
Practice Final Exam; Summer 2015; Chapters 12–22

Values of t∗. For df > 40, use z∗:
df: 1 2 3 4 5 6 7 8 9 10

95%: 12.706 4.303 3.182 2.776 2.571 2.447 2.365 2.306 2.262 2.228

90%: 6.314 2.920 2.353 2.132 2.015 1.943 1.895 1.860 1.833 1.812

df: 11 12 13 14 15 16 17 18 19 20

95%: 2.201 2.179 2.160 2.145 2.131 2.120 2.110 2.101 2.093 2.086

90%: 1.796 1.782 1.771 1.761 1.753 1.746 1.740 1.734 1.729 1.725

df: 21 22 23 24 25 26 27 28 29 30

95%: 2.080 2.074 2.069 2.064 2.060 2.056 2.052 2.048 2.045 2.042

90%: 1.721 1.717 1.714 1.711 1.708 1.706 1.703 1.701 1.699 1.697

df: 31 32 33 34 35 36 37 38 39 40

95%: 2.040 2.037 2.035 2.032 2.030 2.028 2.026 2.024 2.023 2.021

90%: 1.696 1.694 1.692 1.691 1.690 1.688 1.687 1.686 1.685 1.684

Values of z∗:
% for CI or PI: 80 90 95 98 99 99.73

z∗: 1.282 1.645 1.960 2.326 2.576 3.000

1. 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%.

Eleanor uses Abby’s data to obtain two exact

confidence intervals for p, with confidence lev-

els 90% and 95%.

The intervals are below.

B = [0.536, 0.719];C = [0.544, 0.718]

D = [0.528, 0.734]; and E = [0.519, 0.734].

Correctly match each interval to its type in the

table below.

Type Interval (B–E)

90%, Exact

90%, Approx.

95%, Exact

95%, Approx.

2. The table below presents all exact two-sided

83% confidence intervals for p when n = 10.
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 = 10; and l [u] is
the lower [upper] bound of the exact confidence

interval.

x l u x l u

0 0.000 0.218 6 0.341 0.822

1 0.009 0.351 7 0.434 0.892

2 0.050 0.464 8 0.536 0.950

3 0.108 0.566 9 0.649 0.991

4 0.178 0.659 10 0.782 1.000

5 0.256 0.744

(a) Alice observes x = 3 successes in n = 10
Bernoulli trials. Find her exact two-sided

83% confidence interval estimate of p.

(b) Bill plans to observe n = 10 Bernoulli tri-
als. He will calculate the exact two-sided

83% confidence interval estimate of p.

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

gers: 0, 1, 2, . . . , 10.
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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 = 0.300, 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?

3. Jane observes a Poisson Process for 15 hours

and counts a total of 840 successes.

Let λ denote the rate per hour for the Poisson

Process.

Use Jane’s data to obtain the approximate 95%

confidence interval estimate of λ.

4. Refer to the previous problem. Next Monday

Maura plans to observe Jane’s process for 12

hours.

Use Jane’s data to calculate the 90% prediction

interval for the number of successes that Maura

will obtain.

5. Vince observes a Poisson Process for three min-

utes and counts four successes. With the help

of a website, Vince finds that the exact upper

88% confidence bound for the rate per minute

is 2.5574.

Sean observes 700 Bernoulli trials and counts

a total of four successes. Use Vince’s result

to find the approximate upper 88% confidence

bound for Sean’s p.

6. Below are data from four populations. For

this problem, assume that the data from pop-

ulation i, for i = 1, 2, 3, 4, are the outcomes

of Bernoulli trials with unknown probability

of success pi. Also, assume that the samples

from the different populations are independent

of each other; i.e., we make the standard as-

sumptions from Chapter 15.

Pop. S F Total

1 54 36 90

2 45 55 100

3 78 42 120

4 65 65 130

Total 242 198 440

(a) Calculate the 95% confidence interval for

p1 − p4.

(b) We now assume that p1 = p3 and p2 = p4.
Thus, there are now only two unknown

proportions among these four populations.

Use all available and relevant data to cal-

culate the 95% confidence interval for the

difference of these two proportions. (Ei-

ther direction of comparison is fine.)

7. (Hypothetical data.) Five hundred children took

two exams: one math and one reading. The

mean scores are: 70 on math and 110 on read-

ing.

One subject, Todd, scored 10 points above the

mean on math. In addition, Todd’s reading

score is 5 points smaller than predicted from his

math score.

Given that Todd scored 135 on the reading

exam, calculate the regression line for using

math score to predict reading score.

8. Sally’s basketball personal trainer has created a

drill to simulate a real game situation. Each trial

proceeds as follows. Sally is standing at the free

throw line; she runs to the base line at the other

end of the court and then back to the free throw

line. After taking a few seconds to regain her

breath, Sally shoots a pair of free throws, each

of which can result in a success (made shot) or

failure (missed shot). After shooting the free

throws, Sally performs another trial. The en-

tire drill consists of 25 trials; i.e., 25 pairs of

free throws will be shot by Sally during the

drill. Sally performs this drill on four consec-

utive days.

On the four days combined, Sally shoots 100

pairs of free throws. For these pairs,
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• Sally made both free throws on 40 trials.

• Sally missed both free throws on 25 trials.

• Sally made the first free throw and missed

the second free throw on 12 trials.

• Sally made the second free throw and

missed the first free throw on 23 trials.

Sally wants to compare her probability of suc-

cess on her first shots to her probability of suc-

cess on her second shots. Help her by calculat-

ing the appropriate 95% confidence interval.

Hint: You may assume that the trials are

i.i.d. trials, but you may not assume that the

outcome of the first shot is independent of

the outcome of the second shot; indeed, the

data suggest that they are dependent. On

the brighter side, there are two possible con-

fidence intervals formulas; if you choose the

wrong one you will still receive partial credit.

9. Below is the table of population counts (in

thousands) for a disease and its screening test.

Write your answers below as: a ratio, for ex-

ample, 63/482; or as a decimal with three dig-

its, for example 0.131.

B Bc Total

A 176 44 220
Ac 198 1782 1980

Total 374 1826 2200

(a) What proportion of the population would

receive a correct positive test result?

(b) Of those in the population who would test

positive, what proportion actually has the

disease?

(c) Of those in the population who do not

have the disease, what proportion would

test positive?

(d) What proportion of the population would

receive an incorrect screening test result?

(e) What proportion of the population: has the

disease or would test positive?

10. An observational study yields the following col-

lapsed table.

Group S F Total

1 4 6 10

2 3 5 8

Total 7 11 18

Below are two partial component tables for the

above data. Complete these tables so that Simp-

son’s Paradox is occurring. Be careful: There

are 16 empty spaces in the two tables below;

you must place a number in each space to re-

ceive full credit.

Subgroup A

Group S F Total

1

2 7

Total

Subgroup B

Group S F Total

1

2 1

Total
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11. Tommy observes n = 49 i.i.d. trials from an

unknown pdf. Tommy’s sorted data are below.

10.0 10.2 11.0 11.4 12.3 12.5

12.6 12.7 12.9 13.1 13.3 13.5

14.0 14.1 14.4 14.7 15.1 15.6

15.7 15.9 16.1 16.3 16.6 17.0

17.2 17.5 17.6 18.0 18.2 18.3

18.6 19.0 19.4 19.6 19.7 19.8

21.0 21.3 22.4 22.9 23.1 24.0

24.7 25.3 25.8 26.6 28.0 28.5

29.2

(a) Calculate the approximate 80% confi-

dence interval for the median, ν, of the un-
known pdf. (Hint: For 80% confidence,

z∗ = 1.282.)

(b) Franky calculates the approximate 92%

confidence interval for the median of the

population. (Don’t try to duplicate his

work because I have not given you the

value of z∗ for 92%.) The lower bound

of his interval is 15.6.

Calculate the upper bound of his interval.

If this is impossible, write ‘impossible.’

(c) Skylie calculates a confidence interval for

the median of the unknown pdf. Given

that the width of her interval is 5.3, deter-

mine its endpoints.

12. Refer to the previous problem.

(a) Consider the interval you obtained in

part(a). If we view it as a prediction in-

terval for a future observation, what is

its level? (By ‘level’ I mean, what was

the probability, before data were collected,

that such an interval would be correct.)

(b) Calculate the 76% prediction interval.

13. A random sample is selected from a pdf. Below

are the sorted data from the sample.

353 374 392 418 437 440

443 446 493 495 499 532

542 562 570 578 599 604

612 637 639 662 675 680

Hint: The mean and standard deviation of these

numbers are 528.4 and 99.7.

Calculate Gosset’s 90% confidence interval for

the mean of the population.

14. I have data from two populations. Following the

notation of Chapters 19 and 20, I have indepen-

dent random samples with

x̄ = 40.00, ȳ = 30.00, s1 = 10.00, s2 = 6.00

and n1 = n2 = 12.

(a) Calculate the value of sp.

(b) Calculate the 95% confidence interval for

µ1 − µ2.

(c) Now assume that the data above are from

pairs selected at random from the popula-

tion of pairs. Given that r = 0.4 for these

pairs, obtain the 95% confidence interval

for µd.

15. Mona decides to perform a case-control study to

investigate the relationship between a risk factor

and a bad outcome. Following our usual nota-

tion, the risk factor can be present (A) or absent
(Ac) and the bad outcome can occur (B) or not

(Bc).

Mona searches through her hospital’s records

and finds 300 occurrences of the bad outcome.

She finds a huge number of records of the bad

outcome not occurring and, from this collection,

selects 300 records at random without replace-

ment.

For the problems below, assume that Mona’s

procedure does indeed give us a case-control

study with the appropriate random samples.

Among the 600 records she examined, Mona

finds 120 subjects for which the risk factor is

present, with 90 of these also possessing the bad

outcome.
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(a) Use Mona’s data to compute the point es-

timate of the odds ratio.

(b) Use Mona’s data to compute the point es-

timate of the relative risk.

16. Below is edited output from a study on the

heights and weights of n = 10 members of the

WNBA Chicago Sky team. For the purpose of

this problem, we will view these 10 women as

a random sample from the population of all fe-

male professional basketball players.

The regression equation is

Weight = - 304 + 6.57 Height

Predictor Coef SE Coef

Height 6.57 0.9256

S = 12.36 R-Sq = 86.3%

Ht Wt Fit SE Fit

75.0 184.00 188.47 4.59

69.0 162.00 149.08 5.02

74.0 162.00 181.91 4.18

78.0 200.00 208.17 6.49

80.0 240.00 221.30 8.05

(a) Calculate the 90% confidence interval for

the slope of the population regression line.

(b) Calculate the 90% confidence interval for

the mean weight of players who are 78

inches tall.

(c) Tamera Young is a WNBA player and is

74 inches tall. Calculate the 90% predic-

tion interval for her weight.

17. Bob’s IPOD music collection consists of two

categories of music: 300 rap and 700 easy lis-

tening. When a rap [easy listening] song begins,

there is a 20% [60%] chance that Baby Roger

will start to dance.

Baby Roger hits the random select button,

which selects one song at random from the

1,000 available.

(a) What is the probability that Baby Roger

will start to dance when he hears the be-

ginning of the song?

(b) Given that Baby Roger does not start to

dance at the beginning of the song, what

is the probability the song is rap?

Use the table below to solve problem 18.

Binomial Probabilities for n equal to 15

p = 0.20 p = 0.25 p = 0.30
x P (X = x) P (X = x) P (X = x)

0 0.0352 0.0134 0.0047
1 0.1319 0.0668 0.0305
2 0.2309 0.1559 0.0916
3 0.2501 0.2252 0.1700
4 0.1876 0.2252 0.2186
5 0.1032 0.1651 0.2061
6 0.0430 0.0917 0.1472
7 0.0138 0.0393 0.0811
8 0.0035 0.0131 0.0348
9 0.0007 0.0034 0.0116
10 0.0001 0.0007 0.0030
11 0.0000 0.0001 0.0006
12 0.0000 0.0000 0.0001

Sum 1.0000 0.9999 0.9999

18. In Section 12.5.3 of the Course Notes I intro-

duced you to Zener cards, which are used to test

for ESP. As discussed in the Course Notes, this

leads one to a test of p versus a one-sided alter-

native.

This question generalizes the material in the

Course Notes. Be careful when you answer the

parts below, as the value of p changes.

Above are three sampling distributions for X,

the total number of successes in n = 15
Bernoulli trials, for three selected values of p.
Please note the following.

• Before you proceed to the questions be-

low, make sure you know how to read this

table. For example, P (X = 3) is: 0.2501
if p = 0.20; 0.2252 p = 0.25; and 0.1700

if p = 0.30.
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• The entries for P (X = x) are 0.0000 for

x ≥ 13 and are not presented in the table.

• There is a small amount of round-off er-

rors in this table, as evidenced by two of

the sums of probabilities being 0.9999 in-

stead of the correct 1.0000. You may ig-

nore this discrepancy.

(a) I want you to find the critical region for the

test of the null hypothesis p = 0.25 versus
the alternative p > 0.25. I want your value
of α to be smaller than 0.10, but as close

to 0.10 as possible.

(b) What is your value of α for the critical re-

gion you found in (a)?

(c) For the null hypothesis p = 0.20, I chose
the critical region: (X ≥ 6) What is the

value of my α?

(d) For my critical region in part (c), what is

the power of my test for p = 0.30?

19. Jane observes a Poisson Process for 12 hours

and counts a total of 960 successes.

Let λ denote the rate per hour for the Poisson

Process.

Use Jane’s data to obtain the approximate 95%

confidence interval estimate of λ.

20. Refer to the previous problem. Next Monday

Maura plans to observe Jane’s process for nine

hours.

Use Jane’s data to calculate the 90% prediction

interval for the number of successes that Maura

will obtain.

21. Vince observes a Poisson Process for ten min-

utes and counts five successes. With the help

of a website, Vince finds that the exact upper

80% confidence bound for the rate per minute

is 0.7906.

Sean observes 800 Bernoulli trials and counts a

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

the approximate upper 80% confidence bound

for Sean’s p.

22. Milt observes 200 dichotomous trials and

counts a total of 72 successes. Later Milt de-

cides to observe an additional 300 dichotomous

trials from the process that generated the first

200 observations.

Milt decides to use one of our Chapter 14 for-

mulas to predict the total number of successes

in the 300 future trials.

(a) What assumptions must Milt make about

the process in order for his formula to be

valid. Be specific.

(b) Calculate Milt’s 80% prediction interval

for the total number of successes in the

300 future trials.

23. Below is the table of population counts for a dis-

ease (A means present) and its screening test

(B means positive). Write your answers be-

low as: a ratio, for example, 63/482; or as a

decimal with three digits, for example 0.131.

B Bc Total

A 280 40 320
Ac 80 2400 2480

Total 360 2440 2800

(a) What proportion of the population would

receive a false positive test result?

(b) Of those in the population who would re-

ceive a correct test result, what proportion

would obtain a correct negative?

(c) Of those in the population who would test

positive, what proportion actually has the

disease?

(d) Of those in the population who would test

negative, what proportion has the disease?

(e) What proportion of the population: has the

disease or would test positive?

24. Raymond wants to compare the heights, in cen-

timeters, of two populations of women. He se-

lects independent random samples of size n1 =
n2 = 15 from the populations and obtains the

summaries given below.

x̄ = 164.00, s1 = 5.78, ȳ = 162.00
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and s2 = 5.02.

Tom takes the same data and forms pairs based

on the women’s weights: i.e., the lightest

woman from each sample form the first pair; the

second lightest woman from each sample form

the second pair; and so on. With his method,

Tom reports that the correlation coefficient of

the two heights [weights] for his 15 pairs is

r = 0.400 [r = 0.700].

(a) Raymond analyzes the data as indepen-

dent random samples. Find his 90% con-

fidence interval for µ1 − µ2.

(b) Tom analyzes the data as a random sample

of pairs. Find his 90% confidence interval

for µd = µ1 − µ2.

(c) Whose analysis do you prefer; Raymond’s

or Tom’s? Explain your answer.

25. Twenty researchers select random samples from

the same population. Each researcher com-

putes a confidence interval for the mean of the

population. Thus, each researcher is estimat-

ing the same number. Unfortunately, the lower

and upper bounds of the 20 confidence intervals

became disconnected. The 20 lower bounds,

sorted, are below.

235 333 347 355 366

379 386 393 398 439

451 468 479 490 495

502 504 507 526 534

The 20 upper bounds, sorted, are below.

511 522 543 549 584

588 610 619 633 659

689 701 711 734 740

759 766 852 956 979

(a) Given that µ = 512: How many of the

confidence intervals are too small? How

many are too large? How many are cor-

rect?

(b) Suppose we are told that exactly three of

the intervals are too small. Determine all

possible values of µ.

(c) Suppose we are told that at most four of

the intervals are too large. Determine all

possible values of µ.

26. Tommy observes n = 39 i.i.d. trials from an un-

known pdf. Tommy’s sorted data are presented

below.

103 111 115 118 123 124 128

129 132 135 137 145 146 148

151 154 155 157 158 159 163

166 170 173 178 181 190 200

211 213 216 222 229 231 236

243 247 248 263

Hint: The mean [standard deviation] of these

data is 172.00 [44.57].

(a) Calculate the approximate 90% confi-

dence interval for the median, ν, of the

unknown pdf.

(b) Skylie calculates a confidence interval for

the median of the unknown pdf. Given

that the width of her interval is 55, deter-

mine its endpoints.

(c) Franky calculates the approximate 70%

confidence interval for the median of the

population. The lower bound of his in-

terval is 154. Calculate the upper bound

of his interval. If this is impossible, write

‘impossible.’

(d) I plan to observe one future trial from the

same pdf that is independent of the previ-

ous 39 trials. I state,

I decide on a prediction inter-

val and, after plugging Tommy’s

data into it, I get the answer

181 ± 66.

What is the level of my prediction inter-

val?

27. Mona shoots 200 pairs of free throws, obtaining

the following results.

• For 100 pairs of shots, she makes (S) both

free throws.
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• For 40 pairs of shots she misses (F) both

free throws.

• She makes 70% of her second free throws.

Use this information to complete the following

table.

First Second Shot

Shot S F Total

S

F

Total

Mona’s friend Nancy also shoots 200 pairs of

free throws; Nancy’s data are presented below.

First Second Shot

Shot S F Total

S 40 60 100

F 90 10 100

Total 130 70 200

(a) Assume that we have i.i.d. trials of paired

data. Compute the 90% CI that compares

Nancy’s ability on the first and second

shots.

(b) Now assume that we have 200 Bernoulli

trials of first shots and 200 Bernoulli trials

of second shots and that the two sets of

trials are independent. With this set-up,

Nancy’s data can be summarized as 100

[130] successes and 100 [70] failures on

her first [second] shots.

Calculate the 90% CI for p1 − p2.

(c) Compare your answers in (a) and (b).

Which analysis do you believe is better?

Briefly explain why.

28. Each member of a population has two dichoto-

mous features. Below is a table of population

counts, in thousands, for these two features.

B Bc Total

A 200 300 500

Ac 100 400 500

Total 300 700 1000

Eli selects a random sample from this popula-

tion, but I am not going to tell you its type—1,

2 or 3. Eli obtains the data given below.

B Bc Total

A 80 120 200

Ac 20 80 100

Total 100 200 300

Nature announces, “Eli has obtained a repre-

sentative sample.” Recall this means that his

data proportions match the population propor-

tions for Eli’s method of sampling.

Which type of sampling did Eli use? To receive

credit you must (briefly) justify your answer.

29. Finally, the sports team of city C has made it to

the championship game. For the sake of this

question, let’s pretend that the probabilities I

give are accurate.

The probability that the team from city C will

win its game is 0.60. If the team wins, the prob-

ability of a celebratory riot is 0.70. If the team

does not win, the probability of an anger riot is

0.25.

Use these probabilities to answer the following

questions.

(a) What is the probability that there will be a

riot in city C?

(b) Given that there is no riot, what is the

probability that the team of city C won its

championship game?
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Below is edited Minitab output for a regres-

sion analysis on n = 15 cases selected at ran-

dom from a population of cases. You will need

this information to answer problems 30–34 be-

low. Note that I am not giving you the value of

the intercept of the regression line.

The regression equation is

ŷ = b0 + 4.95x.

Coef SE Coef

4.95 1.325

S = 14.61 R-Sq = 51.8%

X Y Fit SE Fit

60 194 185.23 8.32

62 206 195.12 6.08

64 190 205.02 4.33

66 210 214.91 3.81

68 242 224.81 4.93

70 242 234.70 6.94

30. Determine the numerical value of b0.

31. A case in the data set (not shown above) has

x = 65. Calculate the value of ŷ for this case.

32. Calculate the 95% confidence interval for the

slope of the population regression line.

33. Obtain the 90% confidence interval for the

mean response given X = 70.

34. A future case is selected at random from the

population and is found to have X = 68.

Calculate the 95% prediction interval for the

value of Y for this case.

35. You are given the following information about

a regression analysis.

x̄ = 120 and ȳ = 160.

A particular case in the data set has

x = 100, y = 210 and e = −10.

Calculate the equation of the regression line.

36. Stuart performs a randomized pairs design with

four pairs of subjects: Leonard and Penny;

Sheldon and Amy; Raj and Emily; and Howard

and Bernie.

Stuart makes a mess out of his data and has only

the following information.

• Amy, Bernie, Emily and Leonard were as-

signed to treatment 1.

• The responses include: Penny, 5; Amy,

12; Raj, 10; and Bernie, 18.

• Stuart recalls that d̄ = 3 and, interest-

ingly, sd = 0. (Stuart followed our usual

practice, namely: the responses on treat-

ment 1 are denoted by x’s and the d’s (dif-
ferences) are the x’s minus the y’s.

As much as possible, complete the following ta-

ble of responses for the subjects. I have gotten

you started by entering a few values for you.

Subject Treatment Response

Amy 1 12

Sheldon 2

Penny 2 5

Leonard 1

Bernie 1 18

Emily 1

Raj 2 10

Howard 2
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37. An observational study yields the following col-

lapsed table.

Group S F Total

1 7 7 14

2 4 6 10

Total 11 13 24

(a) Below are two partial component tables

for the above data. Complete these tables

so that Simpson’s Paradox is occurring.

Be careful: There are 15 empty spaces

in the two tables below; you must place a

number in each space to receive full credit.

Subgroup A

Group S F Total

1

2

Total

Subgroup B

Group S F Total

1

2 2 0 2

Total

Complete the above tables so that Simp-

son’s Paradox is occurring. (Note: There

are several correct answers. I want only

one from you.)

(b) Now change the second component table

to the following:

Group S F Total

1

2 1 1 2

Total

Explain why Simpson’s Paradox cannot

occur. Be explicit.
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