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SECTION 8.2 m Formulating Hypotheses and Setting Up the Rejection Region

M3 nght-tiiled test is rejected at the 1% level of signili-
cance, do we need L testat the 3% level ol signilicanee?
Why?!

11 the nul! hypolhesis is not rejected, does that wmply that it
s true? Explain.

Learning the Mechanics
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Consider a test of ;g = 5. In cach ol 1he following cases,
give the rejection region for the test in terms of the S-statistic:
a fHop =5 a= 10

be Hop >3 0 = ()

e Hlop <5 0= 0]

e Hop # S.0= 10

For cach of the following rejuction regions, skewch the
simpling distribution for 2 and indicate the loeation ol the
rejection region.

a. - > 1Y6
b, = = 1.643
. T > 2575
d. o= =12
¢. -~ =l6dforz > LAd3
[. - < -25750rz > 23575

g. For cach of the rejection regions specilied in parts a<I,
whart is the probability that a Type T error will be made?

© Applet Fxercise 8.1
Use the applet eatitied Hvpotheses Test for a Meat wonvestigate
the frequency of Type 1 and Type B errors. For this exercise, use

n

L0 and the normal distribution with mean 530 and standard

deviabion My

a. Set the null mean equal to 50 and the alticrnative 10
nert equial. Run the applet one time, How many times
was the null hypothesis rejected at level 037 In this
case, the nuli hypothesis is true. Which 1ype of error
veeurred cach time the true null hypothesis was re-
jected? What is the probability of rejecting a true null
hypothesis at level 057 How does the proportion of
times the null hypothesis was rejected compare with
this probabifity?

Clear the applet, then set the null mean equal to 42 and
keep the alternative at nor equal. Run the applet one
time, How many times was the null hypothesis nor re-
jected at level 057 Tn this case. the null hypothesis is
false. Which type of error occurred cach tme the null
lypothesis was qer rejected? Run the applet several
more limes without clearing, Rased on vour resuits,
what can you conctude about the probability of Gailing
to reject the noll hepothesis for the given conditions?

b

Applying the Concepts —Basic
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Walking to improve health. In o study investigating
a link between walking and improved health (Sociaf
Science & Medicine, Apr. 2014), researchers reported
that adults walked an average of 3.5 dayvs in the past
maonth for the purpese of health or reereation. Specily
the null and alternative hypotheses for wsting whether
the true sverage number of days in the past mooth that
adults walked Tor the purpose of health or recreation is
lower than 3.5 days,

Americany’ fuvorite spoetl. The Harris Poll (IDee. 2013)
conducted an online survey of  American adults o

8.12

814

815
Nw

407

determine their Givorite sport, Your friend believes pro-
fessional (NI-L} Tootball is 1the Gavorite sport for 45% ol
American adults, Specily the nulland alternative hypoth-
eses for feshmg 1his beliel. Be sure toadentify the paramce-
ter of interest.

Infunts' listening time, Roesearchers writing in Analvas of
Verbal Beltvior (Dec. 2007) reported that the mean lis-
tening time of Loe-month-old infnts exposed to nonmean-
inglul monosyllabic words (e.g., “gill.” “cham,” “gack™) is
8 seconds, Scetup the null and alternative hypotheses for
testing the claim.

Play Golf Americs program. In the Play Goll America pro-

wram, leaching professionals al participating goll chubs pro-

vide a free 10-minute lesson to new customuers. According

1o the Professional Gaoll Associdion 1PGA), golt facilitics

thal participale in the program gain, on average, $2400 40

green fees, lessons, or cquipment expenditures. A teaching

prafessional at o golf club behieves that the average pain in

green fees, lessons, or cquipment expenditures for partici-

pating golf Tacilities exceeds $2.400

. Jnorder to support the claim made by the weaching pro-
lessional, what ol and alternative hypotheses shonld
yau lest?!

h. Suppose vou select «e = 05, Interpret this value in the
words of the problem.

e, For o = 05, specily the rejection region of o large-
sample test,

Effectiveness of online courses. The Sloan Sunvey of

Online Learning, “Going the Distance: Online Education

1 the United States, 20007 reported that 68% of college

presidents believe that their online educition courses are

as good as or superior o caurses that wtilize traditional

face-to-face instruction,

w. Give the null hypothesis for testing the clanm made by
the Sloan Survey.

b, Give the rejection region for o two-tailed test using
a = (M

DNA-reading tool for quick identilication ol species. A
biologist and a zoologist at the University of Florida were
the first scientists (o test the elfectiveness of a high-tech
Bandheld device designed 1o instantly identify the DNA of
an animal species (PLOS Biofogy, Dec. 20050, They used
the DNA-reading deviee on tissue samples collected Irom
muoltusks with brighily colored shells, The seientists discov-
ered that the ervor rate of the deviee is tess than 3 percent.
Set up the nulland altermative hypotheses as il you want 1o
support the findings,

Applying the Concepts—Inte
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Calories in scbhool Junches. India’s Mid-Dav Meul scheme

mandates that high schools thar are part of this scheme

must serve funches that contain at Teast 700 calories and

20 grams of protein. Suppose o autrinonist believes that

the true mean number ol calorics served at lunch at all

high schools that are part of this scheme is less than 700

calories,

a. Identify the parameter of interest,

b. Spealy the nuell and alicrsdive hypotheses lor tesune
this clanm.

¢ Deseribe o Tvpe Terror in the words of the problem.

d. Duoseribe alType T eror in the words of the problem,
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CHAPTER 8 = Inferences Based on a Single Sample

When publishing the results of a statistical test of hypothesis in journals, case Sty
les, reports, and so on. many rescarchers make use of p-values. Instead of selecijp
beforchand and then conducting a test, as outlined in this chapter, the rescarcher con
putes (usually with the aid ol a statistical soltware package) and reports the value of
appropriate test statistic and its associated p-value. 1t is left to the reader of the re At
Lo judge the significance of the result (i.c.. the reader must determine whether to rejeg
the null hypothesis in favor of the alternative hypothesis. based on the reported p-va|ye
Usually, the null hyputhesis is rejected il the observed significance level is fess than t,
lixed significance level, ee.chosen by the reader. The inherent advantage of reporting e,
results in this manner is twofold: (1) Readers are permitted to select the maximum valy
of « that they would be willing to tolerate if they actually carried out a standard test ¢
hypothesis in the manner outlined in this chapter. and (2) 4 measure of the degree ¢
significance of the result (i.e.. the p-value) is provided,

Ethics IN Statistics
Selecting the value of « after
computing the observed
significance level (p-value} in

order to guarantee a preferred

conclusion is considerad

unethical statistical practice.

Reporting Test Results as p-Values: How to Decide Whether to Reject H,
L. Choose the maximum value of o that you are willing to tolerate.
2. I the observed significance fevel (p-vitlue) of the test is less than the chosen
valuc of . reject the null hypothesis. Otherwise, do not reject the null hypothesis,

Note: Some statistical sofiware packages (v.g.. SPSS) will conduct only two-tailed tesg

of hypothesis. For these packages, you obtain the p-value for a one-tailed test as show

in the box:

Converting a Two-Tailed p-Value from a Printout to a One-Tailed p-Value

Reported p-value

r -

-.{”;. is of form > and 2 is positive
Hyis of form < and : is negative

=1 (churlcd p-value ) . {H;, is of form > and z is negative

Exercises 8.22-8.30

H,is of form < and 2 is positive

826 Ina test of Mg = 100 against H:p = 10, the sampl
822 Consider the test of Hyp = 7. For each of the following, data vielded the tst statistic = = 2.17. Find and inierpre!
find the p-value of the test: the p-value for the test. -«
w Heop>7:2=120 wlh 827 Inatest ol the hypothesis Hyp = 10 versus H,p = 10
b Hpyp <7,7= =120 oup asample ol n = 50 observations possessed mean v = 107
e Hyop =7 :=120 «ie and standard deviation s = 3.1, Find and interpret the
823 Il hypothesis test were conducted using o = 05, for which of prvalue fur this st 50 e
the lollowing p-values would the null hypothesis be rejected? 828 Inaest ol My = 100 against F:p = 100, the sumple
w06 b, .10 nw,  data viclded the test statistic 2 = 2,17, Find the pevalue for
. Al d. 001 the test, o2
e 251 (04— 8.29 Inatest of Hypp = 75 performed using the computer.
8.24 For each o and observed signilicance level {p-value) pair, SPSS reports a twodtailed povalue of 1032, Make
indicate whether the null hypothesis would be rejected the appropriate conclusion for cach of the following
e o = 05 pevalue = 1) S situations:
b« = 10 pvalue = 057 D o Hop <75, 2= =103, = 05
¢ oo = Ol pvalue = 001 ool b Hyp <75 :=-163.0 =10
d. o = 025 pvalue = .05 g e Hop >757= 163 a= 10
e w = 10 p-value = 45 SN o Hop 2730 = =Loda = A1
825 Inatestolthe hypothesis fy g = S0 versus H,p -~ 50,0 83 An analyst tested the null hypothesis g = 20 against the
sumple of 1 = 10 observitions possessed mean © = 49, alternative hypothesis that g < 20, The analyst r.:puri-:d i
and standard deviation s = 41, Find and interpret the pevalue of 06, What is the smallest value of a for which He
p-vitlue for this test. b nuil hypothesis woukd be rejected”?



SECTION 8.5 m Test of Hypothesis about a Population Mean: Student’s t-Statislic

Exercise§ _8.51 -8.72

Understanding the Princ ples

4.51

§.52

When do we use the -test instead of the s-test m small
samples?

What are the assumptions behind o s~test in testing a hy-
pothesis abosut a population mean?

Learmng the Mechanics
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For cach ol the Tollowing rejection regions, sketeh the sam-
pling distribution of r and indicate the location of the rejec-
tion region on your sketelh:

A t o Lodowhere di = 6

b1 =187, where dl = 12

e 2 =200l ore = 2060 whare dl - 25

For each of the rejection regions defined in Exercise 853,
what is the probability that a Type 1 error will be
matle?

A random sample of # observations is selected from a
normal population to wst the nall hypothesis tha g — |5
Specity the rejection region for each of the Tollowing com-
binations of I, «, and

o Hop = 15a= 050~ 16

b, I:p > 150 = 0l:n = 26

e Hiop>15%a= M= 12

do Mpop <1500 = Ol = 15

o Mpop = 5a0= 100 = 22

L fHep < 5o

The following sample ol SiX mcasurements wis rin-

domdy selected Trom g normally distributed population:

2.5.-2,7.2.4

a. lest the null hypothesis thit the mean of the popula-
tion is 2 against the alternative hypothesis, g < 2, Use
o = LS,

b. Test the null hypothesis that the mean of the popula-
Hon is 2 against the alternative hypothesis, g = 2, Use
" 05,

¢ Find the observed significance fevel for cach test.

D5 6

Asumple of Tive mensurements, randomly selecied from a

normally distributed populiation, resulted in the following

summary stalistics: v 485 13

a. Tust the nudl bypothesis tha the mean of the popula-
tion s 6 against the alternative hypothesis, g2 < 6. Use
I A3,

b. ‘Tust the null hypothesis that the mean of the popula-
tiun 1% 6 against the alternative hypothesis, g # 6, Use
o = A,

¢. Find the abserved signilicance level Tor cach test,

Suppose you conduet a s~fest for the null hypothe-

st Mg = L3O versus the alternative  hvpothesis

A = LS00, based ona sample of 17 observations. The

tust results are ¢ = LRY, p-value — 113N,

i What assumptions arc necessary lor the validity ol this
procedure?

b, Interpret the results of the est.

€ Suppose the alternative hypothesis had been the two-
tnled Fipge # LSOO the estatistic were unchanged,
what would the p-value be for this west? Interpret the
p=value for the two-tinled test.

Apptymg 1l
8.59  Lobster trap placement. Reler 1o the HBudfetin of Marine
© Science (Apr. 2000) observational sty of lobster wap
maps  placement by teams tishing for the red spimy lobster in
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Concepls —Basic

Baja California Sur, Mexico. Exercise 741 (p. 3630, Trap
Spacing measurements Gn nieters} for a sample of seven
teams of red spiny Tobster fishermen are reproduced in
the accompanying table. Let porepresent the average
of the trap spacing measurements Tor the population of
red spiny lobstier fishermen fishing in Baja Calitorom
Sur, Mexico. In Exercise 7.4 vou computed the mean
and standard deviation of the sample measurenents to
be ¥ 898 meters and s TLO metas, respectively.
Suppose vou want to determine it the nue value of
differs from 95 melers.

43 Yy 103 i R2 0 Kh

Rasedhom Shasler GG B aplnning cateh setizanon among Baga Calilonin lobsace
Inhers through spnzilanassis o teaps plave et ducisions ™ Balferin of Marie
Scivatee, Nal B N 2 Apil 200000000 1), ppo P10

=

. Specify the null and alternative hypotheses Tor this test,

b. Since v = 829 4 less than 950 a lisherman wants to
rejeet the null hypothesis, What are the problems with
using such adecision rule?

¢ Compule the value of the test statistic.

d. Find the approximate p-value of the test

¢. Scleet o value of -« the probability of o Type T oerpor,
Interpret this vatue in the words of the problem.

[ Crve the appropriate concluston, bascd on Ui results of
parts dand e,

g. What conditions must be satisficd for the Lest results w

be valid!

In xercise 741 vou Tound a 95% conlidence mterval

for ge. Doces the mterval support vour conclusion in

part £

8.60  Music performance anxicly, Reter 1o the British Jonrnal
e of Music Feucauon (Mar. 2014) study of perlormanee
pa anxicty by music students, Exercise 7.37 (p. 362). Recali

that the Performance Anxicty Inventory {PAT} was useel
to measure music perfomunce anxiety on i scale foom 20
to 8t points. The table below gives PAT values for partic-
ipants in cight different studies. A MINITAB printout of
the data analysis is shown.

5 12 51 34 41 43 kL] )

Sowree Patston, T 7 leaching stage Tright? = Tinplicatnos (o music cihuetors
Brosh towrnal oot Mude Fdueation, Vol 3B Noc L 2000 Gulaprcd Trom
Brpure 1)

One-Sample T. PAI

Teat of mu = 40 vs > 40

95% Lower
Variable N MHean 5StDev 5E Mean Bound T B
PAI B 45.63 £.59 2.33 41.21 2.41 0.023
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8.61

8.62

SPIDER

57

Set up the null and alternative hypotheses for deter-

mining whether the meam PAT vidue, g, Tor all similar

stucics of music performance anxicly execeds 40,

1ind the rejection region for the test, part a, using o

¢. Compute the test statistic,

d. State the appropriate conclusion for the test.

What conditions are regquired for the test results 10 be

vatlid!

[ Eocate the pevalue lor the west on the MINITAB print-
out and use il 1o make a conclusion, (Your conclusion
should agree with your answer in part dl.)

¢. How would yvour conclusion change il you used e

05,

e
Dental anxiety stady. Reter o the BMC Oral Health
(Val. v, 2000 stiudy of adults who completed the Dentat
Anxiety Scale. presented in Exercise 5.37 (p. 274). Reeall
that scores range from U (no ansicty) o 25 {extreme ianx-
icty). Summary statistics Tor the scores of 15 adults who
completed the guestionnaire are ¥ = 107 ands = 3.6,
Conduct a test of hypothesis 1o determine whether the
mean Dental Anxiety Scale score for the population ol col-
lege students ditfers from g = 11, Use o« = 05,

Crab spiders hiding on Howers. Reler to the Befravioral
Lvedogy (Jan, 2003) experiment on crab spiders” use of camn-
ouflage to hide from predators (c.g., birds) on llowers, pre-
sented in Exercise 242 (. 793 Researchers at the French
Museum of Natural Hhistory collected a sample of 10 adult
femabe erab spiders, cach sitting on the yellow central part of
o daisy, and measured the chromatic contrast hetween each
spider and the flower, The data (for which higher values indi-
cate a preater contrast, and, presumably, an casier detection
by predators) are shown in the accompanying lable. The re-
searchers discovered that a contrast ol 70 or preater allows
birdds 10 see the spider, O mterest is whether the true mean
chromaltic contrast of crab spiders on dadsies is less than 0.

75 116 37 U 6l 56 2 43 32

Based anThery Mot al “Speeific cofon sensitivities of prey and prodator

wxp!

L

aim carmedlags i dilferent viseal sesenn” Behosresal Ecedogy, Val 16
1, Jane 2008 ¢ Tabee 1),

a etme the parameter ol inierest, g

by Sctup the null and alteenative hypotheses ol interest,

€ Find Yand v fov the sample data, and then use these val-
ues Ly compute the test statistic.

d. Give the rejection regiom lor o = 10,

CHAPTER 8 m Inferences Based on a Single Sample

8.03

Check feeth of extinet primates. Refer o the American
Jonrnal of Phvswad Anthropology (Vol, 142, 2000) sluds

mowans Ol Lhe characteristics of cheek lecth (oo mokars) in an

8.04

TDMBS

extinel primate species, Lxereise 238 (p. 78] Recall that
the researchers recorded the dentary depth of molirs
On millimeters) for a sample of 18 check teeth extracied
from skulls, These depth measurements are listed in the
accompinying table, Anthropologists koow that the mean
dentary depth of mokirs in an estinel primate specics—
called Species A—is 15 millimeters. Is there evidence Lo
indicate that the sample of 18 cheek 1eceth come from sonie
other extinet priniite species (e, some species other than
Species AY? Use the SPSS printout at the bottom ol the
pitge o answer the question,

15.12 16.55
19,48 15.70
19.36 17.83
15.M 13,25
15.83 1612
19.70 1813
15.76 14602
17.04) 1404
13.96 16,20

Bascdd on Boye TN Puans AL Rand Jermvali, )
“Evidonee ol dictiey deibleacntidsom ey Lt
Palcocene=Banlv oceoe Plosadapids (Mammatia
Primates).” Ainerican Joual of Plooieal
Anthropolopy, Vol 1420 201

Rudon exposure in Egyptian  tombs, Reler 1o the
Ruciation  Protection Dosinterry (Dec. 20000 siudy
of radon exposure in Egyplian tombs, Excrcise 7.3
(p. 362). The radon levels—measured in boecquerels per
cubic muter (Bq-‘m")—in the inner chambers of a sim-
ple of 12 tombs are listed in the able, For the safety ot
the guards and visitors, the Egypt Tourism Authority
(ETA) will temporarily close the tomnbs if the true mean
level of radon exposure in the tombs rises o 6,000 Bgim®
Conscyuently, the ETA wants Lo conduct a test 1o deter-
miag i the true mean devel ol vadon exposure m the tombs
is ess tham 6,000 Bg/m”, using o Type 1 enor probabiing
of 10, An SAS analysis of the data 1< shown on p. 427
Speaily all the elements of the test: £, 1L test statistic.
pevaloe, o, and your conclusion,

e, State the appropriate conclusion in the words of the 13{: IZ‘IJII]:: "..}:::: I;(h’:: l-{:j::-(: -lul‘::::
problum, e HEH R : : St ST T
SPSS Outpul for Excreise 8,63
One-Sample Siatistics
Std. Enor
N Maan 8td Deviation Mean
M2Depth 18 | 16.4994 1 97042 46443
One-Sample Test
Testvale =15
95% Confidence Interval of the
Difference
Mean
| of Sig. (2 talled) Difference Lower Upper
M2Dapth 33129 17 005 1.49944 5186 24793
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SAS Ouiput for Exercise 8.64

The TTEST Procedusre
Varieble: RADON

N Mean StdDev %d Emr Minimum Maximum
12 36425 44869 12953  50.0000 12100 0

Mean 95% CL Mean 5td Dev 95% CL Std Dev
36425 nfty 59686 44869 31785 761813

DF tValue Pre<t
1 -182 00480

Applying the Concapts—Intermediats

865 Yield strength of steel connecting bars. T'o protect against

carthguake damage, steel beams are tvpically fitled and
connected with plastic hinges. However, these phastic
hinges are prone to deformations and are difficult to in-
spect and repair, An aliernative method of connecling
steel beams—one that uses high-strength steel bars with
clamps—was investigaded in Engineering Strisctires (July
2013). Mathematical models for predicting the performance
of these steel connecting bars assume the bars lave o mean
vield strength of 300 megapascads {MPa). To verify (his
assumption, the researchers conducted matetial property
tests on the steel connecting bars. Inosample of three tests,
the vield strengths were 354, 370, and 359 M. Do the dita
indicate that the rue mean vield strength of the stecl bars
exceeds 300 MPa? Test using e = 11,

8.06  Pitch memory of amasiacs. Amusia is a congenital disorder

that adversely impacts one’s pereeption of music. Refer to

the Advances m Cognitive Psveholagy (Vol, 6, 2010) study

of the pitch memory of individoals diagnosed with amusia,

Excreise 745 (p. 363), Recall that cach in o sample of 17

amusiacs listened o a series of tone pairs and was asked

o determine il the tones were the same or different. In the

first trinl, the tones were separated by 1 seeond; o second

trial, the tones were separated by 5 seconds, The dilference
in accuraey scores Tor the two trials was determined lTor
cach amusiac (where the difference is Lthe score on the first
tral minus the score on the second trial). The mean scare

difference was 11 with a standard deviation of (19,

a. In theory, the longer the delay between tones, the Jess
likely one 15 1o detect a difference between the Lones,
Consequently, the true mean score difference should
exeeed 0 Setup the null and alternative hypothesces Tor
testing the theory,

b, Carry out the sl parl a, using o
dence o support the theory'!

A5, s there wvi-

8.67 Free recall memory strategy. Psvchologists who study
@ memory olten use a meisure ol “lree recall” {e.e., the

pecatt number of correctly recalled items inoa list of to-he-

remembered items), The strategy used to memorize the
ist—Tlor example. cotcgory clustering—is often just as
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important. Rescarchers at Contral Michigan University
developed an aporithm (or computing imcasures of cut-
cpory clustering in Advances in Cognitive Psvchology
(Oct, 2012). One measuey, called ratio of repetition, wis
recorded (o a sample ol 8 participants m o memory study.
These ratios are histed in the table. Test the theory that the
average ratio of repetition for all participamts in a similo
muemory study dilfors from 5. Select an appropriate Tvpe
I crror rate tor your (st

25 A3 57 A8 AR Ot A7 30

St Senkovi, O & Ot 11 Cigegory clistering, caleutator T bree
tesanll ™ Ababvirees i Cogneive Iiyehofogy, Vol 8 NG 4Ot 2000 (Table 7).

R.68  Increasing hardness of palyester composites. Polvester
resing reintorced with Tiberglass are used 1o fabricate wall
panels of restaurants, T s theorized that adding cement
kiln dust {CRI3) 10 the polvester composite will increase
wirll panel hardoess. Bnoastudy published in Advances m
Applied Phvsics (Vol. 2, 2014y, bardness (joules per squared
centimeters) was determined for three polvester compuosite
mixtures that used a 40% CKID weight ritio, The hardoess
values were reported as 83,84, and 79 jiem®, Research has
shown that the mean hardness value ol polyesier composite
mixtures that use a 20% CKD weight ratiois g = 76 1o’
I vour opinion. does usiog a 0% CKI weight ratio in-
crease the mean hardness value of polyesier composite
miNtures? Support vour answer stisbistically,

8.9 Minimizing tractor skidding distance. Reler 10 fhe

Q Jowrnal of Forest Engineering {(July 1999} study of min

s imizing tractor skidding distanees along o npew road in g
Earoapean forest, prosented in lxercise 748 (p. 364), Thye
skidding distances (in metersy were measured af 20 ran-
domly selected road sites, The data e repeated in the
aceompanving table. Recall that a fogger working on the
road claims that the mean skidding distance s at least 425
meters. Is there sulficient evidence o refute tos claim?
Use o 10,

488 3500 457 199 285 409 43% 0 574 43Y A6
RS 295 IR 260 273 406y 311 312 141 425

Bascd on fujek. Ioamd Pacola L2 Algonthnes Tor skidding distance mdeling on
a rsker Eyiginal Terray Modol™ Fomeand of Forest Fagrcesmne, Vol 10N, |
July 199 (Table 1)

8.70 Dissolved organic compewnd in lakes. The level ol dis-
solved oxygen in the surface water of i lake s vital to

Lakes  narintaining  the  Iake’s  ceosystem, Duvironmentalists
from the University of Wisconsin monttored the dissolved
oxyeen levels over time tor a sample of 25 Likes an the
stade (Agrenic Biology, May 2010}, To ensure a vepresen-
tative sample, the anvironmentalists focused on several
Lake characteristics, ncluding dissolved organme compound
(POCY. The DOC data (measured in grivns per cabie me-
ters) for the 25 lakes are listed mothe table on p. 428 The
population of Wisconsin lakes has a mean DOC value of
15 grams/m*. Use a ypothesis st (at e — 100 to make
an inference about whether the sionple is representative of
all Wisconsin lakes Tor the charactenstic dissolved organic
compaoune.
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Example F8 0

A Hypothesis Test
for p—Proportion
of Defective
Batteries

Finally, we calculate the number of standard deviations {the 2 value) between the sam-
pled and hypothesized values of the binomial proportion:

P = P=pe AW - 2 114
g Vipoge/n V{2V 8)/ 140 034

The implication 1s that the observed sample proportion is (approximately) 335 stan-
dard deviations below the null-hypothesized proportion, 2 (Figure 8.1, Therctore. we
reject the null bypothesis, concluding st the 05 level of significance that the true failure
rate of the new method for detecting breast cancer differs from 20, Since /= 086, 1t
appears that the new method is better (e bas a smabler Giilure rate) than the method
currently in use. (To estimate the magnitude of the Lailure rate lor the new mcthod, a
conlidence interval can be constructed.)

The test of bypothesis about a papulation proportion g is summarized in the next
hax. Note that the procedure is entirely analogons 1o that used lor conducting large:
sample tests about a population mean

-1.35

‘ Larpe-Sample Test of Hypothesis about p: Normal {z) Stotistic

! _=pa (2= pe)

Test swivtic: Te "
| i N (pyar,/n)
|
' One-Tailed Tests Two-Tailed Test
! flyp =y Hy: p = py I p = py
“’.‘1:’7 < M ”u:p = P ”u: P LT
Rejection region: Ze < =T, e P I 7] > za2

20 = o) il oo ds nepilive

Decivion: Reject Hyila = p-value orif test statistic (z¢) falls in rejection region where

|

I pevalne: Pir<z) Pz = z.) 2P(z = z.) il . is posilive
‘ Plz =z, = a Pl = 0,0) = a/2Z.anda = P(Type Lerror) = P(Reject Hy| Hy true).
|
[

[Note: The symbol for the numerical value assigned 10 p under the null hypothesis is p.]

Conditions Required for g Valid Large-Sample Hypothesis Test for p
1. A rundom sample is selected from a binomial population.
{ 2. The sample size # is large. (This condition will be satislied if both npy = 15 and
My = i.-\.)

Problem "The reputations (and hence sales) ol many businesses can be severely damaged
by shipmenis of manulactured items that contain a large percentage of detectives, For
example. a manulacturer ol alkaline batteries may want to be reasonably certain that
less than 5% of its batteries are defective, Supposce 300 batteries are randomly selected
from a very large shipment: cach is tested and 10 defective batteries are Tound. Docs this
outcome provide sutlicient evidence Tor the manutacturer 1o conclude that the fraction
detective in the entire shipment is less than 057 Use o = 01,

Solution 1he objective of the sampling is to determine whether there is sullicient
evidence to indicate that the fraction defective, pois less than 05, Consequently, we will
test the null hypothesis that p = .03 against the alternative hypothesis that p - 05, The
clements of e test are

Hy:po= 03 { Fraction ol delective batteries equals J05.)

H,:p < 05 (Fraciion ol delective batteries is less than 03,
P—m

ir;
¥

Tost statistic; - =

Rejectiom regiomr: = <~z = —2.33 (see Figure 8.20)
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On the MINITAB print-
oul, v represents the number of
the 250 people with colds that
used more than 60 tissues. Note
pat X 154, This value is used 10 compute the test statis-
ic = = 3.67. highlighted on the printout. The pevalue of the
est.also highlighted on the printout.is p-value = 000. Since
his value is Jess than o = 05, there is sufficient evidence (il
y = D5} o reject Hyowe conclude that the proportion of al}
KLEENEX" users who use more than 6d) tissues when they
ave a cold exeeeds 5. This conclusion again supports, the
ompany s decision Lo put more than 60 tissues in an anti-viral
sox of KLEENEX.

§*» Data Set: TISSUES

()

Ex

873 What tvpe of dana, quamtitative or qualitative, s tvpically
associated with making interences about a population pro-
portnon g

874 What conditions are required for a valid Lirge-sample tes
lor pr?

B75 For the binomial sample sizes and noll-hy pothesized val-
ucs ol poin cach parl. determne whcther the sample sive
is large enough 1w use the normal approximation method-
ology presented in this section to conduct atest of the null
hypothesis g p = p,.

. n = 500y = 05
b n= 10, p, =
o= S0y =
d. n =20, p,
eon=10.p; =4

19 b

87

Suppuose a random sample of 100 abservations from i bino-
W mial population gives @ value of p = .69 and you wish to

Lest the null hypothesis that the population parameter g is

cqual to 73 agamst the alternative hypothesis that pos less

than 75,

& Noting that = .09 what does your intuition tell
vou? Does the value of prappear to contradict the null
hypothesis?

b Use the large-simple z-test todest Hig po= 75 agains

the alternative wpothesis Hep o 75 Use o = 05,
How do the test results compire with your intuitive de-
Casion from parl a?

Find and interpret the ohseived signilicinee level of the
lest vou conducted i part b

C.

in

S”PI“N.' the sample in Exercise 8.76 has produced g 84
Nd we wish 1o west Hygp = .9 avainst the alternative
LIF LY

Test and Cl for One Proportion: USED&(
Tear of p = 0.5 va p > 0.5
Event = MCRE
95% Lower
Varzable X H Sarple p Zound Z-Value P-Value
USEDRE0 154 250 0.6:16000 2.565404 3.67 Q.000

Using the normal approxamacion.

Figure SIA8.2

MINITAB 1est ol p = .5 for KLEENEX survey

a. Caleulate the value ol the = statistic for this test.

h, Note that the numeritor of the o sttistic (p o~ iy
A ) 067 05 the same as lor Exerase 85.76,
Considering this. why 1s the absolute value of 2 for this
exercise farger than that caleulated iy Exerese 8,767

¢. Complete the test using o 050 and interpret the
result,

d. Find the observed signilicamee level for the test and -
terpret its value,

8.78

A random sample of 100 observalions is sclected from o
Bnomial population wath unknown probability of suceess p.
The computed value of g is equal 10 74,
lest Hyepo = 65 against e p > 05, Usea = 0L
b Best Pl p = 65 against Hp > 65 Usea = ).
e Jest g p o= Oagainst Hep 2 Y00 Use o = 05
L Form a 93% confidence interval for p,
L Form a 99" conlidence interval Tor p.

=

- =

879 Rueler to Exercise 758 (p. 342)0 in which 30 consumers
taste-tested a new snack [ood.
swack o lust Mg p = 5 against Iz p > 50 where pois the pro-
portion of customers who do not bke the snack food.
Use e = .10, -
b. Reportthe abserved significance level of vour test.

®

Use the applet eatitled Fyvpotheses Test for a Proporion Woinves-
tigate the relationships between the probabilities of Type 1 and
Tope I errors occurring at levels 03 and L0, For this exerase, use
o= 0 e po= 05 alternative sor cqual.

e Selonull po= S50 What happens to the proportion ol
times the null hypothesis is rejected at the 05 level
and at the 01 Jevel as tbe applet s run more and more
times? What type of error has oceurred when the null
hy pothicsis is rejected in this situation”?” Based on vour
results, is this tvpe of crror more likely o oceur at level
A5 ora level 01! Explain.
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b, Sct null pr= 6.0 What happens (o the proporticn of
tmes the null hypothesis s aof rejected at the 03 fevel
and al the G Tevelas the applet is von more and more
nmes? What type of errar has occorred when the null
hypathesis is aod rejected i this situation? Based on
vour results, is this type of ervor more Bikely o oceor at
level 05 or at level 017 Explain,

¢ Usc vour results from parts a and b to make a general
statement about the probabilities of Type and Type 11
crrors at levels 05 and .01,

© Applet Exercise 8.6

Use the applet entitled Hypotheves Test o a Proporten 1o dnves-
tigate the effect of the true population proportion g on the prob-

ability of a Type 1 error aceurring, For this ¢xercise, use n

LD

and sllernative nof conal.

Applying the Concepts—Ha

H.80

©

MUSIC

8.81

a Scttrue po Sandnull poo 5 Run the applet several

tintes, and seeord the proportion of times the null hy-

pothesis is rejected at the 01 level

Clear the applet and repeat part a for true p -

null po= L Then repet ane more time for true p — 01

andnull pp = .01,

c. Based on your resulls from parts 2 and b, what can you
conclude about the probability of a Type [ error oceur-
ring as the true population proportion gets closer to 07

doand

Paying for music dowaloads. If vou use the Tnfernet. have
yvou ever paid to access or download music? This was one
ol the questions ol inlerest in g secent Pow fiveraet dind
Amertcint Life Project Survey {Oct, 20100, Tnoarepresenta-
tive sample of 735 adults who use the Internet, b stated
that they have paid Lo download music, Let porepresent the
true proportion of all Internet-using adults who have paid
1o download music.

a. Compute a point estimate of p.

h. Sct up the nult and alternative hypotheses Tor testing
whether the true proporion of all Int¢rnet-usig adolts
who hivve paid te download music exceeds 7.

e. Compute the test statistic for part b,

d. Find the rejection vegion for the testil e = 01,

¢. Find the pevalue for the test,

. Make the appropriate conclusion using the rejection region.

g, Muke the appropriate conclusion using the p-valuc,

Underwater sound-locating ability of alligators. Alligators
have shown the ability to determine the divection of an an-
borme sound. But can they locate underwater sounds? This
wis the subject of rescarch published in the fowrnal of
Herpetefogy {Dee, 2004)0 Alligators inhabiting the Mood
control canals in the Florida Everglades were monitored tor
movement woward a sound produced from o subimerged div-
ing bell. Movements within a ESO7 arc ol the direction toward
the sound were seored as movements toward the sound: all
movements in ather dircetions were scored as movements
away from the sound. Conscyuentiy, the researchers assumed
that the proportion ol movements toward the sound expected
by chance is 180773607 = 5. ln o sample of o = 50 alhga-
tors, 42 moved toward the underwater sound.

a. Give the noll and alternative hypotheses Tor testing
whether the true proportion of alligators that move to-
ward the underwater sound is higher than expected n
chanee,

8.82

.84

LA

L Inasample of o= 30 alligators, assime that 42 moved
toward the underwater sound. Use this mformation to
compute an cstimate of the true proportion of alligaiors
that move toward the underwater sound.

. Compuie the Lest statistic for this stady.

I Compute the observed significanee fevel (paalue) of

the test

Mitke the approprinte conclusion in the words of the

problum,

an

-
.

Gummy bears: red or yellow? Chance (Winter 2000) pre-
seated a lesson in hvpothesis testing carricd oot by medical
students in a biostatistics class. Students were blind-folded
and then given a red-colored or yellow-colored punuy
bear 1o chew. (Half thy stadenis were andomby assigned

to receive the red gummy bear and hall to receive the vl

low bear. The students could not see what color gusmmn

bear they were given.} Aflter chewing, the students were
asked to guess the color of the candy based on the Thavor

Of the 121 students who participated in the studv, 97 cor-

rectly identified the color ol the gummy bear

. I there is no relationship between color and gummy
bear avor, what proportion of the popolation of su-
dents will corsecthy identily the color?

b. Speeily the nult and allcraative hypatheses for westing
whether cedor and Davor ac iclated.

e, Canry out the test and give the appropriate conclusion
at o = 01, Use the p=value of the test to mahe vour
decision,

Dehorning of dairy calves. For safety reasons, call de-

horning has become o rouline practice at dory Tarms,

A report by Europe’s Standing Committee on the Fowd

Chain and Animal Flealth (SANKO) stated that 80% of

European dairy farms carvy oot calf dehorning. A Later

study, pubbished in the dovernal of Datey Scivnce (Vol. 94,

20010, Tound that in a sample of 639 Hahan dairy farms,

515 dehorn calves, Does the Jowrnal of Dairy Scionce

study support or relute the ligere repotied by SANKO?

Lxplain.

Teenagers” use of emoticons in school writing, Reloer (o the
Poew fternet and Anterican Life Project {Apr, 2008) sor-
vey of the writing habits of US. teenagess, Fagrcise 7.69
(p. 3711 Recall that in a random sample of 700 weenag-
ers, 448 admitted to using at least one imformal clement
in school writing assignments. [NMowe: Ematicons, such ax
using the symbol “37 1o represent a smale, and abbrevia-
Hons, such as writing “LOL™ for “laughing out loud,” are
considered informal clements.] Is there evidence (o indi-
cate that less than 63% of all VLS. wenagers have osed al
teast one mformal clement in school writing assignmens!?
Test the relevant hypotheses using 05,

TV subscription streaming. “Streaming”™ of televisian pro-
grams is trending upwiard, Aceording w The Harriv Polt
(Ang. 26, 2013), over one-thicd of Americans guality as
“subseription streanmers,” e, those who wateh steeamed
TV programs through a subscription service such as
Netllix, THulu Plus, or Amazon Prime. The potl included
2,242 adult TV viewers, of which 785 uare subscription
streamuers, Based an this vesult, can vou conclude that the
true fraction of adult TV viewers who wre subscription
streamers differs from one-third? Carry out the 1est using a
Type | ersor rate of .10,




