»  Confidence intervals provide additional information that significance tegy 18,

do not—namely, a set of plausible v:
p. Atwo-sided test of Hy: p = py at significance level o gives roughly the same
001 = a)% umhdaﬂu} interval.

conclusion

®  'The power of a significance test against a specific alternative is the probabil.
ity that the test will reject Hyy w hcn the alternative is true. Power measures the
ability of the test to dctect an alternative value of the parameter. For a specific
alternative, P(Type Il error) = 1 — power.

> There is an important link between the probabilities of Type I and Type I
error in a significance test: as one increases, the other decreases.

®  We can increase the power of a significance test by increasing the sample
size, increasing the significance level, or increasing the difference that s in
portant to detect between the null and alternative parameter values.

9.2 TECHNOLOGY
CORNER

18. One-proportion z test on the calculator

vasa 10(

alues for the true po;mlafé(m parameter

page 561 |

In Exercises 31 and 32, check that the conditions for
carrying out a one-sample z test for the population
proportion p are met.

31. Home computers Jason reads a report that says

: 80% of U.S. high school students have a computer
at home. He believes the proportion is smaller than
(.80 at his large rural high school. Jason chooses an
SRS of 60 students and records whether they have a
computer at home.,

32, Walking to school A recent report claimed that 13%

. ( .
of students typically walk to school. ! DeAnna thinks
that the proportion is higher than 0.13 at her large
elementary school, so she surveys a random sample
of 100 students to find out.
In Bxercises 33 and 34, explain why we aren’t safe
carrving out a one-sample = test for the population
proportion p.

33. Do test You toss a coin 10 times to pcrfon'i a test

n‘fH‘M) = (1.5 that the coin is balanced against
Hoop=15
34, Mo test A college president savs, "99% of the alumm

support my frmﬂ of Coach Boges.” You contact an

Z(a

~—

SRS of 200 of the COHCGC% 15,000 living alumni to "
perform a test of Hy:p = 0.99 versus H,: p < 0. 99,

Home computers Refer to Exercise 31. In Jason's
SRS, 41 of the students had a computer at home.

Calculate the test statistic
Find the P-value using Table A or technology. Sho?
this result as an area under a standard Normal cury
Walking to school Refer to Fxercise 32, For
L)G;\Hlld ssurvey, 17 students in the sample said th
typically walk to school.

Calculate the test statistic.
Find the P-value using Table A or te chnology: Shor

this result as an area tmdm a standard ;\nrmai cu

Significance tests A test of Hy: ;) = {).5 versus
F, . p > 0.5 has test statistic £ = 2.19.

L o oot
What conclusion would vou draw at the 5% s

cance level? At the 1% level?

If the alternative "

hypothesis were H
) ; . = 0 ol

wchusion would vou drasw at the 5% significal

7

"

Atthe 17 level?

1



gnificanice tests Afestof Hyrp = (.65 against

Sigr
H,:p < 0.65 has test statistic £ = =175,

—
=
A

What conel nwould vou draw a

A
L
JQ
l

cance icx'c} At t’lw 1% level?

If the alternative h\'poihesis were H o p # 0.65, what
conclusion would you draw at the 5% significance

level? At the 1% level?

Better parking A local high school makes a change
that should improve student satisfaction with the
parking situation. Before the change, 37% of the
school’s students approved of the parking that was
provided. After the change, the principal surveys an
SRS of 200 of the over 2500 students at the school.
Inall, 83 students say that they approve of the new
parking arrangement. The principal cites this as
evidence that the change was effective. Perform a test
of the principal’s claim at the a = 0.05 significance
level.

Side effects A drug manufacturer claims that less
than 10% of patients who take its new drug for treat-
ing Alzheimer’s disease will experience nausea. To
test this claim, researchers conduct an experiment.
They give the new drug to a random sample of 300
out of 5000 Alzheimer’s patients whose families have
given informed consent for the patients to participate
in the study. In all, 25 of the subjects experience
nausea. Use these data to perform a test of the drug
manufacturer’s claim at the o = 0.05 significance
level.

Are boys more likely? We hear that newborn babies
are more likely to be boys than girls. Is this true? A
random sample of 25,468 flrshom children included
13.173 hoys, !

3,173 boys.

Do these data give convincing evidence that firstborn

children are more likely to be boys than girls?

To what population can the results of this study be
generalized: all children or all firstborn children?
Justify your answer.

Fresh coffee People of taste are supposed to
prefer fresh-brewed coffee to the instant variety,
On the other hand, perhaps many coffee drinkers
just want their caffeine fix. A skeptic claims that
only half of all coffee drinkers prefer fresh-brewed
coffee. To test this claim, we ask a random sample
of 50 coffee drinkers in a small city to take part in
astudy. Fach person tastes two unmarked cups—
One containing instant coffee and one containing
fresh-brewed coffee —and savs which he or she
prefers. We find that 36 of the 50 choose the fresh
coffee

L[
e

Do these results give convinc

drin

ikers favor fresh-brew

e that co

e

{(b) We presented the two cups to each coffee drinker in
a random order, so that some pcop] tasted the fresh
coffee first, while others drank the instant coffee first.

Why do vou think we did this?

Bullies in middle school A University of [Hlinois
study on aggressive behavior surveyed a random
sample of 558 middle school students. When asked
to describe their behavior in the last 30 days, 445
students said their behavior included physical ag-
gression, social ridicule, teasing, name-calling, and
issuing threats. This behavior was not defmcd as
bullying in the qucstionnair&12 Is this evidence that
more than three-quarters of middle school students
engage in bullving behavior? To find out, Maurice
decides to perform a significance test. Unfortunately,
he made a fe\& errors along the way. Your job is to
spot the mistakes and correct them.

Hyp =075
H,:p > 0.797

i
WA

where p = the true mean proportion of middle school
students who engaged in bullying.

¢ Arandom sample of 558 middle school students was

surveyed.
e 558(0.797) = 444.73 is at least 10.
0.75 = 0.797 . .
= ;—L = —2.46; Pvalue = 2(0.0069) = 0.013§
V0.797(0.203)
445

The I)T()bdb}] ity that the null h\'pothesix is true is
only 0.0138, so we reject Hy. This proves that more
than tlnce— quarters ()f the school engaged in bullying
behavior.

44. TIsthis coin fair? The French naturalist Count
Buffon (1707-1788) tossed a coin 4040 times. He
got 2048 heads. That's a bit more than one-half,

Is this evidence that Count Buffon’s coin was not
balanced? To find out, Luisa decides to perform

a significance test. Unfortunately, she made a few
errors along the way. Your job is to spot the mistakes
and correct them.

Hy:pe > 0.5
H, ¥ =05

® 10%: 4040(0.5) = 2020 and 404001 = 0.5) = 2020
are both at least 1

8

Large Counts: There are at least 40,400 coins in the

040
Reject Hy, because the Povalue is so large and

conclude that the coin is fair,



46.

49.

Al

A state’s Division of Motor Vehicles
’l\\l\ claims that 60% of teens pass their driv-
ing test on the first attempt. An investigative
reporter examines an SRS of the DMV
for 125 teens; 86 of them passed the test on their
first try. Is there convincing evidence at the a =
0.05 significance level that the DMV's claim is

records

mcorrect?

We want to be rich In a recent year, 73% of first-
vear college students responding to a national survey
identified “being very well-otf financially” as an
important persona] goal A state university finds that
132 of an SRS of 200 of its first-year students say that
this goal is important. Is there convincing evidence
at the o = 0.05 significance level that the proportion
of all first-year students at this university who think
being very well-off is important differs from the
national value, 73%7?

Teen drivers Refer to Exercise 45,

Construct and interpret a 95% confidence
interval for the proportion of all teens in the state
who passed their driving test on the first attempt.

Explain what the interval in part (a) tells you about

the DMV’s claim.
We want to be rich Refer to Exercise 46.

Construct and interpret a 95% confidence interval
for the true proportion p of all first-year students at
the university who would identify being well-off as an
important personal goal.

Explain what the interval in part (a) tells you about
whether the national value holds at this university.

Do you Tweet? In early 2012, the Pew Internet
and American Life Project asked a random sample
of U.S. adults, “Do yvou ever . . . use Twitter or
another service to share updates about vourself or
to see updates about others?” According to Pew,
the Icsuhmcr 05% confidence interval is (0,123,
0177 Dou this interval provide convincing
C\‘ldencc that the actual proportion of U.S. adults
who would say they use Twitter differs from 0.167
Justify vour answer.

Losing weight A Gallup Poll found that 59% of the
id “Yes” when asked, “Would
vou like to lose weight?” Gallup announced:
results based on the total s sample of national adults,

% confidence that t } h.ll”iil of
* Does

dence 1 at the
Id

people in its sample sa
“For

one can say with L)w
e\dmpmw error

this interval pl'()’x'ld(‘ convincing ev

;)u(v ntage prm

actual proportion of U5, ad tults who woulc say the
g £

want to lose \wight differs from a} 557 Tushfy vour

ATISWET.

A

f—

{

Teens and sex

The Gallup Youth ‘m“u asked g
random sample of U5, teens aged 13 to 17

;
they thought that voung people should wait to have

sex until marriage.”” The Mimit b output below
shows the Juults of a significance testand a 95%

confidence interval based on the survey data.

) Identify two ways to increase the power in part b

Define the parameter of interest.

Check that the conditions for performing the signifi-
cance test are met in this case.

Interpret the P-value in context.

Do these data give convincing evidence that the
actual population proportion differs from 0.57 Justi
your answer with appropriate evidence.

Reporting cheating What proportion of students
are willing to report cheating by other students? A
student project put this question to an SRS of 172
undergraduates at a large university: “You witneéss
two students chezlting o1 a quiz. Do you g6 to the
professor?” The Minitab output below shows the
reqults of a significance testand a 95% confidence
interval basc,d on the survey data.!®

Define the parameter of interest.

Check that the conditions for performing the sigi?
cance test are met in this case.

Interpret the P-value in context.

Do these data give convincing ev idence hat the at
tual population proportion d]ﬂcxs from 0.157 ]mn{‘

vour answer \\lﬂ Jppmpndtc (.\idt’ll{&

Better parking Refer to Bxercise 3 39,

Describe a Type [ error and a Type [T error iy this
setting, and explain the consequences of each.

The test has a power of (.75 to detect th

Explain shat this means.



Side effects Refer to Exercise 40

Describe a Type | error and a Type 1 error in this
setting, and explain the consequences of each.

Explain what this means.
Identify two ways to increase the power in part (b).

Error probabilities You read that a statistical test at

the probabilities of Type I and Type I errors for this
test?

Error probabilities You read that a statistical test
at the a = 0.01 level has probability 0.14 of making
a Type IT error when a specific alternative is true.
What is the power of the test against this alternative?

 Power A drug manufacturer claims that fewer than
10% of patients who take its new drug for treating
Alzheimer’s disease will experience nausea. To test
this claim, a significance test is carried out of

Hy:p = 0.10
H,:p < 0.10

You learn that the power of this test at the 5% signifi-
ance level against the alternative p = 0.08 is 0.29.

Esplain in simple language what “power = 0.29”
eans in this setting,

Tou could get higher power against the same
alternative with the same a by changing the
_mumber of measurements you make. Should vou
_make more measurements or fewer to increase
ower? Explain,

fyou decide to use a = 001 in place of & = 0.05,
ith no other changes in the test, will the power
Hierease or decrease? Justify your answer.

fyou shift your interest to the alternative p = 0.07
with no other changes, will the power increase or
ferease? Justify vour answer.
Vhat is Power? You manufacture and sell a liquid
miiuc:t whose electrical conductivity Is supposed to
)111:011 plan to make six measurements of the con-
?‘x(;t;;it()f each lot of pmf]uc?. If the product mects
. fatons, the mean of many measurements will
> You wil] therefore test

!r‘jmi/l - S
Hoop=5

0.

I e o . . .
He conductivitv is 5.1 the Hiquid is not suit-

OU frbme 1 .

. 8 intended use. You learn that the power
st ot . Ty Ce . i

o stat the 59 significance level against the

e Jo= -

S 1is023

The test has a power of (.54 to detect that p = 0.07.

significance level o = 0.05 has power 0.78. What are

=10).23"

X L ) oo what “nower
{a)  Bxplain in simple langnage what “power

means in this setiing.

B 3 . ST o] he o > Alerna-
(b) You could get higher power against the same 15{;111 !
tive with the same a by changing the number o
measurements vou make. Should vou make more

measurements or f@\\'Cl‘ to merease p()\\{‘l'f

(¢) Ifyou decide to use v = 0.10 in place of & = 0105,
with no other changes in the test, will the power
increase or decrease? Jushfy your answer.

A ‘ ' R

(d) If you shift your interest to the alternative 1 = 5.2,
with no other changes, will the power increase or
decrease? Justify vour answer.

Multiple choice: Select the best answer for Exercises 59
to 62.

59.  After once again losing a football game to the ‘
archrival, a college's alumni association_C‘onducted
a survey to see if alumni were in favor of firing the
coach. An SRS of 100 alumni from the Population '
of all living alumni was taken, and 64 of the alumni
in the sample were in favor of firing the coach. Sgp-
pose vou wish to see if a majority of living a]gmm
are in favor of firing the coach. The appropriate test

statistic is

0.64~105 0.64— 05
(3) s ——— (d) = T
[0.64(0.36) 0.64{0.36)
N 100 T 64
0.64 — 0.5 0.5 — 0.64
by e=-0A200 D
/().64(0,%6‘; 0.5(0.5)
AT AT
0.64-105
(C) =

/o.sm.>>
Vo100

60. Which of the following is not a condition for '
performing a significance test about a population
proportion p?

(a) The data should come from a random sample or

randomized experiment.

(b) Both npyand n(1 - p) should be at Jeast 10

. - X i R DN b a

() Hvouare sarmpling without re placement irom a
finite population, then vou should sample no more

than 10% of the population.

(d) The population distribution should be approximately
Normal, unless the sample size is large.

ey Al of the above are conditions for perfornung a

f ‘
significance test about a population proportion.
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61, The z statistic for a test of H,, vp = 04 versus Describe the shape, center, and ;\ppw d of the
Hop # 041052 = 243 This test i distribution of the random a‘;arig} le X-Y W hat ¢
i ) o the importance of this randorn var; {12 le to the Cn
; o 15 e at either = { r = {}j{ .
{a) motsignificant at either o = .05 o a o= .01, manufacturer?
(b) significant at o = 0.05 but not at ¢ = (.01 (b) Compute the probability that a ra indomly selecteg
(c) signiticantat v = 0.01 but notat o = .05, CD will fit inside a randomly selected case.
(d) significant at both v = 0.05 and @ = 0.01. (c) ’H 1e production process actually runs in | batches
o lusive | e we don't know the val o 00 CDs. If each of these CDs is paired with arap
(e) inconclusive because we don’t know the value of b. lomlx chosen plastic case. find the probability fhy
62. Which of the following 95% confidence intervals all the GDs fit in their cases,
would kédj(l;s to]m}gi/t 1%.[“:‘/‘){4: U )()Im' f]a;'or of 64. Cash to find work? 1+ 2. Will cash bonuses spee
Haip # 030 at the 5% significance level: the return to work of uncm] ployed people? The I
(a) (0.19,0.27)  (c) (0.27, 031)  (e) None of these linois Department of Em )1()\1mnt Security desngn
; ) an experimnent to find out. The subjects were 160
7 2 7 2
(b) (0.24,0.30)  (d) (0.29,0.38) people aged 20 to 54 who were fxlmo claims for
63. Packaging CDs (4.2, 5.3} A manufacturer of unemp lm ment insurance. Some were offered $50
- compact discs (CDs) wants to be sure that their CDs if they found a job within 11 weeks and held itlor
will fit inside the plastic cases they have bought least 4 months. Others could tel] potential empl
for packaging. Both the CDs and the cases are that the state would pay the employer $500 for hin
circular. According to the supplier, the plastic cases them. A control group got neither kind of bonus,
— 7 e . . R
vary Normally Mth mean diameter 1 = 4. mEth (a) Describe a completely randomized design for this
and standard deviation o = 0.05 inches. The C.D D ‘ expetiment i ~
manufacturer decides to produce CDs with mean
diameter ;1 = 4 inches. Their diameters follow 4 (b)  How will you label the subjects for random assign-
Normal distribution with o = 0.1 inches, ment? Use Table D atline 127 to choose the hrst3
subjects for the first treatment.
(a) Let X = the diameter of a randomly selected CD

and Y = the diameter of a randoml selected case. (e} Explain the purpose of a control group in this setting

TYOUWILL LEARN By the end of the o ection, you should be able to:

(AR )

ack the Random, 10%, and Norma#/Large @ Use a confidence interval to draw a conclusion for a
*for performing a significance test two-sided test about a population N parameter,
’ = Perform a significance test about a mean difference
*a population mean. using paired data.
., . N .
\\\N e mtervals and sig gnificance tests for a population proportion p are
™~ :‘x'uium from t h

he standard \Yn‘zml distribution. Inference abou
ation mean g uses a ¢ dut ibutio -

v = 1 degrees of freedom
.in HlL rare case when the p(;puiah(m sta !da‘l deviation o is known.
earned }mxi‘ to construct confidence ’u& s for a pop ulation mean in ;
ton 8.3 Now we'll examine the deta)

STmean 14

2 (‘ SERRD) ;H?(?Ug gl pr}m!f&'




