
Solutions to Practice Final Exam; Summer 2015; Chaps. 12–22

1. I will refer to each interval by its lower bound,

suppressing the decimal point for (my) ease;

i.e., they are 519, 528, 536 and 544.

First, we calculate the four centers. We get

0.631 twice and two other numbers. The two

approximate intervals must have the same cen-

ter (p̂); thus, 528 and 544 are the approximate

intervals.

Interval 544 is narrower than interval 528; thus,

the former is 90% and the latter is 95%.

Finally, 519 and 536 are the exact intervals. The

former is wider; thus, it is 95% and the latter is

90%.

2. (a) Reading from the table, the CI is

[0.108, 0.566].

(b) The CI contains p = 0.600 if, and only if,

x equals 4, 5, 6, 7 or 8.

(c) The lower bound of the CI exceeds p =
0.300 if, and only if, x equals 6, 7, 8, 9 or

10.

(d) The upper bound of the CI is smaller than

p = 0.700 if, and only if, x equals 0, 1, 2,

3 or 4.

3. It is important to go back in time before data

are collected to set up the problem. We plan

to observe X which has a Poisson distribution

with parameter θ. For later in the problem, we

note that

θ = 15λ,

where λ is the rate per hour.

The data yield X = 840, making the 95% CI

for θ:

840 ± 1.96
√
840 = 840 ± 56.81.

Next, we divide thru by 15 to convert to λ, ob-
taining:

56.00 ± 3.79.

4. First, we calculate r′ = 12/15 = 0.8. The 90%
PI is:

0.8(840) ± 1.645
√

0.8(840)(1.8) =

672± 57.21.

5. As with problem 3, it helps to go back in time to

before the data are collected. Vince plans to ob-

serve X which has a Poisson distribution with

parameter θ, where

θ = 3λ,

where λ is the rate per minute.

Vince observes X = 4 and the website gives

Vince an upper bound, call it b, for θ:

θ ≤ b or λ ≤ b/3.

We are given that

b/3 = 2.5574; thus, b = 7.6722.

The inequality

θ ≤ 7.6722 becomes 700p ≤ 7.6722,

which gives

p ≤ 0.01096.

6. (a) The challenge of this problem is to adapt

the CI formula for p1−p2 to the difference
p1 − p4.

First,

p̂1 = 54/90 = 0.600 and

p̂4 = 65/130 = 0.500.

Thus, the point estimate is

0.600 − 0.500 = 0.100,

and the CI is 0.100±

1.96

√

0.6(0.4)

90
+

0.5(0.5)

130
=

0.100 ± 1.96(0.06775) = 0.100 ± 0.133.
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(b) I will identify p1 = p3 as p1 and p2 = p4
as p2. In order to avoid negatives, which I

don’t like, I will calculate the 95% CI for

p1 − p2. First,

p̂1 = (54 + 78)/(90 + 120) = 0.629 and

p̂2 = (45 + 65)/(100 + 130) = 0.478.

Thus, the point estimate is

0.629 − 0.478 = 0.151,

and the CI is 0.151±

1.96

√

0.629(0.371)

210
+

0.478(0.522)

230
=

0.151 ± 1.96(0.04686) = 0.151 ± 0.092.

(Note: If you calculate the CI for p2 − p1,
the answer is −0.151 ± 0.092.)

7. The key is in the last sentence:

. . . calculate the regression line for

using math score to predict reading

score.

Thus, math score is represented as X and read-

ing score is Y . We are given that

x̄ = 70 and ȳ = 110.

For Todd,

x = 70 + 10 = 80 and y = ŷ − 5.

Also, Todd’s y equals 135; thus, his

ŷ = 135 + 5 = 140.

We have the equation

ŷ = b0 + b1x,

which we now view as an equation with two un-

knowns, b0 and b1. By plugging-in two pairs of

x and ŷ into this equation we can solve for the

two unknowns.

We know that the regression line always in-

cludes the point (x̄, ȳ) (the law of preservation

of mediocrity). Thus, we have

110 = b0 + 70b1.

Also, from the info on Todd, we have

140 = b0 + 80b1.

If we subtract the first of these equations from

the second, we get

140 − 110 = b0 − b0 + 80b1 − 70b1, or

30 = 10b1, or b1 = 3.

Substituting into our first equation, we get

110 = b0 + 70(3) or b0 = −100.

Thus, the regression line is

ŷ = −100 + 3x.

8. Sally’s study results in paired data, which we

present in the following table.

First Second Shot

Shot S(B) F (Bc) Total

S(A) 40 12 52
F (Ac) 23 25 48

Total 63 37 100

The 95% CI for P (A)− P (B) is

(
12 − 23

100
)± (

1.96

100
)

√

100(35) − (−11)2

99
=

−0.110 ± 0.0196(5.842) = −0.110 ± 0.114.

9. (a) 176/2000 = 0.080.

(b) 176/374 = 0.471.

(c) 198/1980 = 0.100.

(d) The number of incorrect screening test re-

sults is: 44 + 198 = 242. Thus, the pro-

portion of interest is

242/2200 = 0.110.
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(e) The answer is

(176 + 44 + 198)/2200 =

418/2200 = 0.190.

10. This problem is tricky and gave my students a

great deal of difficulty. First, we note that in the

collapsed table,

p̂2 = 3/8 < 4/10 = p̂1.

In order to have Simpson’s Paradox occur, we

need a reversal in both subgroups; i.e.,

p̂2 > p̂1.

Look at Subgroup B. The only possible values

for p̂2 are 0 and 1. If it is 0, then there will be

no reversal; hence, it must be 1. This allows us

to fill in the tables as given below.

Subgroup A

Group S F Total

1

2 2 5 7

Total

Subgroup B

Group S F Total

1

2 1 0 1

Total

In order to have Simpson’s Paradox occurring,

we need p̂1 < 2/7 in Subgroup A and p̂1 < 1 in
Subgroup B. This can occur several ways; one

answer is given below.

Subgroup A

Group S F Total

1 0 1 1

2 2 5 7

Total 2 6 8

Subgroup B

Group S F Total

1 4 5 9

2 1 0 1

Total 5 5 10

11. (a) We begin by calculating

k′ =
49 + 1

2
− 1.282

√
49

2
=

25− 4.49 = 20.51,

which we round down to k = 20. The CI
ranges from the 20th smallest observation

to the 20th largest; it is [15.9, 18.3].

(b) The lower bound is the 18th smallest ob-

servation. Thus, the upper bound is the

18th largest observation, which is 19.0.

(c) We need to find Skylie’s value of k. By

trial-and-error, I obtain the following in-

tervals:

k = 16 gives [14.7, 19.6],

which Goldilocks notes is too narrow.

k = 14 gives [14.1, 19.8],

which Goldilocks notes is too wide. Fi-

nally,

k = 15 gives [14.4, 19.7],

which Goldilocks notes is just right.

12. (a) We found k = 20. Thus, the probability

the PI will be correct is

1− 2(20)

50
= 1− 0.80 = 0.20.

Thus, it is a 20% PI¿

(b) We set

0.76 = 1− 2k

50

and solve for k. The result is k = 6 and

the PI is

[12.5, 25.3].

13. By counting, n = 24. Thus, we need t∗ for

df = 23 and 90%. From the table at the front of

the exam, t∗ = 1.714. Thus, the CI is

528.4 ± 1.714(99.7/
√
24) = 528.4 ± 34.9.
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14. (a) Because the study is balanced,

s2p = (100+36)/2 = 68; thus, sp = 8.246.

(b) First, df = 12 + 12 − 2 = 22. Thus,

t∗ = 2.074 and the 95% CI is

(40.00− 30.00)± 2.074(8.246)
√

2/12 =

10.00 ± 6.98.

(c) First, d̄ = 40.00 − 30.00 = 10.00. Sec-

ond, df = 11, giving t∗ = 2.201. Third,

s2d = 100 + 36− 2(0.4)(10)(6) = 88.

Thus, sd = 9.381 and the 95% CI is

10.00 ± 2.201(9.381/
√
12) =

10.00 ± 5.96.

15. Mona’s data are displayed below.

Risk Outcome

Factor B Bc Total

A 90 30 120
Ac 210 270 480

Total 300 300 600

(a) The point estimate of the odds ratio is

90(270)

30(210)
= 3.857.

(b) Trick question! You can not estimate the

relative risk with Type 3 random sample.

16. (a) With n = 10 cases, we have df = n −
2 = 8. Thus, for 90% CI or PI, we have

t∗ = 1.860.

(b) The 90% CI for the slope of the population

regression line is

6.57 ± 1.860(0.9256) = 6.57 ± 1.72.

(c) The 90% CI for the mean response is

208.17 ± 1.860(6.49) = 208.17 ± 12.07.

(d) First, the estimated variance of the predic-

tion is

(12.36)2 + (4.18)2 = 170.242.

Thus, the estimated standard error of the

prediction is 13.05. The 90% PI for

Young’s weight is

181.91±1.860(13.05) = 181.91±24.27.

17. I will begin by creating the table of counts for

Bob’s IPOD.

Dances?

Type Yes No Total

Rap 60 240 300

EL 420 280 700

Total 480 520 1000

(a) From the table, 480/1000 = 0.480.

(b) From the table, 240/520 = 0.462.

18. (a) In order to find the critical region, we as-

sume that the null hypothesis is correct;

hence, we will obtain our probabilities

from the column for p = 0.25.

The alternative is >; thus, the critical re-

gion will have the form (X ≥ c). Wemust

determine the value of c.

Per the instructions in the problem, we

need to find c so that

P (X ≥ c) < 0.10,

but as close to 0.10 as possible. Using

trial-and-error, I begin with c = 6. From
the table,

P (X ≥ 6) = 0.0917 + 0.0393 + . . . .

My guess can’t be correct because the sum

of the first two terms exceeds 0.10. Next,

I try c = 7 and get

P (X ≥ 7) = 0.0393+0.0131+0.0034+

0.0007 + 0.0001 = 0.0566.

Thus, the critical region is (X ≥ 7).
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(b) From (a), α = 0.0566.

(c) The null hypothesis is that p = 0.20; thus,
we use this column to obtain probabilities.

The value of α is

P (X ≥ 6) = 0.0430+0.0138+0.0035+

0.0007 + 0.0001 = 0.0611.

(d) We want the power for p = 0.30; thus,
we use this column to obtain probabilities.

The value of the power is

P (X ≥ 6) = 0.1472+0.0811+0.0348+

0.0116+0.0030+0.0006+0.0001 = 0.2784.

19. The approximate 95% confidence interval for θ
is

x±1.96
√
x = 960±1.96

√
960 = 960±60.72.

We can infer that

θ = 12λ.

Thus,

960/12 ± 60.72/12 = 80± 5.06

is the approximate 95% confidence interval

for λ.

20. First, r′ = 9/12 = 0.75. The 90% prediction

interval is

r′x± 1.645
√

r′x(1 + r′) =

0.75(960) ± 1.645
√

0.75(960)(1.75) =

720 ± 58.4.

21. Let λ denote the rate per minute. The website

gives Vince the upper bound for θ = 10λ.

You are told that the upper bound for λ
is 0.7906; thus, the upper bound for θ is

10(0.7906) = 7.906. Written as an inequality,

we have

θ ≤ 7.906.

We want the upper bound for p. We obtain this

by using the Poisson to approximate the bino-

mial. We replace θ by np and get the following

approximate upper bound

np ≤ 7.906.

Noting that n = 800, we solve for p and get

p ≤ 0.009882.

Note this approximation works only because

Sean and Vince both have five successes and

they both want the upper 80% confidence

bound.

22. (a) The entire process must be one big set of

Bernoulli trials. In particular, the p (not

the p̂) must be the same for the past data

and the future data. Also, the future data

must be independent of the past data.

(b) First,

r = 300/200 = 1.5 and q̂ = 128/200 = 0.64.

The 80% prediction interval is

rx± 1.282
√

rx(1 + r)q̂ =

1.5(72) ± 1.282
√

1.5(72)(2.5)(0.64) =

108 ± 16.8.

23. (a) The proportion is

80/2800 = 0.029.

(b) The proportion is

2400/(280+2400) = 2400/2680 = 0.896.

(c) The proportion is

280/360 = 0.778.

(d) The proportion is

40/2440 = 0.016.
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(e) The proportion is

(320 + 80)/2800 = 0.143.

24. (a) Because the study is balanced,

s2p = [(5.78)2+(5.02)2]/2 = 58.6088/2 =

29.3044, which gives sp =
√
29.3044 =

5.41. Next, df = 15 + 15− 2 = 28; thus,
t∗ = 1.701. The CI is

2.00±1.701(5.41)
√

2/15 = 2.00±3.36.

(b) First, using (a) for the first two terms in

the identity, we get

s2d = 58.6088−2(0.4)(5.78)(5.02) = 35.40,

which gives sd =
√
35.40 = 5.95. Next,

df = 15 − 1 = 14, which gives t∗ =
1.761. The CI is

2.00± 1.761(5.95/
√
15) = 2.00 ± 2.71.

(c) Raymond’s is preferred. As discussed in

the Course Notes in Chapter 20, pairing

samples is invalid.

25. (a) A CI for the mean is too small if, and

only if, its upper bound is smaller than

µ. We see that one upper bound—511—is

smaller than µ = 512; thus, one CI is too
small.

A CI for the mean is too large if, and only

if, its lower bound is larger than µ. We see

that two lower bounds—526 and 534—are

larger than µ = 512; thus, two CIs are too

large.

The remaining 17 CIs must be correct.

(There is no double counting because a CI

cannot be both too small and too large.)

(b) We are told that exactly three CIs are too

small. This means that exactly three upper

bounds are too small. Thus, 511, 522 and

543 are too small, but 549 is not too small.

Thus, the answer is

543 < µ ≤ 549.

(c) We are told that at most four of the inter-

vals are too large. This means that at most

four of the lower bound are too large. This

means that the fifth biggest lower bound—

502—is not too large. Thus, the answer is

µ ≥ 502.

26. (a) For 90% confidence, we have

k′ =
39 + 1

2
− 1.645

√
39

2
=

20− 5.13 = 14.87.

Thus, k = 14 and the CI extends from

the 14th smallest observation to the 14th

largest observation:

[148, 181].

(b) From (a), the CI for k = 14 has width

equal to 181−148 = 33; i.e., it is not wide
enough. I resort to trial-and-error. Fortu-

itously, my first candidate is k = 12which
gives the interval

[145, 200]

which has the proper width!

(c) By inspecting the list of data, we see

that 154 is the 16th smallest observation.

Thus, k = 16 and the upper bound is the

16th largest observation, 173.

(d) My writing the PI with the ‘±’ symbol is

a bit tricky. We find that the PI has bounds

181− 66 = 115 and 181 + 66 = 247.

By inspecting the list of data, we see that

k = 3. Thus, the level of the PI is:

1− 2(3)

39 + 1
= 1− 0.15 = 0.85.
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27. The information given on Mona’s data are

placed in the table below.

First Second Shot

Shot S F Total

S 100

F 40

Total 140 200

The trickiest of these entries is the 140; 70% of

200 shots gives Mona a total of 140 successes

on her second shots.

By adding and subtracting we are able to com-

plete the table:

First Second Shot

Shot S F Total

S 100 20 120

F 40 40 80

Total 140 60 200

(a) This is an example of the use of the CI for

[P (A)− P (B)] for paired data.

60− 90

200
± 1.645

200

√

200(150) − 302

199
=

−0.150 ± 0.099.

(b) We are now assuming a Chapter 15 prob-

lem which means that we present the data

as follows:

Outcome

Shot S F Total p̂

First 100 100 200 0.500

Second 130 70 200 0.650

Total 230 170 400

The CI is (0.500 − 0.650)±

1.645

√

0.5(0.5)

200
+

0.65(0.35)

200
=

−0.150 ± 0.080.

(c) This was a trick question. Most students

answered “Analysis (b) is better b/c its CI

is narrower.” If you look at Nancy’s paired

data, however, you see that she had a 40%

success rate after a success and a 90% suc-

cess rate after a failure. Even without per-

forming Fisher’s test (the exact P-value for

the two-sided alternative is

5.03 × 10−14)

we can see that the assumption behind (b)

is grossly contradicted by the data. Thus,

the correct answer is (a).

28. We can rule out Type 1 sampling because, for

example, the relative frequency ofA in the sam-

ple, 0.667, does not match P (A) = 0.500.

Next, we see that

p̂1 = 80/200 = 0.4 and p̂2 = 20/100 = 0.2,

equal, respectively,

p1 = 200/500 and p2 = 100/500.

Finally, neither

p̂∗1 = 80/100 = 0.8 nor p̂∗2 = 120/200 = 0.6,

equal

p∗1 = 200/300 nor p∗2 = 300/700.

Thus, Eli selected a Type 2 random sample.

29. This is a classic build a table of probabilities

problem. First, we need to identify the two di-

chotomous variables. They are win (A) or lose
(Ac); and riot (B) or don’t riot (Bc). The given

information plus the multiplication rule yields

the following table of probabilities.

Riot No riot Total

Win 0.42 0.18 0.60

Lose 0.10 0.30 0.40

Total 0.52 0.48 1.00

7



For example, we are given the probability of

winning is 0.60 and the probability of a riot

given that the team wins is 0.70. Thus, the prob-

ability of winning and a riot is 0.60(0.70) =
0.42.

Once this table has been created, the problem

becomes standard.

(a) From the table, the probability of a riot is

0.52.

(b) The probability of the team wins, given

that there is no riot is

P (W |Rc) = P (WRc)/P (Rc) =

0.18/0.42 = 0.375.

30. This is a very easy question, yet when I put it

on an exam, many people got it wrong. Why

did they get it wrong? My theory is that they

stubbornly stick to their favorite formula. For

many of the regression problems I will give you,

remember the words of Mick Jagger:

You can’t always get what you want

But if you try sometimes well you might find

You get what you need.

Many of my students insisted on using the for-

mula

b0 = ȳ − b1x̄,

despite the fact that it was impossible to calcu-

late either mean because I had given them only

six cases out of 15.

The correct approach is to take any case; for ex-

ample, the first one listed. We have

185.23 = b0 + 60b1.

From the computer output we know that b1 =
4.95. Thus, we solve for b0:

b0 = 185.23 − 60(4.95) = −111.77.

31. The fit for x = 65 is the mean of the fits for

x = 64 and x = 68:

(205.02 + 214.91)/2 = 209.96.

Alternatively, you could plug x = 65 into

ŷ = −111.77 + 4.95x.

32. First, df = n − 2 = 15 − 2 = 13 which yields

t∗ = 2.160 for 95%. Thus, the CI is

4.95 ± 2.160(1.325) = 4.95 ± 2.86.

33. Again df = 13 which yields t∗ = 1.771 for

90%. Thus, the CI is

234.70 ± 1.771(6.94) = 234.70 ± 12.29.

34. First, the variance of the prediction is

(14.61)2 + (4.93)2 = 237.757.

Thus, the PI is

224.81 ± 2.160
√
237.757 = 224.81 ± 33.31.

35. For the particular case we have

e = y − ŷ or − 10 = 210 − ŷ

which yields ŷ = 220. Thus, we have two

points on the regression line, thus two equa-

tions:

160 = b0 + 120b1 and

220 = b0 + 100b1.

Subtracting the second of these from the first

eliminates the b0 and gives us

−60 = 20b1 or b1 = −3.

Plugging this into the first equation, we get

160 = b0 + 120(−3) or b0 = 520.

Thus, the regression line is

ŷ = 520 − 3x.
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36. The key is to note that the fact sd = 0 im-

plies that all of the differences are the same and,

hence, all are equal to 3. Keeping your pairs

straight, this gives us the following responses.

Subject Treatment Response

Sheldon 2 9

Leonard 1 8

Emily 1 13

Howard 2 15

37. (a) First, we remember that the component ta-

bles must be consistent with the collapsed

table. This gives us the following.

Subgroup A

Group S F Total

1

2 2 6 8

Total

Subgroup B

Group S F Total

1

2 2 0 2

Total

For Simpson’s Paradox to occur, we need

p̂1 < p̂2

in both component tables. Also, of course,

we need consistency in the Group 1 data.

There are many ways to do this; one ex-

ample is below.

Subgroup A

Group S F Total

1 0 1 1

2 2 6 8

Total 2 7 9

Subgroup B

Group S F Total

1 7 6 13

2 2 0 2

Total 9 6 15

(b) This problem gave the students a great

deal of trouble. The key is to realize that,

even though I didn’t type the first compo-

nent table for you, you still need to con-

sider it. By consistency, the two tables are:

Subgroup A

Group S F Total

1

2 3 5 8

Total

Subgroup B

Group S F Total

1

2 1 1 2

Total

For Simpson’s Paradox to occur, we need

p̂1 < 0.375 in Subgroup A and

p̂1 < 0.500 in Subgroup B.

This is impossible because, for consis-

tency, both the total number of successes

and the total number of failures in Group 1

must equal 7. Therefore, either: both of

the p̂1’s must equal 0.500 or one of them

must exceed 0.500. In either situation,

Simpson’s Paradox is not occurring.
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