 10)/2 = 8;

ȳ = (0+10+4+8+12)/5 = 34/5 = 6.8;

and u = 8− 6.8 = 1.2.

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

rect, the numbers in the data table do not

change. Thus,

x̄ = (0 + 8)/2 = 4; and

ȳ = (6+10+4+10+12)/5 = 42/5 = 8.4.

(c) The largest value of u is obtained by

putting the two largest response values on

treatment 1. Thus,

x̄ = (12 + 10)/2 = 11;

ȳ = (0 + 6 + 10 + 4 + 8)/5 == 5.6;

and u = 11− 5.6 = 5.4.

This largest value will occur for either of

two assignments: 3,7 and 5,7.

(d) Let c denote the unknown constant treat-

ment effect. For assignment 3,7 we have

x̄ = (10 + c+ 12 + c)/2 = 14.

Solving for c we get c = 3. As a result,

we get the following data values:

Subj: 1 2 4 5 6

Treat: 2 2 2 2 2

Resp: 0 3 4 7 8

(Responses do not change for subjects 1,

4 and 6 because they were on treatment 2

in the actual study. For subjects 2 and 5,

moving from treatment 1 to treatment 2 re-

sults in their responses decreasing by 3.)

Thus,

ȳ = (0 + 3 + 4 + 8)/5 = 4.4.

18. (a) The sorted data and their ranks are below:

Data: 9 10 10 15 15 15 18

Rank: 1 2.5 2.5 5 5 5 7

(b) From (a),

r1 = 1 + 7 + 5 = 13; and

r2 = 2.5 + 5 + 2.5 + 5 = 15.

(c) To answer this question, wemust calculate

the mean ranks for the data:

r̄1 = 13/3 = 4.33; and

r̄2 = 15/4 = 3.75.

Thus, treatment 1 gives larger responses.
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(d) The actual assignment was 1,4,6 and the

proposed assignment is 2,3,6.

The responses do not change for sub-

jects 5, 6 and 7 because the proposed as-

signment does not change their treatments

from the original assignment. Thus, their

responses remain 10, 15 and 15, respec-

tively.

Subjects 1 and 4 are moved from treat-

ment 1 to treatment 2; thus, their re-

sponses decrease by 2, to 7 and 16, respec-

tively.

Finally, subjects 2 and 3 are moved from

treatment 2 to treatment 1; thus, their re-

sponses increase by 2, to 12 and 17, re-

spectively.

19. The probability histogram is below, followed by

an explanation.

1 2 3 4 5 6 7 8 9 10

0.1

0.2

0.4

0.1

0.2

The distances between the successive values are

1, 2, 2 and 2. The minimum of these is δ = 1.
Therefore, the boundaries of each rectangle are

‘value’ ±0.5, as pictured. The height of each

rectangle equals the probability of its value.

20. The probability histogram is below, followed by

an explanation.

1 2 3 4 5 6 7 8 9 10

0.15

0.20

0.05

0.10

The distances between the successive values are

3, 2 and 2. The minimum of these is δ = 2.
Therefore, the boundaries of each rectangle are

‘value’±1, as pictured. The height of each rect-
angle equals the probability of its value divided

by 2.

21. (a) We begin by computing the frequency of

(U ≥ 0.7):

315 + 53 + 3 = 371.

Thus, the r.f., 371/1000 = 0.0742, is the
approximate P-value.

(b) We compute the frequency of (U ≤
−0.5):

680 + 194 + 29 + 2 = 905.

Thus, the r.f., 905/5000 = 0.1810, is the
approximate P-value.

(c) We compute the frequency of (U ≥ 0.8):

53 + 3 = 56,

and add to it the frequency of (U ≤
−0.8):

194 + 29 + 2 = 225,

obtaining 56 + 225 = 281. Thus, the r.f.,
281/5000 = 0.0562, is the approximate

P-value.

(d) The inequality is satisfied by the values:

0.1, 0.4 and 0.7. Summing the frequencies

of these values, we get

1472 + 926 + 315 = 2713.

Thus, the r.f., 2713/5000 = 0.5426, is the
approximate value of the requested proba-

bility.
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(e) For (a), we get

0.0742 ± 3

√

0.0742(0.9258)

5000
=

0.0742 ± 0.0111.

In a similar way, the answer for (b) is

0.1810 ± 0.0163 and the answer for (c) is

0.0562 ± 0.0098.

22. (a) The 24 sorted responses consists of 1 in

positions 1–9; 2 in positions 10–17; and 3
in positions 18–24. Thus, the ranks are

(1 + 9)/2 = 5; (10 + 17)/2 = 13.5; and

(18 + 24)/2 = 21.

Using the ranks derived above,

r1 = 3(5) + 3(13.5) + 5(21) = 160.5.

(b) The mean of the sampling distribution is

µ =
11(24 + 1)

2
= 137.5.

The values of ti are 9, 8 and 7. Thus,

∑

(t3i − ti) = (93 − 9) + (83 − 8)+

(73 − 7) = 1560.

The first piece of the variance is:

11(13)(25)

12
= 297.92,

and the second piece is:

11(13)(1560)

12(24)(23)
= 33.68.

Thus, the variance is:

297.92 − 33.68 = 264.24,

and the standard deviation is:

√
264.24 = 16.26.

23. (a) We need to list all assignments that put

both women (1 and 5) on the same treat-

ment. If we put them both on treatment 1,

we get assignments:

125, 135, 145 and 156.

If we put them both on treatment 2, we get

assignments:

346, 246, 236 and 234.

(b) Let’s put Bernadette on treatment 1. She

will need to be matched with either Penny

or Leonard (but not both) and either Shel-

don or Raj (to bring the total to three). The

assignments are:

134, 135, 146 and 156.

In the assignments above, replace

Bernadette (1) with Howard (2), obtaining

234, 235, 246 and 256.

(c) Here we want all of the assignments in (b)

that are also not in (a):

134, 146, 235 and 256.

24. Because the standard deviation is greater than 0,

we know that it is not the case that all 20 num-

bers equal 10; i.e., there are at least two distinct

values in the data set. Also, the fact that the

mean and the median are equal does not im-

ply that the data are symmetrically distributed

around 10.

(a) The mean is smaller than 10.

Answer: T.

The total of the observations is 20(10) =
200. We know that w(20) > 10 because

at least one observation exceeds 10. Thus,

after deleting w(20) the total of the remain-

ing observations is < 190 which tells us

that the mean is < 10.
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(b) The mean equals 10.

Answer: F.

See the answer to (a).

(c) The median is smaller than 10.

Answer: M.

For the new data set, the median is w(10).

For the original data set, the median, 10, is

the mean of w(10) and w(11). If these last

two numbers are both 10, then the state-

ment is false; if not, then the statement is

true. Hence, the answer is M.

(d) The median equals 10.

Answer: M.

See the answer to (c).

(a) The mean is smaller than 10.

Answer: M.

If, for example, w(1) = 0 and w(20) = 21,
then this is true. If, however, w(1) = 0 and
w(20) = 19, then this is false.

(b) The mean equals 10.

Answer: M.

If w(1) + w(20) = 20, then this is true; if

not, then this is false.

(c) The median is smaller than 10.

Answer: F.

For the original data set, the median, 10,

is the mean of w(10) and w(11). For the

new data set, because we have dropped

one value from each end of the list, these

two numbers are still in the center posi-

tions. Hence, the median can not change.

(d) The median equals 10.

Answer: T.

See the answer to (c).

25. (a) By counting,

x = 27, r = 25, v = 5 and w = 3.

(b) First,

c = 2(27)(45 − 27) = 972.

Thus,

µ = 1 + (972/45) = 22.6 and

σ =

√

972(972 − 45)

45(45)(44)
= 3.18.

(c) For the runs test and the alternative >, the

P-value is P (R ≥ r) = P (R ≥ 25). We

are going to use a Normal curve to approx-

imate this probability. We use the Normal

curve that matches the distribution of R
on mean and variance, both of which we

found in part (b). Thus, we enter

A = 22.6 and B = 3.18.

We want the area to the right, so we en-

ter a number for C and, because we want

the continuity correction, we replace 25 by

24.5.

(d) Similar to our answer for (c), we enter the

same values for A and B and enter 25.5 for

D.

(e) Because the mean of the Normal curve,

22.6, is smaller than both 24.5 and 25.5,

it follows that

P1 < 0.5000 < P2.

The Normal curve is symmetric; hence,

P3 = 2P1.
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26. Let B denote the P-value for >; let C denote

the P-value for <; and let D denote the P-value

for 6=. We know that

B + C > 1

and that, by symmetry, D is twice the smaller

of B and C .

First,

x = 0.30 − 0.40 = −0.10

is a negative number. Thus,

C < 0.5000 < B and D = 2C.

Let’s start with 0.1055. This cannot be B be-

cause it is smaller than 0.5000. If it were D,

then C = D/2 = 0.0528 and B + C would

be smaller than 1 for either of the possible val-

ues for B. Thus, C = 0.1055 and D = 2C =
0.2110.

If B = 0.8822, then B + C < 1; thus, B =
0.9411.

27. (a) We need to rewrite the event (X1 = X2)
in terms of cells in the table. It is

(X1 = X2 = 2) or (X1 = X2 = 3).

Thus, its probability is

0.06 + 0.16 = 0.22.

(b) We need to write the event (X1×X2 > 5)
in terms of cells in the table. It consists of

the cells (2,3), (3,2), (3,3), (4,2) and (4,3).

Thus, its probability is

0.11 + 0.090.16 + 0.15 + 0.23 = 0.74.

28. (a) This is a power analysis which implies

that the correct decision is to reject the

null. Thus, the cell of interest isR1 rejects

and U fails to reject; its count is 50.

(b) The cell of interest is R1 rejects and U re-

jects; its count is 650.

(c) This one is a bit tricky. Because I am inter-

ested in only one power, and not a compar-

ison of powers, I use the nearly certain in-

terval from Chapter 4. r̂U = 900/2000 =
0.450 and the nearly certain interval is

0.450 ± 3

√

0.45(0.55)

2000
=

0.450 ± 0.033.

(d) The nearly certain interval is

(250 − 50)

2000
± 3

2000

√
50 + 250 =

0.100 ± 0.026.
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