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Chapter 7: Hypothesis Testing with One Sample

7-1: Introduction to Hypothesis Testing
In a nutshell: Hypothesis testing looks at if a statement seems 
likely to be false or not.

For instance: An auto company may claim their new cars get 50 
mpg. You wonder if this is really true. You can't test all the new 
cars though, so now what?

-  First you take a sample of 30 cars. You find the mean mpg is 47 
with a standard deviation of 5.5. This is NOT  exactly 50, but we 
wouldn't expect it to be. How different is it though from their 
claim? 

-  WE ASSUME THEY ARE CORRECT. Then we look at what would 
be weird values (outside of 2 standard deviations) from their claim 
about the mean being 50. 

If 47 turns out to be more than 2s.d. away, we would be very 
suspicious about their claim. 

If 47 was closer than 2 s.d. from the mean of 50, we would have to 
assume they might be right.

Since we assume they are truthful, the null hypothesis always 
includes an equality. The other option, that they are wrong, contains 
no equality and is the complement of their claim (the opposite of 
their statement).

We can write null and alternatives for any parameter - p
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Example 1: Stating Null/Alternative Hypotheses

Write the claim as a mathematical sentence. State the null and 
alternative hypotheses and identify which represents the claim.

7-1: Continued 



Chapter 7 Notes 6th Edition.notebook

4

April 12, 2017

7-1 continued... Errors, levels of significance
Types of errors:
Level of significance: All samples will vary some from the 
population parameter (remember our errors from CIs?). How 
often will you reject the null hypothesis when it is actually true 
(false positive)?  5% of the time? 1%? 10%? This is your LEVEL 
OF SIGNIFICANCE.

What we want is to be able to compare our test statistic's value 
versus the value that is claimed to be true, which means we need 
to convert them into our standard distributions (z-scores, t-
scores, or chi-squared scores).

We then compare the P-value (probability) of getting a sample 
value as extreme or more extreme than the unusual ranges of our 
claim's distribution. 

Reminder: (Summary of all of Chapter 6!)
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7-1 continued... Type of test, P-values

Example 3: Type of Hypothesis Test?
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You can't prove things true - only can say that evidence 
indicates that it is false, or that there is not enough evidence to 
say that it is false!

7.1 Continued
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7-1 continued... Strategies
Writing hypotheses depends on which side of the argument you 
believe. You want to be able to reject the null, so your belief 
should be in the alternative hypothesis.
Example 5: Writing the hypotheses

A medical research team is investigating the benefits of a new surgical 
treatment. One of the claims is that the mean recovery time for patients 
after the new treatment is less than 96 hours. 

1. Write the hypotheses as if you are on the research team and want to 
support the claim.

2. Write the hypotheses as if you are on an opposing team and want to 
reject the claim.

GENERAL STEPS - USE THROUGHOUT THIS CHAPTER!!!

pg 359: 11-16,21,22, 23,26,29,30, 37, 
41,42,44, 47, 49,50
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Chapter 7: Hypothesis Testing with One Sample

7-2: Hypothesis Tests when you know 
One parameter we often want to do a hypothesis test on is the 
mean. Just like CIs, there are different methods if the sample is 
over 30 or under 30. 

Reminder from yesterday:

Example 1: Interpreting a P-value

The P-value for a hypothesis test is P=0.0237. What is your 
decision if the level of significance is...

1) 

2)

Finding those P-values is going to be very important, clearly! Use 
the tables (or for normal distributions, normalcdf( _, _) )

Example 2: Finding P-value for 
left-tailed tests

Find the P-value for a left-tailed 
hypothesis test with a test 
statistic of z=-2.23. Decide 
whether to reject the null if the 
level of significance is 0.01.

Example 2: Finding P-value for two-
tailed tests

Find the P-value for a two-tailed 
hypothesis test with a test 
statistic of z=2.14. Decide whether 
to reject the null if the level of 
significance is 0.05.



Chapter 7 Notes 6th Edition.notebook

9

April 12, 2017

7-2 continued... Using P-values for a z-test
If we know population Standard deviation , remember from 
chapter 6-1 that we always use the normal distribution.
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Example 4: Hypothesis Testing for large samples

In an advertisement, a pizza shop claims that its mean delivery 
time is less than 30 minutes. A random selection of 36 delivery 
times has a sample mean of 28.5 minutes and a standard 
deviation of 3.5 minutes. Is there enough evidence to support 
the claim at ? Use a P-value.

Solution:

1. State null and alt hypotheses.

2. Calculate the standardized score for the test statistic.

3. Decide if it is left, right, or two-tailed. Find the area that 
goes with the standardized score.

4. Decide if you should reject or fail to reject the null. 
Interpret the result. 

7-2 Continued
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7-2 continued... Using P-values for a z-test
Example 5: Hypothesis Testing for large samples

1. State null and alt hypotheses.

2. Calculate the standardized score for the test statistic

3. Decide if it is left, right, or two-tailed. Find the area that 
goes with the standardized score.

4. Decide if you should reject or fail to reject the null. 
Interpret the result. 
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HINT: Draw a picture 
USE INVNORM!

7.2 Continued

Example 7: Finding Critical Values for Right-tailed Test

Find a critical value and rejection region for a right-tailed test 
with 

Example 8: Finding Critical Values for Two-tailed Test

Find a critical value and rejection region for a two tailed test 
with 
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This lists COMMON values, not 
every one you may need - know 
how to calculate these!

7-2 continued... Finding Rejection Regions

Using the rejection region, we can decide what to do with our 
null hypothesis
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7-2 continued... Large-sample Hypothesis Testing
Example 9: Testing population mean with a large sample

Employees in a large accounting firm claim that the mean salary of 
the firm's accountants is less than that of its competitor's, which 
is $45,000. A random sample of 30 of the firm's accountants has 
a mean salary of $43,500 with a standard deviation of $5200. At 

, test the employees' claim.

Solution:

1. Write the hypotheses.

2. Use invnorm or table to find the critical values.

3. Sketch the distribution and label the critical values and 
rejection regions.

4. Find the z-score of the test statistic and label it on the 
distribution.

5. Decide to reject or fail to reject the null. Interpret the result.

Example 10: Testing population mean with a large sample

The U.S. Dept. of Agriculture reports that the mean cost of 
raising a child from birth to age 2 in a rural area is $10,460. You 
believe this value is incorrect, so you select a random sample of 
900 children (age 2) and find that the mean cost is $10,345 with a 
standard deviation of $1540. At , is there enough evidence 
to conclude that the mean cost is different from $10,460?

Solution:

1. Write the hypotheses.

2. Use invnorm or table to find the critical values.

3. Sketch the distribution and label the critical values and 
rejection regions.

4. Find the z-score of the test statistic and label it on the 
distribution.

5. Decide to reject or fail to reject the null. Interpret the result.
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7.2 More examples from the book

Calc

pg. 373 3,5,7,10,12, 14,16, 18,19, 21,24 
25, 27, 30, 31, 39
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Chapter 7: Hypothesis Testing with One Sample 
7-3: Hypothesis Tests for the Mean when the population Standard deviation is 

not known

As long as it is still roughly normal, we can still do a hypothesis 
test - welcome back, t-distribution!

*** USE THIS WHEN Sigma is known ***

Example 2

Find the critical value for a right-tailed test

with a significance of .01 and n =17

Example 3
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7-3 continued... Hypothesis Testing

Once we can find the critical value for t, we are basically doing 
the same type of test as before, when Sigma was known
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7-3 continued... Hypothesis Testing 
Example 5: Testing the mean with a small sample

An industrial company claims that the mean pH level of the water 
in a nearby river is 6.8. You randomly select 39 water samples and 
measure the pH of each. The sample mean and standard deviation 
are 6.7 and 0.35, respectively. Is there enough evidence to reject 
the company's claim at ? Assume the population is normally 
distributed. 

Solution: 

1) Write the claim, and the null and alternative hypotheses.

2) Decide if it is left, right, or two tailed. Find the critical value 
for t using the chart. 

3) Sketch the distribution and determine the rejection region.

4) Calculate your standardized test statistic.

 

5) Make a decision based on which region it is in and interpret the 
results.

pg. 383: 3,5,7,11,12,14,15,21, 22,23,27 
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Chapter 7: 7-4: Hypothesis Tests for Proportions
This is going to look very similar to the rest of our hypothesis 
testing information! Difference is the key words: proportion, 
percentage, %.

- Used when proportion needs to be tested - for example, when a 
manufacturer needs to test the proportion of One Direction CDs 
that are defective.

Example 1: Hypothesis Test for a Proportion

1) Check np and nq

2) Write the claim and the null/alternative hypotheses

3) Determine if it is left, right, or two-tailed and find the critical 
value for the level of significance.

4) Sketch the distribution and label the rejection regions.

5) Calculate the standardized test statistic

6) Make a decision and interpret the result.

Check this FIRST!
If those conditions are both met, THEN:
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7-4 continued... Proportion Hypothesis Testing
Example 2: Hypothesis Test for a Proportion

Solution:

Example 2: Hypothesis Test for a Proportion

The Pew Research Center claims that more than 55% of US 
adults regularly watch their local television news. You decide to 
test this claim and ask a random sample of 425 adults in the 
United States whether they regularly watch their local television 
news. Of the 425 adults, 255 respond yes. At , is there 
enough evidence to support the claim?

Solution:

pg. 391: 3, 8, 9-11, 15 OR 16 
17
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7-5 Hypothesis Testing for variance and standard Deviation
Critical values for a Chi­Square Test 

Example 1 Finding critical values for 

Find the Critical value for a right-tailed test when

Example 2 Finding the critical    value for  a left-tailed test when

Example 3 Find the critical   value for a two-tailed test when

VERY IMPORTANT because Chi-square distributions are not 
symmetric like normal or t-distributions, in a two-tailed test the two 
critical values are not opposites you must calculate each of them



Chapter 7 Notes 6th Edition.notebook

22

April 12, 2017

7-5 Continued The Chi-Square TEST
To test the variance       or a standard deviation      of a population that is a normally 
distributed, you can use the            

The results can be misleading if the population is not normal

Example 4
Using a hypothesis test for the population mean
A dairy processing company claims that the variance of the amount of fat in whole milk processed by 
the company is no more than 0.25.  You suspect this is wrong and find that a normal sample of 41 milk 
containers has a variance of .27.  At a                 , is there enough evidence to reject the company's 
claim?  Assume the population is normally distributed

.

Example 5 Using a hypothesis test for the SD
A restaurant claims that the standard deviation in the length of serving times is less than 2.9 
minutes.  A random sample of 23 serving times has a standard deviation of 2.1 minutes.  At 
is there enough evidence to support the restaurants claim? Assume the population is normal
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Example 6 Using a Hypothesis test for the population variance
A sporting goods manufacturer claims that the variance of the strength in a certain fishing line is 15.9.  
A random sample of 15 fishing line spools has a variance of 21.8. At              , is there enough evidence 
to reject the manufacturer's claim?  Assume normal

pg. 400 5,7,9,12,13,15,18,19
21,23

7-5 Continued
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Chapter 7 Summary
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Chapter 7 Section by section
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Calculator Help for Chapter 7
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Insight
As you study this chapter, don't
get confused regarding concepts
of certainty and importance. For
instance, even if you were very


Introduction to Hypothesis Testing;;;;;ffi;.ffi;;;;;il;..=
Level of Significance ) Statistical Tests and P-values > Makir:
a Decision and Interpreting the Decision > Strategies for
Hypothesis Testing


) Hypothesis Tests
Throughout the remainder of this course, you will study an important techn-: -


in inferential statistics called hypothesis testing. A hypothesis test is a prr--.
that uses sample statistics to test a claim about the value of a popula.
parameter. Researchers in fields such as medicine, psychology, and business .
on hypothesis testing to make informed decisions about new medic._-
treatments, and marketing strategies.


For instance, suppose an automobile
manufacturer advertises that its new
hybrid car has a mean mileage of 50 miles
per gallon. If you suspect that the mean
mileage is not 50 miles per gallon, how
could you show that the advertisement is
false?


Obviously, you cannot test 0ll the
vehicles, but you can still make a


reasonable decision about the mean
mileage by taking a random sample from
the population of vehicles and measuring
the mileage of each. If the sample mean differs enough from the advertisem-
mean, you can decide that the advertisement is wrong.


For instance, to test that the mean mileage of all hybrid vehicles of this - :
is pr, : 50 miles per gallon, you could take a random sample of n :30 veh,_
and measure the mileage of each. Suppose you obtain a sample mean of r :
miles per gallon with a sample standard deviation of s : 5.5 miles per 


-ea
Does this indicate that the manufacturer's advertisement is false?


To decide, you do something unusual-you assume the advertiseme,:'
correct! That is, you assume that p : 50. Then, you examine the samp -


distribution of sample means (with n : 30) taken from a population in rl: "


p : 50 and a : 5.5. From the Central Limit Theorem, you know this samir -


distribution is normal with a mean of 50 and standard error of
5.5 _ .,


--r,v30
In the graph at the right, notice
that your sample mean of i : 47
miles per gallon is highly
unlikely-it is about 3 standard
errors from the claimed mean!
Using the techniques you studied
in Chapter 5, you can determine
that if the advertisement is true, the
probability of obtaining a sample


Sampling Distribution of 7


mean of 47 or less is about 0.0013. This is an unusual eventl Your assumption ::
the company's advertisement is correct has led you to an improbable resuli. :,


either you had a very unusual sample, or the advertisement is probably false. -'
logical conclusion is that the advertisement is probably false.


certain that the mean
mileage of a type of
hybrid vehicle i, #
not 50 miles per
gallon, the actual ;
mean mileage
might be very close
to this value and the
difference might not
be important.


-__ F-i _.',-,,_:_ _#
-4 -3\ 2 -1 0 I 2 3 4


Standardized <-value
z = -3.0


Sample mean


16 41 48 19 50 51 52 53 5,1







'1 lou' '


Z 1uo4 tuaDtttp " '


z ot pnba rcu' ' '


'4 {pcoxa' "
1"


'y o1 pnba' "


'1 uoql alout' '


'1 a^oqD "
4 ttot.p .taloa.rB '


'4 uDql arcu rcu' '


'4 tsolu |b' '


'l oJ lDnbd to uDqt.rsrl '


'y uory.tauat' '


'1 ttlolaq " '


'1 uDql ssal' ' '


'4 uoql ssal tou' ' '
'1 lsoal 10 ' ' '


Z o1 pnba to uDLfl nwat8 ' ' '


'zo ro 'o 'd se qtns
'sreleruu;ed uorlelndod Jeqlo 1se1 ol eperu eq ueo sluetuelels Jelrurs 'soseqlod,{q
o^rluuJellB pue IInu Surpuodse-r.roJ eql pue ,rl JelerueJed eql lnoqE slueluel€ls
IeqJe^ elqrssod uee,{Alaq drqsuorleler eql s,roqs alq€l Sur,rolloJ aqJ


lou Jo ,


srql Jo
sfeA\p


'lEnsnun sr crlsrlels eldtues e
Jeqleq,{a eurruJelep 1p,tr no.r('uorlnqrJlsrp Surldrues slql uHll |uorldunsse


sISBq Oql uo uorlnqrJlsrp Surldlu€s eql oururexe pve 4 : r/ eurnsse
nof'esn nof seseqlodfq yo sJred eaJql eql Jo qrrq,^a Jo sselpJeSed


,1
,l


e:e seseqlod,{q
e^rleuralle pue IInu;o s;red elqrssod etuos ueql 'd sr releruered uorlepdod
eql pue y sr enlel rurelc aql 3r 'ecuelsur Jod 'lueruelduroc slr alrJ1( 'uerLl
'lueluelels pcrlelueqlEru e ol luelualels IeqJeA € tuo4 JeleruEJed uorlelndod eql
]noqe eperu urulc eql elelsueJl'sesaq1od.,{q e,uleuJelle pue ilnu oql olrJ,r oJ


!('B-qns I{,, s€ peeJ sr'77 pue,,lr{3neu I[,, Jo (.oJezqns I{,, s€ peer sr 0p.


' > Jo '+ '4 se qcns 'r$qenbeur lcrJls Jo 1uerue1e1s
E sureluoc 1l pue esleJ sr og ;l en:1 aq lsnru leql luetuelels B sr 1I
'srsaqlod,{q I1nu eql;o lueueldruoc eql sr "8. qsaqlod.{q a,rrluu.rat4a eq;- .Z


'< Jo ': '; S€ qcns tlrpnbe ;o
luatuelets e surBtuor l€ql srseqlod,{q pcrlsrlels e sl 0;;, qsaqlod,{q finu V .I


'rutelc luur8rJo ar{l lueseJdeJ f,etu-vsarylod{q at4nu.talp orll to usatpod,(q


nnu eql-srsoqlod.{q JeqllA 'enJl eq }snlu Jeqlo eq1 'eslBJ sr seseqlod.,{q esaql
Jo euo ueqAA 'luar.ualduor slrleqlo Jql puB turelJ aql slueseldeJ lEql
euo-soseqlod.{q yo rred e e1e1s .{lqerec pForls no{'releruured uorlelndod e 1se1
oa'srsaqlodfq pcrlsrlels e peflec sr Je]ourered uorlelndod u lnoqu luaruo]Els V


stsaqlod^H e butlels <


4 < r1 '.',H\
4=d:ogj


4 > r1 '.',H\
4<d,oHJ


+ ,1!H\
_ d:oH 


J


ll + rt :,,H


'tutDi'


"rot slsaqtodtq a^lpurat l!'
usaqlodtq ilnu D aulut-.


(.0 i.._


]0 eu.rnof ollt:[ror] oatdep" 6,-,-a -
+o srelaturllrLu il, sr ]ueLr,::- : :


rrlte.rdotrqt ;erreds slql oe -:: -


oqnn sluarled lle lo a.r^:t:. :


poo;q rr;o1s{s ur dorp uee* : -
leql pauirel) sl 1l 'oS 'fu':-,t -


+o s.ralaurllrLU tl seM at-I:.:
poo;q rr;o1s{s,s}uar}po :--


dorp ueauu aLl]'s)aaM ]q6ra -=--
'ernssa;d poolq roq] raMo : : "


o1 lueullsnfpe rrl:eldorrq: ;e :.:
e lueMrapun ernsserd c:: :


q6rq e6e1s-{;rea
ql!^^ slua!leo


pa]loles {luuopue.r


sz +o aloLues v


'stsaqlod{q o^r}euro}le a -


fueluauua;dLuo) sr leql loqu{s ar,-
a41 '1oqLu{s rilrlenba ttr.rls aq1 :
srsaqlod{q llnu aq} a}e}s s}xar :


s9€ 9N t-Lstt_ StSl HTOd H ot_ Notl)ncout_Nt


rol)nJlsul ol







366 {. i-i A P i i: i 7 HYPOTHESIS TESTING WITH ONE SAMPLE


iliote to !nstructor


Begin with a hypothesis statement
and ask students to state its logical
complement. Some students will
have difficulty with the fact that
the complement of p. + k is p - k.
Discuss the role of a double negative
in English. The important point is


':hat if you conclude that H6 is false,
then you are also concluding that
H" is true.


u u H,':, 'i0
i.+


#P
0.78 0.80 0.82 0.84 0.86


Ii


#/t
2.1 2.2 2.3 2.4 2.5 2.6 2.1 2.8 2.9


#lt
16 17 18 19 20 2t 22 23 24


In each of these graphs, notice
that each point on the number
line is in Ho or Ha, but no point
is in both.


Stating the Null and Alternative Hypotheses
Write the claim as a mathematical sentence. State the null and alterna:-


hypotheses, and identify which represents the claim.


1. A university publicizes that the proportion of its students who graduat-


4 years Ls827o.


2. A water faucet manufacturer announces that the mean flow rate of a cer::
type of faucet is less than 2.5 gallons per minute.


3. A cereal company advertises that the mean weight of the contents


20-ounce size cereal boxes is more than 20 ounces.


Solution


1. The claim "the proportion . . . is 82Y"" can be written as p : 0.82 -.


complement is p * 0.82. Because p : 0.82 contains the statemeni
equality, it becomes the null hypothesis. In this case, the null hypoth.,
represents the claim.


Ho:P:0'82(Claim)


H":p#0.82
2. Tlne claim "the mean . . . is less than 2.5 gallons per minute" can be writ-.


as /-i < 2.5. Its complement is fr = 2.5. Because P > 2.5 contains -


statement of equaiity, it becomes the null hypothesis. In this case. -:


alternative hypothesis represents the claim.


Hoi p > 2.5 gallons per minute


H o: p, 1 2.5 gallons per minute (Claim)


3. The claim "the mean... is more than2} ounces" can be written as trc > -
Its complement is p, < 20. Because p < 20 contains the statemenl


equality, it becomes the null hypothesis. In this case, the alternative hypoth=.


represents the claim.


Hoi F '20 ounces


H o: p ) 20 ounces (Ctaim)


Write the claim as a mathematical sentence. State the null and altelna:


hypotheses, and identify which represents the claim.


1. A consumer analyst reports that the mean life of a certain type


automobile battery is not 74 months.
A television manufacturer publishes that the variance of the life of a ceri:
type of television is less than or equal to 3.5.


A radio station publicizes that its proportion of the local listening audie:
is greater than39"/".


Identify the verbal claim and write it as a mathematical statement.


Write the complement of the claim.


IJ


LI,,0


)


J.


a.


b.
c. Identify the null and alternative hypotheses and


represents the claim.


-


determine which
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Hypothesis testing is sometimes compared to the legal system used ir
United States. Under this system, the following steps are used.


A carefully worded accusation is written.


The defendant is assumed innocent (11s) until proven guilty. The burde
proof lies with the prosecution. If the evidence is not strong enough, th;:
no conviction. A "not guilty" verdict does not prove that a defenda..
innocent.


The evidence needs to be conclusive beyond a reasonable doubt. The sr..
assumes that more harm is done by convicting the innocent (type I e..
than by not convicting the guilty (type II error).


ldentifying Type I and Type ll Errors
The USDA limit for salmonella contamination for chicken is 20"/o. A;:.
inspector reports that the chicken produced by a company exceeds the L S_
limit. You perform a hypothesis test to determine whether the meat inspec.
claim is true. When will a type I or type II error occur? Which is more sen. _


(Sttttrce; Uttited Statas Departntettt oI AgricttltrLre 1


Solution Let p represent the proportion of the chicken th"
contaminated. The meat inspector's claim is "more than20,t/o is contamina:
You can write the null and alternative hypotheses as follows.


H g: p = 0.2 The proportion is less than or equal to 20ok .


H o: p ), 0.2 (Claim) The proportion is greater than2}"/o.


1.


)


3.


Chicken meets


USDA limits.


Ho: p 3 0.2


Chicken exceeds


USDA limits.


H,,: 1t > 0.2


#p
0.16 0.18 0.20 0.22 0.24


A type I error will occur if the actual proportion of contaminated chicken is


than or equal to 0.2, but you decide to reject 11s. A type II error will occur --


actual proportion of contaminated chicken is greater than 0.2, but you dc -


reject 116. With a type I error, you might create a health scare and hurt the :.
of chicken producers who were actually meeting the USDA limits. With a tr:.
error, you could be allowing chicken that exceeded the USDA contamin..
limit to be sold to consumers. A type II error could result in sickness or .-
death.


A company specializing in parachute assembly states that its main parac, _


failure rate is not more than17".You perform a hypothesis test to deteri::
whether the company's claim is false. When will a type I or type II error oc: -
Which is more serious?


a. State the null and alternative hypotheses.
b. Write the possible type I and type II errors.
c. Determine which error is more serious.


1r:ttt-r*+:: E {.; ari5: -i'


,-l lt.l t r't'l'
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370 :r HYPOTHESIS TESTING WITH ONE SAMPLE


1. If the alternative hYPothesis
symbol (<), the hypothesis


Ho: 1"12 k


Ho: 1t< k


The P-value of a hypothesis test depends on the nature of the test. There .
three types of hypothesis tests-a left-, right-, or two-tailed test. The type of i.
depends on the location of the region of the sampling distribution that favor,


rejection of I1s. This region is indicated by the alternative hypothesis.


The third type of test
is called a two-tailed
test because evidence
that would support the
a lternative hypothesis
could lie in either tail
of the sampling
d istribution.


11, contains the less-than inequality
test is a left-tailed test.


\ -r 0


sl \tallsllc


Left-Tailed Test


If the alternative hypothesis 11o contains the greater-than inequality
symbol (> ) , the hypothesis test is a right-tailed test.


Ho:1.11k
Ho: trt> k


Right-Tailed Test


3. If the alternative hypothesis 11o contains the not-equal-to symbol ( I )


the hypothesis test is a two-tailed test. In a two-tailed test, each tail has


an area of )r.


u tt-1.II0. Ir - N


Ho: 1t+ k


F


d.


The smaller the P-value of the test, the more evidence there is


null hypothesis. A very small P-value indicates an unusual event.


however, that even a very low P-value does not constitute proof
hypothesis is false, only that it is probably false.


to reJec.


Remer:-.-
that the -


P is the area to
rhe left of the


test statistic.


P is the area to


the right of the


test statistic.


P is twice the


area to the left
of the negative


test statistic.


P is twice the


area to the right
of the positive
test statistic.
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€a=s*#fu€
ln this chapter, you will learn
that there are two basic types
of decision rules for deciding to
reject He or fail to reject He. The
decision rule described on this
page is based on P-values. The
second basic type of decision rule
is based on rejection regions.
When the standardized test


HYPOTHESIS TESTING WITH ONE SAMPLE


) Making a Decision and Interpreting the Decisio-
To conclude a hypothesis test, you make a decision and interpret that deci:
There are only two possible outcomes to a hypothesis test: (1) reject the : -
hypothesis, and (2) fail to reject the null hypothesis.


To use a P-value to make a conclusion
P-value with a.


1. If P < a, then reject Hs.


2. If P ) a, then fail to reject Ho.


hypothesis test, compare


Failing to reject the null hypothesis does not mean that you have acc-.
the null hypothesis as true. It simply means that there is not enough evider:-,
reject the null hypothesis. If you want to support a claim, state it so t:.
becomes the alternative hypothesis. If you want to disprove a claim, stat-
that it becomes the null hypothesis. The following table will help you int-::
your decision.


{- i::i::; i:; ;l=9.,


There is enough evidence
to support the claim.


There is not enough
evidence to support the clair


Interpreting a Decasion


You perform a hypothesis test for each of the following claims. How shou-:
interpret your decision if you reject 116? If you fail to reject H6?


/1e (Claim): A university publicizes that the proportion of its student'
graduate in 4 years is 82%.


11, (Claim): Consumer Reports states that the mean stopping distan;=
a drv surface) for a Honda Civic is less than 136 feet.


Solution


1. The claim is represented by Ho so if you reject fls, then you s-
conclude "there is sufficient evidence to indicate that the universitr"s :
is false." If you fail to reject Hs, then you should conclude "th.:
insufficient evidence to indicate that the universitv's claim (of a fou--
graduation rate of 82%) is false."


2. The claim is represented by H 
" 


so the null hypothesis is "the mean str . .


distance ... is greater than or equal to 136 feet." If you reject 110, th;
should conclude "there is enough evidence to support Consumer Rt.
claim that the stopping distance for a Honda Civic is less than 136 f-.
you fail to reject 11s, then you should conclude "there is not e:
evidence to support Consumer Reports'claim that the stopping distar.: -


a Honda Civic is less than 736 feet."


statistic falls in the
rejection region, the
observed
probability
(P-value) of a


type I error is less than a.
You will learn more about
rejection regions in the
next section.


There is enough evidence
to reject the claim.


There is not enough
evidence to reject the clarm.
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) Strategies for Hypothesis Testing
In a courtroom, the strategy used by an attorney depends on whei:=
attorney is representing the defense or the prosecution. In a similar u,
strategy that you will use in hypothesis testing should depend on whether ,


trying to support or reject a claim. Remember that you cannot use a hrp.
test to support your claim if your claim is the null hypothesis. So, as a res..
if you want a conclusion that supports your claim, word your claim so -,
alternative hypothesis. If you want to reject a claim, word it so it is ::
hypothesis.


Writing the Hypotheses
A medical research team is investigating the benefits of a new surgical tre:. : "


One of the claims is that the mean recovery time for patients after t:,=


treatment is less than 96 hours. How would you write the null and alte-,
hypotheses if (1) you are on the research team and want to support the , - -
(2) you are on an opposing team and want to reject the claim?


Solution


To answer the question,first think about the context of the claim. B.:.",
you want to support this claim, make the alternative hypothesr. ,


that the mean recovery time for patients is less than 96 hou:.
Ho: p, <-96 hours. Its complemenl, p, > 96 hours, would be th. - 


"


hypothesis.


Hs: p, > 96


Ho: p. <.96 (Claim)


First think about the context of the claim. As an opposing researche .


do not want the recovery time to be less than 96 hours. Because you $, :-
reject this claim, make it the null hypothesis. So, 11s: pr. < 96 hou-,
complement, p > 96 hours, would be the alternative hypothesis.


Ho:P'96(Claim)


Ho: p, > 96


You represent a chemical company that is being sued for paint dama:.
automobiles. You want to support the claim that the mean repair co!. r :


automobile is less than $650. How would you write the null and altern.-
hypotheses?


You are on a research team that is investigating the mean temperatu-.
adult humans (see page 396).The commonly accepted claim is that the ::.. .


temperature is about 98.6"F. You want to show that this claim is false. F-


would you write the null and alternative hypotheses?


Determine whether you want to support or reject the claim.
Write the null and alternative hvootheses. Attsncr; l),r ,


1.


)


a.


b.


--
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Left-Tailed Test


Two-Tailed Test


HYPOTHESIS TESTING WITH ONE SAMPLE


Fi:':ding a F-vatrue for e Left-Tailed Test


Find the P-value for a left-tailed hypothesis test with a test si:. '


z : -2.23. Decide whether to reject Hs if the level of significance is ., -


Sc3ution
The graph shows a standard normal curve with a shaded &re& to I::
z : -2.23. For a left-tailed test,


P : (Area in left tail).


From Table 4 in Appendix B, the area corresponding to z : -223 ''
which is the area in the left tail. So, the P-value for a left-tailed hypot:= -


with a test statistic of z : -223 is P : 0.0129 '


Interpretation Because the P-value of 0.0129 is greater than 0.01. r'c* '
fail to reiect l1s.


Find the P-value for a left-tailed hypothesis test with a test st:'-. -


z : -1,.62. Decide whether to reject H6 if the level of significance is c. =


a. (Jse Thble 4 in Appendix B to locate the area that corresponds to ; :
b. Calculate the P-value for a left-tailed test, the area in the left tail.


c. Compare the P-value with a and decide whether to reiect H0'


Finding a F-value for a Two-Tailed Test


Find the P-value for a two-tailed hypothesis test with a test statistic of : - -


Decide whether to reject H0 if the level of significance is a : 0.05 '


Sslutis*
The graph shows a standard normal curve with shaded areas to the,:
z : -2.1.4 and to the right of z : 2.74. For a two-tailed test,


P : 2(Area in tail of test statistic) .


From Table 4,the area corresponding to z :2.14 is 0.9838' The area :-
right tail is 1 - 0.9838 :0.0162. So, the P-value for a two-tailed hypo.-


test with a test statistic of z : 2.14 is P : 2(0.0762) : 0.0324.


Interpretation Because the P-value of 0.0324 is less than 0'05, you :'
reject 11s.


Find the P-value for a two-tailed hypothesis test with a test statisi


z : 2.31. Decide whether to reject H0 if the level of significance is a :


a. [Jse Table 4 to locate the area that corresponds to z : 2.31'.


b. Calculate the P-value for a two-tailed test, twice the area in the tail c'.


test statistic.
c. Compare the P-value with a and decide whether to reject I1e'


,,l,l.tilcl. 1',,


The area to the left
of z. = -2.23 is


P =0.0129.


l_-lT


The area to the right
of z = 2.14 is 0.0162, so


P =2(0.0162) = 0.0324.


-r
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Hypothesis Testing Using p-values
In an advertisement, apizza shop claims that its mean deliverv time is les.
30 minutes. A random selection of 36 delivery times has a sample mean r, -
minutes and a standard deviation of 3.5 minutes. Is there enough evrde : - .
support the claim at a : 0.01? Use a p-value.


Solution The claim is "the mean derivery time is less than 30 minute .
the null and alternative hypotheses are


Ho: p > 30 minutes and H o. & < 30 minutes. (Claim)


The level of significance is a : 0.01. The standardized test statistic rs


i-u
z : - h; Because n > 30, use the ^:_test.o/Yn


28.5 - 30


x -251.


Because n > 30. use o : s - 3.5. Assumepr. : lr


In Table 4 of Appendix B, the area corresponding to ; : _2.5j is a


Because this test is a left-tailed test, the p-vaiue is equal to the area to t:.:
of a : -2.57. So, P : 0.0051. Because the p-value ii less than a : 0.0,
should decide to reject the null hypothesis.


Left-Tailed Test


rnterpretation At the r"/o level of significance, you have sufficient e'ic.
to conclude that the mean delivery time is less than 30 minutes.


Homeowners claim that the mean speed of automobiles travelins on :.-.
street is greater than the speed limit of 35 miles per hour. A random samp_.
100 automobiles has a mean speed of 36 miies per hour and a stan._
deviation of 4 miles per hour. Is there enough evidence to support the clai:
a : 0.05? Use a P-value.


a. Identify the claim. Then state the null and alternative hypotheses.
b. Identify the level of significance.
c. Find the standardized test statistic z.
d. Find the P-value.
e. Decide whether to reject the null hypothesis.
f. Interpret the decision in the context of the original claim. Att.;.,t.er; r'tr,;


The area to the left
oIZ=-1.)/ls
P = 0.0051.


\-,


-L


-
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---;:r;J";
Using a Tl-83/84, You can either
enter the original data into a list
to find a P-value or enter the
descri Ptive statistics.


Choose the TESTS menu.


'l : Z-Test.. .


Select the Data inPut oPtion if
you have entered the original
data. Select the Stats inPut
option if you are entering
the descriPtive statistics.
ln each case, enter the
appropriate values
including the corresPonding
type of hypothesis test
indicated bY the alternative
hypothesis. Then select
Calculate.


Emsight
lf the test statistic
falls in a rejection
region, it would
be considered an


unusual event.


-Tr=..t.
inii:-Erar:a ltlFtE
Lrq ! E.l
'I: , 4?
E:6, r47
rr:53


'ilffitliE, di:3''


solution The P-value for this test is given as 0.0440464253. Becaus.


P-value is less than 0.05, you should reject the null hypothesis'


For the TI-83/84 hypothesis test shown in Example 6, make a decision a:


a : 0.01 level of significance.


a. Compare the P-value with the level of significance'


b. Make vour decision' '4ri srtt't" I" -


) Rejection Regions and Critical Values


Another method to decide whether to reject the null hypothesis is to detc=


whether the standardized test statistic falls within a range of values calie:


rejection region of the sampling distribution'


Using a Technology Tool to Find


What decision should you make for the


level of significance of a : 0.05?


Tr-83/84 Tr-83/84


iilt;tarEx$+t'
E=t'. ttr? \


- le5


r1=53


A rejection region (or critical region) of the sampling distribution is tl-.


rangi of valuei for which the null hypothesis is not probable. If a te''


statistic falls in this region, the null hypothesis is rejected. A critical value :
separates the rejection region from the nonrejection region'


I finding Critical Values in a Normal Distribution


i 1. Specify the level of significance a'


! z. oecide whether the test is left-tailed, right-tailed, or two-tailed.


: S. f ittO the critical value(s) 20. If the hypothesis test is


: a. Ieft-taited,find the z-score that corresponds to an area of a'
;-
I n. right_tailed,find the z-score that corresponds to an area of 1 - c.


, .. two-tailed,find the z-scores that correspond to |a and 1 - i"
+. st 


"trh 
the standard normal distribution. Draw a vertical line at eac:


r critical value and shade the reiection region(s)'


a P-value
following TI-83/84 displays, usir.
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) Using Rejection Regions for a z-Test
To conclude a hypothesis test using rejection region(s), you make a decision md
interpret the decision as follows.


To use a rejection region to conduct a hypothesis test, calculate


standardized test statistic z. If the standardized test statistic


f. is in the rejection region, then reject 11s.


2. is not in the rejection region, then fail to reject I1s.


Z1 Z0zo 0


Left-Tailed Test Right-Tailed Test


Failing to reject the null hypothesis does not mean


the null hypothesis as true. It simply means that there is
reject the null hypothesis.


that you have
not enough evidencs


th€


Fail to reject I1o. Fail to reject flo.


Reject I/o


ffi:
o zo Z>1'


Fail to reject Ilo.


z4-zo-2o ij 2o z> zo


Two-Tailed Test


Using Rejection Regions for a z-Test for a Mean p,


frc Egords fx,Sy:ee$cis


1. State the claim mathematically State Hs and Ho.


and verbally. IdentifY the null
and alternative hyPotheses.


2. Specify the level of significance. Identify a.


3. Sketch the sampling distribution.


4. Determine the critical value(s). Use Thble 4 in Appendix B.


5. Determine the rejection region(s).


6. Find the standardized test statistic. , : 7.or if n > 30
ol\/n


use d ^i ,t.


7. Make a decision to reject or fail to If z is in the rejection region-


reject the null hypothesis. reject fls. Otherwise, fail to
reject 11s.


8. Interpret the decision in the context
of the orisinal claim.







['f \.2' ,.ti!)ri ..1.) i1'!i1i-'


'Iurelc pufrJo eql Jo 1xe1uo3 er{l ur uorsrJep eql p.tdnruI '!
'slsoqlod.{q finu oql lceier 01 roqleq^\ apnae'qdur8 e qcle>ls 'a


'z crlsr1e1s lsel pezrpJepuEls eql pu!.4 'p
'uorSeJ uorlJe[oJ eql .{Jrluopr pue 0z anle^ IerrlrJc erll puv 'r


'i? ecuBcrJruSrs Jo Ie^al eql {tuuau .q


''H pue fi e1e1s pue rur€p eqt {tuuapl 'v


'Iurep s.oEJ eql lsel
'I0'0 : D lV'rnoq S'0 Jo uorter^ep prupuels € qlr,^A. srnoq Z'g yo ,{ep >lro,^A uueur
e ssq sluelunooce s.urJrJ orll Jo gg ;o eldues uopueJ V'sJnoq g'8 u€q1 ssel sr


sluelunocoe slrxJrJ oq1 yo ,{ep IJo,r ueJur eqt leql surelc ruJrJ oql jo OAI er1l


'rorre Surldrues ol onp .{lqeqord sr


ueeru pezseqlod,{q oql puu crtsrlets tsel ;no.{ uee.rloq ecuoreJJlp eql'000'gt$
ueqt ssel sr serJeles (sluelunoJce eql ilu Jo ueeru eql leql rurEIO oql uoddns
(ecuecgruSrs Jo Ie^el %g e W) touu€c no.{ '6gg'gyg Jo ueatu e seq eldrues ;no.{
q8noqt ue.l,g'eydruexe slql ur eperu uorsrJep eql puelsJepun no.{ oJns eg


a)ue)r+ruors +o le^al %s
'000'St$ ueqt ssal st ,,{re1es ueeru


oql leql rurelc ,see.,{oldrue eq1 iloddns o1


ecuecr;ru8rs Jo le^el "/oS eql le eruepr^e
q8noue lou sr eJer{J uollnlatdtaruT


'srsaqlod,{q


flnu aql lceie.r o1 pe; no{'uotSer uotlcefer
eql ur lou sr z esnBceg 'z crlsrlels lsal
pazrpJepuels eql pue uor8e,r uorlceler
aq1 Jo uortecol eql s,roqs qderS eq1


'89'I- Ri


rylloozs


itr,. Ltolleir- .r:cl rl1:iir 1,.


pr.ri1.i11 rr \r i uirLroH il .tr 
i


.lril llrill .ll-liilf U();) rl1 3lil -
;r.rarl I "13,1-\l rrtirrr 


1 
riiiir'


'IA'0 = o qll11


asn ialDu!|sa vdq aqi
uolp8 ncl sa11u tnortlit:,


aql tDq| wlDlJ all J.tr


qBnoua Suo.ris aJuapt \


(Vti :--rr.iro5l 'uo;;e6 led sa;ru- 1 -


uorler^ap prepuels e qlr^\ ,_ ::
red sa;ru-r ;ZS +o ueau elc -;
surelqo pue 6utnup {e',nui - ..


sJe) tE slsal lr 'uirell slr l-: : : '


o1 {ennqbrq aq} uo uol :- ' :


sapLu lS spaa)xa puql- :


e sa^arlaq epuoH leql as3::'
'(Iennq6rq) uo;;eb rad sa -


pue (fio) uo;1e6 rad selrL! i; -


e6eelru-r ueoLu e peLl il p -: -
)r^r) epuoH aLll seM a6:= -


lsaq aql palsod leq] uorssrrL:-:
)rleuolne ue qll^^ re) })ec _ :


aq1 leaI lua)or e ul 'sa: -:
rebuessed +o slapour pue s: ': -


;;e ro1 e6ee;ru se6 1o s1-: :;
saqsrlqnd (Vdt)


fuua6y uorl)aloJd
leluouruor rAuf
aqt 1ee{ qre3


!s


$:J==


000'9t - 009'€t
uL/o
rl_x


sr srlsrlEls 1se1 pezrprspuEls
eqJ-'gr9'I- > z sl uor8er uortceler eql pu€ gVg'b : 0z sl anle^ I€Jrlrrt
eqt '90'0 - D sr ocueJr;ru8rs;o Ie^ol oql pue lsol pelel-Uel e sr lsel aql asnereg


(ru1u13) '000'gt$ > rt :'H pu€ 000'st$ < 11 '.0H


se uellrr,^A eq uBc seseqlocl^q o^rleuJelle
pue ilnu eql 'oS ..'000'Et$ ueql ssel sr,fte1es ueoru eqt,, sr rurelc erll usltrnlcg


'ure;r.seafoldue
aql lsol '90'0 : n tY '0029$ Jo uorlenop prBpuels e


r{ll,rrr got'to* ;o .,{:eps ueeru e seq sluelunocJu s,ruJrJ eql
Jo 0E Jo eldues uopuer V'000'St$ sr qrrq,r's,rolrledruoc
slr Jo ]Bql ueql ssel sr slu€lunocc? s,urrrJ eql 1o (re1es


ueetu eql leq] turelc urrq Surlunocce e8rel e ur saedoldurg


aidLU€S efl:*X s r{AlAr{ rl #u;asai


'000'-qf - d cunssv


00Zg : J =, esn'08 < 1.1 esn€Je8


'lso]-l eql esn'0E < l/ esnuJoB


€


:* r-l
--i-* .l>.!J': -\


-:g,-
Fj'J


'Eg7 eSed uo
sdels 7g7gg-1a eeg


96'0=n-I


r,8g (sttdv\vs lguv-l) NVrrA rHi uor 9NU-srr srsrHr-od H i!,-llt,rl!







388 a:-tl:,r'lil1 'l


-Te=t
u* 1E4E t4


z= -2. t4E?5974
r=. t4?58719F3
E=114345
n=9Etl


Using a Tl-83/84, you can
find the standardized test
statistic a utomatica I ly.


HYPOTHEsIS TESTING WITH ONE SAMPLE


Protitotiltl )


Solution You want to support the claim that "the mean cost is


from $10,460." So, the null and alternative hypotheses are


Ho: F: $10,460


and


H oi tr + $10,460. (Claim)


Because the test is a two-tailed test and the level of significance is a :
:1.96. The rejection regic:the critical values are -20: -1.96 and zs


z < -196 and z )> 1.96. The standardized


x-lL
Because n > 30. use the t


ol \n
10,345 - 10,460 Because n > 30, use o' = s :


$401.../900 Assume Pr' - $10'460'


-2.24.


The graph shows the location of the


rejection regions and the standardized
test statistic z. Because z is in the


rejection region, you should reject the
null hypothesis.


Interpretation You have enough
evidence to conclude that the mean


cost of raising a child from birth to
age 2 in a rural area is significantly
different from $10.460 at the 5% level
of sisnificance.


Using the information and results of Example 10, determine whether th.:,
enough evidence to support the claim that the mean cost of raising a chilc -- *


birth to age 2 in a rural area is different from $10,460. Use a : 0'01'


a. Identify the level of significance a.
b. Find the critical values f zs and identify the rejection regions.


c. Sketch a graph. Decide whether to reject the null hypothesis.


d, Interpret the decision in the context of the original claim.


Testing p with a Large SamPle


The U.S. Department of Agriculture reports that the mean cost of ra:. - 
-


child from birth to age 2 in a rural area is $10,460. You believe this r . -,
incorrect, so you select a random sample of 900 children (age2) and fii:
the mean cost is $10,345 with a standard deviation of $1540' At a : ' '
there enough evidence to conclude that the mean cost is differen:.- -


$10,460? (Atla;:tted.fi-onr L|.5. [)epurLntent O.l'Agricultttre center for Nrttritirttt i'


test statistic is


To explore this topic furthe4
see Activity 7.2 on page 395.


-3.1-2\-1 0 I


:. = -2.21 -zo = -1.96 zo = I .:-


5% Level of Significance
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) Using P-values with t-Tests
Suppose you wanted to find a P-value given / : 1.98. 15 degrees of fre .-
and a right-tailed test. Using Table 5 in Appendix B, you can determine ,


falls between a : 0.025 and a : 0.05, but you cannot determine an exac:


for P. In such cases, you can use technology to perform a hypothesis te.
find exact P-values.


Using P-values with a f-Test
The American Automobile Association claims that the mean daily me-
for a family of four traveling on vacation in Florida is $118. A random s'- "


of 11 such families has a mean daily meal cost of $128 with a standard de " -


of $20. Is there enough evidence to reject the claim at .a:0.10? -\.,-*
the population is normally distributed. (Adttpttd .fiortt tlntericrtrt )t,
,,\.s.rocintiott )


Solution The TI-83i84 display at the far left shows how to set ;-
hypothesis test.The two displays on the right show the possible results, dep=- -
on whether you select "Calculate" or "Draw."


T-Test
tt =* 11A


r=1.6583'12395
n= 1)R)LF'9922
x=1 28
Sx=2O
n=1 1


From the displays, you can see that P x 0.1282. Because P > 0.1


should fail to reject the null hypothesis. In other words, there is not i:
evidence to reject the claim aI the 707o level of significance.


The American Automobile Association claims that the mean nightlr' i : -
rate for a family of four traveling on vacation in Florida is at least S - ''
random sample of 6 such families has a mean nightly lodging rate of S I - -
a standard deviation of $15. Is there enough evidence to reject the c.' -
a : 0.05? Assume the population is normally distributed. fArl,rl'
Artterittrtt AtttotuobiIa Associatittn )


a. Use a TI-83/84 to find the P-value.
b, Compare the P-value with the level of significance a.
c. Make a decision.
d.. Interpret the decision in the context of the original claim.


t-tuSL


Inpt:Data


Fo:1 1 I
x"128
Sx:2O
n:11
p:fu
Calculate


@


<Ho >Uc


Draw


j:n it 
=.'j 


,i=.:i t=; 'j' I i.1
Note that the Tl-83/84 display
on the far right in Example 6 also
displays the standardized test
statistic t = 1.6583.


lf you are using the Tl-83/84 and
have the original data from a
sample, remember that you can
enter it into a list and use
the Data input option
instead of the Stats input
option. To use MINITAB !
to perform a one-sample p


t-test, you must have f'
+l-.a ariainrt alr+r Lj


t=:1:


the orioinal data. w
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Insight
To learn how to
determine if a


random sample
is taken from a
normal distribution,
see Appendix C.


HYPOTHESIS TESTING WITH ONE SAMPLE


Finding Critieal Values for f
Find the critical value /s for a right-tailed test with a


Finding Critical Values for t
Find the critical values /s and -/s for a


n:26.


Solution The degrees of freedom are


d.f.:n-7


- ')<


To find the critical value, use Table 5 with
d.f. : 25 and a : 0.05 in the "Two lail, a"
column. Because the test is two-tailed, one


critical value is negative and one is


positive. So,


-to : -2.060 and ro : 2.060 '


Solution The degrees of freedom are


d.f.:n-7


: 16.


To find the critical value, use Thble 5 with
d.f. : 16 and a : 0.01 in the "One tail,
a" column. Because the test is right tailed'
the critical value is positive. So,


to: 2'583'


Find the critical value /6 for a right-tailed test with a : 0'05 and n : u


a. Find the /-value inTable 5 using d.f. : 8 and a : 0'05 in the "One :


column.
b. IJse a positive sign. A/i\r\


: 0.01 and n : I-


two-tailed test with a : [t


Find the critical values t/0 for a two-tailed test with a : 0.01 and ir


a. Find the r-value in Thble 5 using d.f. : 15 and a : 0'01 in the


a" column.


-; -./; -i


b. Use a negative and a positive sign. ./i t?.lir .
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Testing pr, with a Small Sample
A used car dealer says that the mean price of a 2005
Honda Pilot LX is at least $23,900. You suspect this
claim is incorrect and find that a random sample of
14 similar vehicles has a mean price of $23,000 and a


standard deviation of $1113. Is there enough evidence
to reject the dealer's claim at a : 0.05? Assume the
population is normally distributed. (Aclupred fn.tm l{elle1-


Blue Book)


Solution
The claim is "the mean price is at least
hypotheses are


Ho:p=$23,900(Claim)


and


$23.900." So. the null and alternal:i.


H o'. 11, 1 $23,900.


The test is a left-tailed test, the level of significance is a : 0.05, and there -:.
d.f. : 74 - 1 : 13 degrees of freedom. So, the critical value is to: -7.-- .


The rejection region is t < -1.771. The standardized test statistic is


i-1t'


tr-


L- tl\a
23,000 - 23,900


Because n < 30, use the l-test.


Assume pt : 23,900.
11,131\,41


x -3.026.


The graph shows the location of the
rejection region and the standardized test
statistic /. Because r is in the rejection
region, you should decide to reject the null
hypothesis.


Interpretation There is enough evidence
atthe 5"/" level of significance to reject the
claim that the mean price of a2005 Honda
Pilot LX is at least $23,900.


:r';:,: I l:, ':ti:.,i;:":=:',,:i.i :i


An insurance agent says that the mean cost of insuring a2005 Honda Pilo: -1
is at least $1350. A random sample of 9 similar insurance quotes has a r:,."n
cost of $1290 and a standard deviation of $70. Is there enough eviden;" ,,


reject the agent's claim at a : 0.01? Assume the population is norr:.,lt
distributed.


a. Identify the claim and state Hs and Ho.
b. Identify the level of significance a and the degrees of freedom d.f.


c. Find the critical value /s and identify the rejection region.
d. Use the /-test to find the standardized test statistic /.


e. Sketch a graph. Decide whether to reject the null hypothesis.
f. Interpret the decision in the context of the original claim.


See MINITAB
steps on page 4lr
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"i
Remember that when vou fail


hypothesis, p = O.2,


may be false.


to reject Ho, a type ll error ,Fn
is possible. For instance, .* :A
in Example 1 the null "; "


HYPOTHESIS TESTING WITH ONE SAMPLE


Hypothesis Test for a Proportion
A research center claims that less than 20"/" of Internet
users in the United States have a wireless network in their
home. In a random sample of 100 adults, 15% say they
have a wireless network in their home. At a : 0.01, is
there enough evidence to support the researcher's claim?
(Atluptad front I'en, Ilcsearclt Ccnter)


Solution The products np : 100(0.20) : 20 and nq : 100(0.80) : SLr ,
both greater than 5. So, you can use a z-test. The claim is "less than20oh h'
a wireless network in their home." So, the null and alternative hvpotheses ':


Hs:p>0.2 and Ho: p 10.2. (Claim)


Because the test is a left-tailed test and the level of significance is a : (r.


the critical value is zo : -2.33 and the rejection region is z < -2.33. T
standardized test statistic is


?,-p
Because np > 5 ancl nq > -5, youcan use the ^- -


Y pqln


0.15 - 0.2


vio.rXosyloo
Assume p - 0.2.


The graph shows the location of the
rejection region and the standardized test
statistic z. Because z is not in the rejection
region, you should fail to reject the null
hypothesis.


Interpretation At the 1% significance level, there is not enough evidenc.
suppoft the claim that less than20"/" of Internet users in the United States h:
a wireless network in their home.


A research center claims that less than 30% of cellular phone users whi,-
phone can connect to the Internet have done so while at home. In a randi -
sample of 86 adults, 20"h say they have used their cellular phone to conneci .


the Internet while at home. At a - 0.05, is there enough evidence to supp. .-


the researcher's claim? (Arluprad fiotrt ['at'Ila.reurclt Ccnterl


a. Verify that np > 5 and nq > 5.


b. Identify the claim and state Hg and Ho.
c. Identify the level of significance a.
d, Find the critical value ze and identi.fy the rejection region.
e. [Jse the z-test to find the standardized test statistic z.
f, Decide whether to reject the null hypothesis. Use a graph if necessary.
g. Interpret the decision in the context of the original claim. Attsn,er; Pu*


To use a P-value to perform the hypothesis test in Example 1, use Thbl. -


to find the area corresponding to z : -1.25 . The area is 0.1056. Because this -,
left-tailed test, the P-value is equal to the area to the left of 7 : -1.25. >


P - 0.1056. Because the P-value is greater than a : 0.01, you should fail to re-. "


the null hypothesis. Note that this is the same result obtained in Example 1.


See TI-83/84 ste:
on page 435.
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410 flr;1PTEF. 'i HYPOTHESIS TESTING WITH ONE SAMPLE


f psl"


Qln) - p


Hypothesis Test for a Proportion
The Pew Research center claims that more than 55o/o of u.S. adults rei-
watch their local television news. You decide to test this claim and .
random sample of 425 adults in the united States whether they regularlr -., 


,


their local television news. Of the 425 adults, 255 respond yes. At a : , .


there enough evidence to support the claim?


5o|utionTheproductsnp:425(0.55)x234and,nq:425(0,45
are both greater than 5. So, you can use a z-test. The claim is "more tha: : ,


of U.S. adults watch their local television news." So. the null and alte i: _


hypotheses are


Hs: p '< 0.55 and Hot p ) 0.55. (Claim)


Because the test is a right-tailed test and the level of significance is a =
the critical value is zo : L.645 and the rejection region is z ) 1.6j-.
standardized test statistic is


p-p


Te=L
55FrtrFi. f,i


==?.871938535p=. t41T1355287
F=.6
n=4?5


\/ psl-n


(2ssl42s) - O.ss


\,@.ss)(oAsyas
x 2.07.


The graph shows the location of the
rejection region and the standardized test
statistic z. Because z is in the reiection
region. you should decide to reiecr t'he null
hypothesis.


rnterpretation There is enough evidence at the 5o/o level of signific,--,
support the claim that more than 55% of U.S. adults regularlv watch the.:
television news.


The Pew Research center claims that more than 30yo of u.S. adults r.. - .


watch the weather channel. You decide to test this claim and ask a ::: -
sample of 75 adults whether they regularly watch the weather channel. _


75 adults,27 respond yes. At a : 0.01, is there enoush evidence ro :-::
the claim?


a. Verify Lhat np > 5 and nq > 5.
b. Identfu the claim and state Hs and Ho.
c. Identify the level of significance a.
d. Find the critical value 2s and identify the rejection region.
e. (Jse the z-test to find the standardized test statistic z.
f. Decide whether to reject the null hypothesis. use a graph if necessa:.
g. Interpret the decision in the context of the original claim.


Because n;t > 5 and nc1 > 5. you can Llse


f,, : ,ln.


Assume p : 0.-55.


Using a Tl-83/84, you can find
the standardized test statistic
automatically.


,i*-.'' To explore this topic further;
'r'' see Activity 7.4 on page 413.


.0 - r .uTJ
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othesis Testin for Variance and Standard Deviation
Critical Values for a 12-Test > The Chi-Square Test


) Critical Values for a a2-Test
In real life, it is often important to produce consistent predictable results. i
instance, consider a company that manufactures golf balls. The manufactu:,
must produce millions of golf balls, each having the same size and the sa


weight. There is a very low tolerance for variation. If the population is norr: -


you can test the variance and standard deviation of the process using .-
chi-square distribution with n - 1 degrees of freedom.


Finding Critical Values for the 12-Test
1. Specify the level of significance a.


2. Determine the desrees of freedom d.f. : n - I.


3. The critical values for the a2-distribution are found in Table 6 of
Appendix B. To find the critical value(s) for a


a. right-tailed test, use the value that corresponds to d.f. and a.


b. left-tailed lesl, use the value that corresponds to d.f. and L - a.


c. two-tailed test, rrse the values that correspond to d.f. and ja and d.f
and 1 - la.


value ,Xl


Critical
value .Il


value X2^


rr,!ote ta Instructor
'l"hi: seeticn can be omitted or
.: v:rcCi iater (with Chapter 10)
,.,';t'tncut icss of continuity.


,:' l. .',.-.:,,,.t,1t,,'r.'-",,-t,tt,t'':-


Finding Critical Values for yz
Find the critical yz-value for a right-tailed


Solution The degrees of freedom are


d.f. - n - 7:26 - 1-- 25.


The graph ar the right shows a


x2-distribution with 25 degrees of
freedom and a shaded area of a : 0.10


in the right tail. In Thble 6 in Appendix B
with d.f. :25 and a : 0.10, the critical
value is


xf;: z+.zaz.


testwhen n : 26 and a : 0.1[,


Find the critical y'-value for a right-tailed test when ru : 18 and a : 0.01


Find the value using Thble 6 in Appendix B with d.f. : n - 1 and the area
Anstte r: I1t':'


Critical


5 l0 15 20 25 30/
il2Critical
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Finding Critical Values tov Yz
Find the critical rz-value for a left-tailed test when n : 11 and a : 0.01 .


Solution The degrees of freedom are


d.f. : n- 1 : 11 - 1 : l0.Thegraph
at the right shows a /-distribution with
10 degrees of freedom and a shaded


area of a : 0.01 in the left tail' The area


to the right of the critical value is


7 - a: 1 - 0.01 : 0.99.


In Table 6 with d'f. : 10 and the


area 1 0.99, the critical value is


720 
: Z'SSS '


Find the critical yz-value for a left-tailed test


Find the value using Thble 6 with d.f. : n -


Finding Critical Values for Yz
Find the critical X2-values for a two-tailed test when n : 13 and a : 0.01 .


Solution The degrees of freedom are


d.f. : n - 1 : 13 - 1 : 12. The graph


at the right shows a Xz-distribution with
12 desrees of freedom and a shaded area


of 1" : 0.005 in each tail. The areas to
thJrisht of the critical values are


|a : 0.00s


and


1 - t": 0.99s.


In Thble 6 with d.f. : 12 and the areas


0.005 and 0.995, the critical values are


Xzr: 3.074 and Yzo: 28'299'


Find the critical 12-values for a two-tailed test when iz : 19 and a : 0.05'


a. Find the first critical vahte y2, using Table 6 with d'f' : n - 1 and the


arealo.


b. Find the second critical value 7l using Thble 6 with d.f. : n - 1 and the


areal - 1;a. 
"lrtrlt'e'r': 


Puga tl||


415


whenn:30anda:0.05.
1 and the area I - a.


Att.vrer: ['rtgc A11
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Note to Instructor


Review the properties of chi-square
distributions. Tell students that this
family of distributions will be used
in later chapters, but the degrees
of freedom for those tests are not
necessarily n - 1.


Note to Instructor


Although other methods of testing
hypotheses have also required
that data come from normally
distributed populations, the
tests for variances and standard
deviations can be misleading
if the populations are not normal.
Exolain that the condition for
a normal distribution is more
important for tests of varrances
or standard deviations.


Using the 12-Test for


J.+g t$ i;:';.*r* fiT S;':ssd;;-,fu*


State Hs and Ho.


Identify a.


d.f.:n-7


Use Thble 6 in Appendix B


, \n - r)s-
x-j o-


If x2 is in the rejection
region, teject Hs.
Otherwise, fail to
reject 116.


HYPOTHESIS TESTING WITH ONE SA,MPLE


Note that because chi-square distributions are not symmetric (like normal c:
r-distributions), in a two-tailed test the two critical values are not opposites. Eac:
critical value must be calculated separately.


) The Chi-Square Test
To test a variance o2 or a standard deviation o of a population that is normal,'
distributed. you can use the x2-test. The ;2-test lor a variance or standa:-
deviation is not as robust as the tests for the population mean p or the populatic.


proportjon p. So. it is essential in performing a X2-test lor a variance or standa::
deviation that the population be normally distributed. The results can be mislead:.
if the population is not normal.


The a2-test for a variance or standard deviation is a statistical test for a
population variance or standard deviation. The X2-test can be used when tL=


population is normal. The test statistic is s2 and the standardized test statistic
, ", )


" \n - 1Js-
x*) o-


follows a chi-square distribution with degrees of freedom


:n-1,.


I


f


1.


a Variance or Standard Deviation


State the claim mathematically and
verbally. Identify the null and
alternative hypotheses.


Specify the level of significance.


Determine the degrees of freedom and
sketch the sampling distribution.


Determine any critical values.


Determine any rejection regions.


Find the standardized test statistic.


Make a decision to reject or fail to
reject the null hypothesis.


8. Interpret thO decision in the context
of the original claim.


)


3.


4.


6.


7.







A community
center claims that
the chlorine level
in its pool has a


;tandard deviation of 0.46 Parts
cer million (ppm). A samPling
rf the pool's chlorine levels at 25


'andom times during a month
. ields a standard deviation of
1.61 PPm. (idartec itorr liiret c:n


!11P11)


I


O


o l'.
lJl
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Usimg a ffiypothesis Tes€ f*r the PopuE*ticft Varcanee


A dairy processing company claims that the variance of the amount of fat in


the whole milk processed by the company is no more than 0.25. You suspect


this is wrong uttO tittA that a random sample of 41 milk containers has a


variance of 0.21 . At a : 0.05, is there enough evidence to reject the company's


claim? Assume the population is normally distributed'


Sglu?i*n The claim is "the variance is no more than 0.25'" So. the null and


alternative hypotheses are


Hs'.o2 -.0.25 (Clainr) and Hn'.o2 > 0.25.


The test is a right-tailed test, the level of significance is a : 0'05, and there are


d.f. : 41 - 1 : 40 degrees of freedom. So, the critical value is


) -- 4-^x;: ))'/)d'
The rejection region it X' > 55.758. The standardized test statistic is


(n - 1)sl
X2 : -- Use the c1'ti-scluat'c test'


o"
(41 - 1)(0.27)


nt<


The graph shows the location of the


rejection region and the standardized test


statistic 12. Because 1r is not in the


rejection region, you should fail to reject


the null hypothesis.


Interpretation You don't have enough


evidence at the 5oh level of significance to
reject the company's claim that the


variance of the amount of fat in the whole


milk is no more than 0.25.


xzo = 55 '7 58


A bottling company claims that the variance of the amount of sports drink in


a 12-ounce bottle is no more than 0.40. A random sample of 31 bottles has a


variance of 0.75. At a : 0.01 , is there enough evidence to reject the company's


claim? Assume the population is normally distributed'


a. Identify the claim and state Ht) and Ho.


b. Identijy the level of significance a and the degrees of freedom d.f.


c. Find the critical value and identify the rejection region'


d. Use the X2-test to find the standardized test statistic 1''
e. Decide whether to reject the null hypothesis. Use a graph if necessary'


f, Interpret the decision in the context of the original claim'
.:t ii.\\i i't : i'titt' A jJ


1.0 1.4 1.8 2.2 7.6 3.0


Chlorine level (ppm)


\r a = 0,05 is there enough
t'iclence to reiect the claim?


iL llic 5'li, sigt'tillclil"'ce !ci'rl. lircl-t:


.,righ cviclcttcc 1o rcject ihc cllirrl
,iie cirlolirte lcrei irl ilic Ptlol has


rrilicl clcvi;ilion lt t).16 pltl-t-r


r iliilrt.


='a


n 
J"'!


=


ro 20 :b io :o \oo
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.:
Although you are testing
a standard deviation in
Example 5, the x2-statistic
reouires variances. Don't
forget to square the given
standard deviations to
calculate these variances.


HYPOTHESIS TESTING WITH ONE SAMPLE


Using a !"lypathesis Test for the Standard Deviatiot"l


A restaurant claims that the standard deviation in the length of serving tir: '
is less than 2.9 minutes. A random sample of 23 serving times has a stand.


deviation of 2.1 minutes. At a : 0.10, is there enough evidence to support -


restaurant's claim? Assume the population is normally distributed.


SOlUtiOn The claim is "the standard deviation is less than 2.9 minut.'
So, the null and alternative hypotheses are


Hsi o > 2.9 minutes and H;. o I 2.9 minutes' (Claim)


The test is a left-tailed test, the level of significance is a : 0.10, and there .-


d.t.:23-7
^^


degrees of freedom. So, the critical value is


x3: 14.042.


The rejection region it X' < 1,4.042. The standardized test statistic is


(n - 1\?
X2 - ' - ;'- Llse the chi-square test'


o-
(23 - l)(2.1)2: ---;.rr- Assume o : 2"r).


,= I t.)JO.


The graph shows the location of the


rejection region and the standardized
test statistic y2. Because 12 is in the


rejection region, you should reject the


null hypothesis.


Interpretatioi'r There is enough evidence


at the 10% level of significance to support
the claim that the standard deviation for
the length of serving times is less than


2.9 minutes.


A oolice chief claims that the standard deviation in the length of response :--
is iess than 3.7 minutes. A random sample of 9 response times has a stan:


deviation of 3.0 minutes. At a : 0.05, is there enough evidence to suppor-


police chief's claim? Assume the population is normally distributed.


a. Identify the claim and state Hs and Ho.


b. Identijy the level of significance a and the degrees of freedom d.f.


c. Finrt the critical value and identify the rejection region'


d. [Jse the X2-test to find the standardized test statistic X''
e, Decide whether to reject the null hypothesis. Use a graph if necessarr'


f. Interpret the decision in the context of the original claim'
l,tr:r-,. /


"rffiil







HYPOTHESIS TESTING FOR VARIANCE AND STANDARD DEVIATION 4t9


Using a Hypothesis Test for the Fopulation Variance


A sporting goods manufacturer claims that the variance of the strength in


a certain fishing line is 15.9. A random sample of 15 fishing line spools has


a variance of 21.8. At a:0.05, is there enough evidence to reject the


manufacturer's claim? Assume the population is normally distributed.


SOlutiOn The claim is "the variance is 15.9." So, the null and alternative


hypotheses are


Ho'.oz :15.g (Claiml and Ho:o2 + 1,5.9'


The test is a two-tailed test, the level of significance is a : 0.05, and there are


d.f.:15-1
- 1A


degrees of freedom. So, the critical values are y2t- 5.629 and y2o: 26'119'


The rejection regions are y2 < 5.629 and yz > 26.119. The standardized test


statistic is


, 'r 7


, \n - 1/s-
i-) o'


(1s - 1)(21.8)


Use the chi-square test.


Assume o2 : 15.9.
15.9


x L9.795.


The graph shows the location of the


rejection regions and the-standardized
test statistic X2. Because / is not in the


rejection regions, you should fail to reject
the null hypothesis.


Interpretation At the 5% level of
significance, there is not enough evidence


to reject the claim that the variance in the


strength of the fishing line is 15.9.


\a= 0.025 )a= 0.025


s\ ro


x2,. = 5'629


30


= 26.179X,O


A tire manufacturer claims that the variance of the diameters in a certain tire


model is 8.6. A random sample of 10 tires has a variance of 4.3. At a : 0.01, is


there enough evidence to reject the manufacturer's claim? Assume the


population is normally distributed.


a. Identify the claim and state Hs and Ho.


b. Irtentify the level of significance a and the degrees of freedom d'f'


c, Find the critical values and identify the rejection regions.


d. [Jse the 12-test to find the standardized test statistic /.
e. Decide whether to reject the null hypothesis. Use a graph if necessary.


f. Interpret the decision in the context of the original claim.
illlstt'et: f'tt.qe',\1 1
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EXERCISES


F*r Ssf;*


Specify the level of signif icance
a. Determine the degrees of
{reeciom. Determine the critical
values using the 12 distribution.
ti' (a) r"ight-tailed test, use the
value that corresponds to d.f.
enc cr; (b) left-tailed test, use the
value that corresponds to d.f.
and 1 - cr; (c) two-tailed test,
use the value that corresPonds
to d.f. and j" and 1 )".
State He and H,. Specify the
ievel of significance. Determine
the degrees of freedom.
Determine the critical value(s)
and rejection region(s). Find the
standardized test statistic. Make
a decision and interpret in the
context of the original claim.


38.885 4. 14.684 5. 0.872


13.091 7. 7.261, 24.996


12.461, 50.993


(a) Fail to reject H6.


(b) Fail to reject Ho.


(c) Fail to reject He.


(d) Reject Ho.


10. (a) Fail to reject He.


(b) Fail to reject Hs.


(c) Reject He. (d) Reject Ho


'l 1. (a) Fail to reject H6.


(b) Reject Ho. (c) Reject H6.


(d) Fail to reject Ho.


12" (a) Fail to reject Ho.


{b) Fail to reject Ho.


(c) Fail to reject H6.


id) Reject H6.


3"


6.
o


. H A I T I N 7 HYPOTHESIS TESTING WITH ONE SAMPLE


r #axxE#Er=g ffimsE* #*# V#flefuexEers


1. Explain how to find critical values in a y2 sampling distribution.


2. Explain how to test a population variance or a population standard deviation


In Exercises 3-8, find the uitical value(s) for the indicated test for a populatio':


variance, sample siz€ fl, and level of significance a.


3. Right-tailed test,


n:27,a:0.05
5. Left-tailed test,


n:7,a:0.01
7. Two-tailed test,


n:1.6.4:0.10


9. (a) Y2 :2.091'


(b) x2:o
@) xt : 1.086


(d) xt : 6.3411.


4. Right-tailed test,


n:1.0,4:0.10
6. Left-tailed test,


n:24,a:0.05
8. Two-tailed test,


n:29,4 : 0.01


10. (a) y2 -- 0.7tI
(b) x' : 9.486


@) x' : 0.701


(d) x' : e.so8


GraphiCaf AnalySiS In Exercises 9-12, state whether the standardized te :


statistic yz allows you to reject the null hypothesis.


y2\;
6 810


-A1<1


246


= 0.'7ll
8 /10


x2n = 9 '488


,,2A
.,2x


)
X-
.,2


11. (a)


(b)


(c)


(d)


..2 _x-
-.2 _X
_,2 *x-
,,2 _x-


22.302


23.309


8.451


8.577


(a)


(b)


(c)


(d)


: 10.065


: 10.075


: 10.585


: 10.745


x? = 8's47 4=22.30'7







HYPOTHESIS TESTING FOR VA,RIANCE AND STANDARD DEVIATION


In Exercises l3 and 14, use a yz-test to test the claim qbout the population variance


oz or standarcl cleviation o at the given level of significance a using the given


sample statistics. Assume the population is normally distributed'


13. Claim: o2:052;a:0'05' Samplestatistics: s2 :0'508'r : 18


14. Claim: o < 40la : 0.01. Sample statistics:s : 40'8' n:12


E 4J i+i :=5 #{=# i fEer*ilF=lEl+-i=t; =ii': 
!,.-.=:; : =:'=i+i;:'t-:i


TeSting Claims In Exercises 15-24, (a) write the clqim mathematicctlly and


identiff Hs and H", (b) find the *iticctl value(s) and identify the reiection


,egioi1s1, e) use the .z-test tct find the stantlartlized test statistic, (d) decide


wilether'io reject or fail to reject the null hypothesis, and (e) interpret the decision


inthecontextoftheorigin,alclaim,Foreachclaim,assL|methepopulationis
normallv distributed.


15.LifeofAppliancesAlargeappliancecompanyestimatesthatthevariance
ofthelifeofitsappliancesis3.Youworkforaconsumeradvocacygroup
and are asked to Lst this claim. You find that a random sample of the


livesof2Tofthecompany,sapplianceshasavarianceof2.S'Ata:0'05,
do you have enough "uid.tt." 


to reject the company's claim? (t\tlttltit'ti it"iii
(- t ; t t:; t t t t tc r [{: 1t t t tt : )


16. Hybrid vehicle Gas Mileage An automotive manufacturer believes that


the variance of the gas mileage for its hybrid vehicles is 6. You wolk for an


energy conservatioi agency ind want to test this claim. You find that a


random sample of the"miles per gallon of 28 of the manufacturer's hybrid


vehicles has a variance of 4.25. At a : 0.05, do you have enough evidence to


reject the manufacturer's claim? (i\dtrlttc,l .lt,,rtl (;tL(t1 lltl-riL!t


17. Science Assessment Tests on a science assessment test. the scores of a


random sample of 22 eighthgrade students have a standard deviation of 33'4


points. This iesult proipts i test administrator to claim that the standard
'deviation for eighth grud"r, on the examination is less than 36 points' At


a : 0.10. is there en*ough evidence to Support the administrator,s claim?


(Adup|((l-|j.()lltNutitlttttl(t,tttt'r'|'tlr1.7|111'111i7ltlttl.\nttlirl.l)


18. U.S. History Assessment Tests A state school administrator says that the


standarddeviationoftestScoresforeighthgradestudentswhotooka
U.S. history assessment test is less than 30 points' You work for the


administrator and are asked to test this claim. You randomly select 18 tests


and find that the tests have a standard deviation of 33.6 points. At a : 0'01.


is there enough evidence to suppolt the administrator'S claim? 1 !1i"rrf i 
'i "';:


'\iutittrttr! 
( Lttttr .fltr EtItrcltitttru! ^tartr'ilfu r;


l.g.HospitalWaitingTimesAhospitalspokespersonclaimsthattheStandard
deviation of the waiting times experienced by patients in its minor emelgency


department is no more than 0'5 minute' A random sample of 25 waiting times


has a standard deviation of 0'7 minute' At a : 0'10' can you reject the


spokesperson's claim?


20. Length of stay A doctor says the standard deviation of the lengths of stay


for fatients involved in a crash in which the vehicle struck a tree is 6'14 days'


A random sample of 20 lengths of stay for patients involved in this type of


crash has a standard deviation of 6.5 days. At a : 0'05, can you reject the


dOCtOf'S Claim? r.\,i,t1t11rll,"/11 \t1lr''',,tt !!i-ttttLt i!': / \'r'tl\ '\'ltttitti'L''rti"tit


42r


:ail to reject H6. At the 5%


;ignif icance level, there is not
:nough evidence to re1ect


:he clainr.


- =ail to reject Hs. At the 1oo


: gnificance level, there is not
-nough evidence to suPPort the
: alm.


, a) Ho: ,r2 - 3 (claim); Ho" 'r2 
+ 3


c) .vi - 13.844, yrt - +t'szz


Rejection reglons:


X2 .. 13.844, v2 '' 41 '923


.) 24.267 (d) Fail to reject Hs.


:) At the 5% significance level,


there is insufficient evidence


to reject the large aPPliance


company's claim that the
variance of the life of the
appliances is 3.


::e Selected Answers, Page 4109.


:.) Hs: o > 36; Ho: tr ": 36


(cla im)


,:) i3 - 13.240; Rejection


region: v2 ': 13.24A


:'; 18.A76 (d) Fail to reject Hs


=t Atthe 10% sigrrificance
level, there is insufficient
evidence to suPport the test
administrator's claim that the


standard deviation for eighth
graders on the examinatlon
is less than 36 Points.


::e Selected Answers, Page 4109'


,: Ho'. o = 0.5 (ciaim),


Hu: rr > 0'5


: \6 - 33.196; Rejection


region: 12.'- 3t.'t ot


47.04 (d) Reject n6'


. At the 10% signif icance


level, there is sufficient
evidence to reject the
hospital sPokesPerscn's
claim that the standard
deviation of the waiting
times is no more than 0.5


minute.


:-: Selected Answers, Page 4109
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21. (a) Ho'. o - $3SOO;


Hu:c 1$3500 (ctaim)


(b) xi : 18.114; Rejection


region: y2 < 18.114


(c) 37.051 (d) Fail to reject He.


(e) At the l0% significance
level, there is insuff icient
evidence to support the
insurance agent's claim
that the standard deviation
of the total charge for
patients involved in a crash
in which the vehicle struck
a construction barricade is


less than $3500.


22. (a) Ho'. o = $30 (claim);
H": rr > $30


(b) x6 : 37.566


Rejection region:
y2 ;, 37.566


(c) 2t.613 (d) Fail to reject He.


(e) At the 1% significance level,
there is insuff icient evidence
to reject the travel agency's
claim that the standard
deviation of the room rates
of hotels in the city is no
more rnan )5u.


23. (a) Hs'. a < $20,000;
Hu'.o)$20,000(claim)


tb) xi : 24.996; Rejection


region: y2 > 24.996


(c) 16.265 (d) Fail to reject Ho.


(e) At the 5% significance Ievel,
there is insufficient evidence
to support the claim that the
standard deviation of the
annual salaries for actuaries
is more than $20,000.


24. See Selected Answers, page ,A109.


25. P-value : 0.9059


Fail to reject Hs.


26. P-value : 0.1189


Fail to reject Ho.


27. P-value - Q.3647


Fail to reject H6.


28. P-value : 0.4574


Fail to reject He.


HYPOTHESIS TESTING WITH ONE SAMPLE


2L Total Charge An insurance agent says the standard deviation of the tc'--r


hospital charge for patients involved in a crash in which the vehicle str-:,
a construction barricade is less than $3500. A random sample of 28 tc -*


hospital charges for patients involved in this type of crash has a stand::*
deviation of $4100. At a : 0.10, can you support the agent's claim? flri
.f r o m N a t i o n u I H i gh w ay Tr aJf i c S afe t v Atl nin is t r at itt t't )


22. Hotel Room Rates A travel agency estimates that the standard devia:- :


of the room rates of hotels in a certain city is no more than $30. You work -


a consumer advocacy group and are asked to test this claim.You find th.- .


random sample of 21 hotels has a standard deviation of $35.25. At a : l-


do you have enough evidence to reject the agency's claim?


23. Salaries The annual salaries of 16 randomly chosen actuaries are lis:..
below. At ot:0.05, can you conclude that the standard deviation of -:'
annual salaries is greater than $20,000? (Adapted front Anrcrica's Career 6'


68J-46 57,529 108,761 68,433 64,600 99,548 '.7L,286 60,516


84,074 119,920 120,975 91-,345 62,865 76,852 88,522 95,194


24. Salaries An employment information service says that the stanc.--
deviation of the annual salaries for public relations managers is at -..-
$14,500. The annual salaries for 18 randomly chosen public relai: - i,


managers are listed. AI a : 0.10, can you reject the claim? (Atlaptt',;


A rne ri ca's C are e r lrt.fct N e I )


62,514 15,721 54,649 76,764 94,224 85,077


74.595 15.362 87.399 87 "742 90,140 74,416


59.813 80.567 76.370 105,438 59,581 56,805


r ffiet*e"t#effiff fl#st{*pes


P-vaf ues You can calculate the P-value for a f -test using technology. -:'- "


calculating the f -rcst value, you can use the cumulative density function (C - :


to calculate the area under the curve. From Example 4 on page 417, f = -- -
Using a TI-83/84 (choose 7 from the DISTR menu), enter 0 for the lower bc,. ',-


43.2 for the upper bound, and 40 for the degrees of freedom as shown.


xz cdf lO, 43.2, 40)
.6637768667


The P-value is approximately 1 - 0.6638 : 0.3362. Because P )' a : 0.0:


conclusion is to fail to reiect Hs.


In Exercises 25-28, use the P-vqlue method to perform the hypothesis test .{'-
indicated exercise.


25. Exercise 21


27. Exercise 23


26. Exercise 22


28. Exercise 24
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418 A p pE N D l x B TABLE s-t-DtsrRtBUTtoN


Table 5- f-Distribution


Level of
confidence, c 0.50 0.80 0.90 0.9s 0.98 0.99


One tail, a 0.25 0.10 0.05 0.02s
Two tails, a 0.50 0.10 0.ot


1


Iz
3


+


5
): O,.


7
R:: tY
9


, tn
II


lz
l{


1'4


15


lo
17
lgl
lv


-r 20
21


22


23


24
25


20


27


28


29
oo


3.078 6.314 12.706 3"1.821 63.657
' 1 356'i'l, i. - :2.920.r, 4.3Q3 i.,, r r6.96i5'r'.,,i 9.9.25r:i


1.638 2.353 3.182 4.541 5.84i


,if,sc*,,:. ):r.3 2-, : .,. i"7i,6, i.jAj;;+,:+iii ;,::.,


1.476 2.0 t5 2.571 3.365 4.032


,7':44,A;.,,',','1.g):4!=,,,',Z:,Adl:.li:::t:.i:4$!:r.1,.3.;7W:,.
1.415 1.895 2.365 2.998 3.499


',":'i:g9l:-.::tri6Q;:,::2i jo.'gE.tf;9."ij.6:,,,,#3,j55;i.r


1.383 1.833 2.262 2.821 3.250


,,1'1'379:....'. . i .'gi i..,-., :,,r'.528:-i:: fi:64t::,t:1i6 i:.:";:


1 .363 1.796 2.201 2.718 - 3.106


", J356,.::-'l.z'95:,.,'i;il9'-;ii-ibtj., €Q55ir'
1.350 1.77',t 2.160 2.650 3.012


,, i'345,.,, I .i'6i:.,,.,',, 2l, {i.;.., 2i6:1t;,' ::,,' z.Ili,,t .


1.341 1.753 2.131 -2.602 2.947
"t.337 1.746 2J20 2.583 .2..921
1.333 1.740 2.110 2.567 2.898
i 33!i,, 1: i,5+::,.: 7.i:$;..,,., ::,'' 2 :552.::.r,i ts7q;ri r.
1.328 1.729 2.093 2.539 2.861


il32S:,,. t'"ii+,,, i,ffi,.,,t't:s,:iq, 2jA45:,,:
1 .323 1 .721 2.080 2.5 1 8 2.831


1'.321.:. : 1;7A:V:.' 2t.0f4'. :1 ,2.50ii.,:,F,2.4t19 .,.. -


1 .31 9 1 .714 2.069 2.500 2.807


1.31,8, 1.71'1.,,, 2..06iA,',:, 2.,+9z:,;,,:, z.zgl,
1.316 1.708, 2.060 2.485 2.787


1315 : 1.7'A6, 2.9S6.:., 2.472",,. 2.Zl$ ,


13{4 1.703 2.0s2 2.473 2.771


1.313 1.701 2.048 2.467 2.i63
1 .3 1 1 1 .699 2.045 2.462 2,7 56


1.282 1.645 1.96n 2326 2.s76


Adapted from W H. Beyer. Handbook of Tables of Probability and Statistics,2e,


CRC Press, Boca Raton, Florida, 1986. Reprinted with permission.


Left-tailed test Right-tailed test
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APP[]''iD]X B TABLE 6-CHI-SQUARE DISTRIBUTION A19


Table 6- Chi-Square Distribution


0.995 0.99 0.975 0.95 0.90 0.10 0.05 0.025 0.01 0.005


Right tail


Degrees of
freedom


1


,t
3


.,4
5


t,a-. t 6


7


.,,,'.,' 8
9


::::.:j: : 1rO


11


,t.:., 12'


13


i.'r- '.10


15
'-:::.,':' ,16


17


5. re.
19


:..; ;,.' ;20
zl


':;-."" 
"23


:": 24


25
i= '26


27


;:t,.tt' 28


29


'1:': 
' 30


40
l,-.1, 50


60
.'.,1' 70


80


,,.'.:'. 90
100


0.001


0.010 0.020 0.051


0.072 0.1 15 0.216


0.207 a.297 0.484
0.412 0.554 0.831


0-.676' 0.872 1.237


0.989 1.239 1.690


1 .344 1.646 2. l B0


1.735 2.088 2.700
z.t)o z3)o 5.2+t
2.603 3.053 3.816


5.V/+ J.)/l +.+V+


3.56s 4.107 5.009


4.07'5 4.66A 5.629
4.601 5.229 6.262


5.1+2 5.6 ll O.vutt


5.697 6.408 7.564
o.zo5 /,utJ 6,/.5 1


6.844 7.633 8.907


/,+3+ d.zou Y.)Y I


8.034 8.897 10.283
,8.643 9.542 10.982
9.260 10.196 11 .689
^ A^/y.d60 lu.bJo I z.+v I


10.s20 11524 13.120


11:160 12.198 13.844
1 1.808 12.879 14.573


| 2,+O I t5.f O) r).JUd
13.121 14.257 16.047


13.787 14.954 16.791


20.707 22.164 24.433
27.991 29:707 32.357


35.534 37.485 40.482
43.275 45.442 48.758
51.172 53.540 57 ,153
59.196 61.754 65.647


67.328 70.065 74.222


0.004 0.016
0.103 0,211


0.352 0.584


u./ t l r,uor+


1.145 1.610
1 6?q ) )n4
2.167 2.833
) 722 ? 40n


3.325 4.168
'3.940 '' 4;865
4.575 s.s78
J,ZZO O.5U+


5.892 7.042
6.571 '7,i,go
7.261 8.547
/.902 9,5 | I
8.672 10.085


91390 ., 10,665
10.117 1 1.651


lu.ul I I z.++5


1 1.591 13.240
12.338 14.At42


13.091 14.848
13.848 15.6s9


14.611 16.473
t).5/> tt.z>z
16.151 18.114
to,v26 t6.vJY
17.708 19.768


18.493 2o.5gg


26s09 29,051


34.764 37.689
43.188 46.459
51.739 55.329
60.391 64.278


o9.l to / 5.2v I


77.g2g 82.358


2.706 3.841


4.60;5 5.991
6.251 7.815


7.779 .9.488


9.236 11.071


10.645i;.' 12.J92
12.017 14.067


"..^-13.502. lJ.Jv/
14.684 16.919
'15.987',.,1:8307


17.275 19.675
:,,1,9,p 4;9,, ;, 21 .026
19.812 22.362


" 21,fi64, , 23.685


22.307 24.996
23,542 . 2.6'296
24.769 27.587
z5,g!g:,. .28869


27.204 30.144


.,Z:g:!1,:2,: . 31,41I
29.615 32.671


3}.il3 33.924
32.007 35.172


33.190 50,2+ l)
34.382 37.652


5).)05 5d.6d)
36.741 40.1 13


i. ---3/,YtO 1tJ5/
39.087 42.557
z+Q.zro +5,/ / 5
5'l .805 55.758


63.167' 67.505
74.397 79.082
85.527 90.s31


96.578 101.879


107.565 113.145


118,498 124.342


5.024 6.63s 7.879
7.378 9.210 10.597


9.348 1 1.345 12.838


ll.l45 l5.l// 14.60u


12.833 15.086 16.750
14.4491 16.812 '18.548


16.013 18.475 20.278


1 7.535' 'ZO:OSO ,21..955


19.023 21.666 23589
, 2A.483 ., '.',23.209 . :25,1 88


21.920 24.725 26.7 57


23.357 . 26,217 ',:28.299


24.736 27.688 29.819
26.119 29j41 31.319


27.488 30.578 32.801


28.845 32.000 34.267


30.191 33.409 35.718
3 | .rzo JZ+,6U) 5 /. | f,O


32,852 36.191 38.582


34.170 37.566 39.997


35.479 38.932 41.401


36.781 4o.21g 42.796


38.076 41.638 44.181
20?AA A) AAO 4q qqq


40.646 44314 46.928
41.923 45.642 48.290
43.194 46.963 49.645
44.461 48.278 50.993


45.722 49.588 -52.336
46.979 50.892 53,672


59.342 63.691 66,766


71.42A 76.154 79.490
83.298 88.379 91.952
95.023 100.425 1A4.215


106.629 112,329 116.321


1 18.136 124.116 128.299
129.561 135.807 140,169


D. B. Owen. HANDBOOK OF STATISTICAL TABLES, A.5, Published by Addison Wesley Longman
Inc. Reproduced by permission of Pearson Education, Inc. A11 rights reserved.
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EXERCISES


a


3.


cl, 
"


o.


1CI"


a4


12


13.


(ciaim)


14, ,+i.: p : 0.21 (claim); Hu: p + A.21


15. c, ,.-,0:rr = 3


+--'*€ __f,_-_lt
,li4


0i itc: pj- > 3


-'--==-@.u
,:t-]


b,i;io: p:3
- e- : -:'U


ltlt


a, iia'. tL- < 2


@:: - '.-r ' .':*-?' !
rll-{


R.' r', *^;t^: an t ^f+ r^:l^l" 1. .-Ldlleu zU. Lelt-Lcjl'eU


Trn,.;-iailed 22. Two-tailed


I o.


tt"


wi/ystwpm"


:F i\n/n trrnoc nf
/,^,nf he(o( r rcpal


i': a hypothesis
r..,,:-i 6re the null
!:v[:othesis and
l,':l alternative
i"i,r$othesis.


i-re alternative hypothesis is


:-i:e complemeni of the null
r:/.tnthesis"


::i:e Selected Answers, page A108.


l:e" in a hypothesis test, ),ou
ir:ume the null hypothesis is true.


i;else. A statistical hypothesis is a
::iatement about a population.


l-ii;e 6. True


i'.:ise " A small P-value in a iesi
vi'i:i iavor a rejection of the riuil
hysothesis.
; ' se. lf you want to support a


ciairn, write it as the alternative
ii,,.,pothesis.


H1. 1-r 
< 645 (claim); Hu: p > 645


i'lo. ;t > 128; H": p, < 128 (claim)


/i1. 47 - 5; Hu: o * 5 (claim)


lJn: o2 =- 1.2 (claim); Hu: o2 < 1.2


It:p > Q.45:H": p < 0.45


18.


i-r
i;
lr
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ti
ll


F


1"


#rcE5#E*g *esE* SkEEEs #s=FS B#*e***eEery


What are the two types of hypotheses used in a hypothesis test? How are
they related?


2. Describe the two types of error possible in a hypothesis test decision.


True or False? In Exercises 3-8, determine whether the statement is true or
false. If it is false, rewrite it as a true statement.


3. In a hypothesis test, you assume the alternative hypothesis is true.


4. A statistical hypothesis is a statement about a sample.


5. If you decide to reject the null hypothesis, you can support the alternative
hypothesis.


6. The level of significance is the maximum probability you allow for rejecting
a null hypothesis when it is actually true.


7. A large P-value in a test will favor a rejection of the null hypothesis.


8. If you want to support a ciaim, write it as your null hypothesis.


Stating HypotheseS In Exercises 9-14, use the given statement to represent a
clqm. Write its complement and state which is H s and which is H o.


Graphicaf Analysis In Exercises 15-18, match the alternative hypothesis with
its graph. Then state the null hypothesis and sketch its graph.


15. Ho: p, > 3 (a)


16. Ho: p. < 3


17, Ho: LL + 3


18. Ho: p" > 2


ldentifying Tests In Exercises 19-22, determine whether the hypothesis
test with the given null and alternative hypotheses is left-tailed, right-tailed, or
t_wolailed.


!..1u = 645


LL.o*5
13! p < 0.45


I Ig.'H^,rr < 8.0


i H"ip > 8.0


i@i or,o2 : r42
l"'' H"tr2+I42


i19, , < 728


,-72. if > 1,.2


t 14.)p : 0.21


(b)'#P
r234


(c)#P
1234


IIg: o > 5.2
Ho: o I 5.2


22. H6:p:0.25
H": p * 0.25


20.


l







?rl


J5"


ll .:/ -r il


tlo, Lt- : . 75,'J; li": lr


-l


l;1g. ri -11; .l;r.r: rr ' .


tr .llj


,r50 (claiir)


3 {claiirrr!


w I i t; r l I try is c t ,t;3 
E 


q^r''try fl iljr $',$!t I ru {.]l 
r;lel 


u-u u-r* gru ff *;


Stating the Hypotheses In Exercises 23-28, state the claim mathematically.
Write the null and alternative hypotheses. Identi.fy which is the claim.


i23. Light Bulbs A light bulb manufacturer claims that the mean life of n


"' ' certain type of light bulb is more than 750 hours.


i ZC.,Stripping Errors As stated by a company's shipping department, tl-re


number of shipping errors per million shiprnents has a standard deviation
that is less than 3.


, 25. Base Price of an ATV The standard deviation of the base price of a certain


.. ' ,tO" of all-terrain vehicle is no more than $320.


26. iCottege Students A research organization reports that 28"/" of the
...-,-'residents in Ann Arbor, Michigan are college students. tArlttlitarl .lrt,i:, i.


(i'l.r'tt.r lJ tLrt'tt tt )


27. Seat Belts The results of a recent study show that the proportion of people
in the United States who use seat belts when riding in a car or truck is 81 %.
(lirttLttt': 1,,'LtliottLLI (Ltttt't .lltr Slrrlisllcs L{ntl Anul.\'.\'i.\)


28. Drying Time A company claims that its brands of paint have a mean


drying time of less than 45 minutes.


fdentifying Errors In Exercises 29-34, write sentences describing type I and
type II errors for a hypothesis test of the indicated claim.


29. Repeal Buyers A furniture store claims that at least 60% of its new
customers will return to buy their next piece of furniture.


30. Literary Skills A study claims that the proportion of adults in the United
States that are illiterate in Enslish is 5%. (.\oru't t': Ntttiotttrl Ct:rrrtr {or'1-.1f :,rrr)rl
5trrtrstL'-il


31. Chess A local chess club claims that the length of time to play a game has


a standard deviation of more than 12 minutes.


32. Diabetes Gene According to a recent study, 50% of 'all Americans car:ry a


variant of a gene that increases the risk 6f diabetes. (.t,tlttlttctl lfutttt ,1,r;:r' : ,rtr
./()t!tIdI tt.l t liirituI t\:ttIriIitttt)


33. Computers According to a recent survey, 8tl% of college students own
a comDuter. (.\otrrtt: Iltrri.s [\tll)


34. Satellite Television According to a recent study, 30% of U.S. households
subscribe to satellite television. (,\orrrtc:.1.1). !'rtv'tr trttd rlsrr;r'lrrrc,si


fdentifying Tests In Exercises -35-40, determine whether the hypothesis test


for each claim is left-tailed, right-tailed, or two-tailed. Explain yotr reasoning.


35. Security Alarms At least l47o of all homeowners have a home security
atarm.


36. Clocks A manufacturer of srandfather clocks claims that the mean tinlc- its


,u. ;.--,-:.i ,,,..:
i:,i;. 1.; C.28


,ir'o: Ir il.,:8 ict;linr); l-:,,:1: = 0"21j


p n.d'i


/J6: p 0.6'i (ciaini); f{,: p ; 0"81


p tLs


l-is. 1.1. ' 4's, iiu: p 45 (clainr)


A type I r:rror wili occr.lr if il're
actual proportiotr o.f nevu'


custonrers that return to buy
their next piece of furniture is


at leas.t 0.6{.i, but you reject
/{6: p :060
A type il erc't,rr rarill occur if the
actuai proporiion cl'i rrew
ci-.rstomers tha.l retr-rrn to bt-iy


theii'next piece of furniture is


!ess thair 0.60, but you fail to
reject Ho: p .' 0.60.


See Sel:cted Answers, paqe A108.


.^ itl'if e | .'rrnr rrrill rrrrrrr if ihe
orLual ;tan.iai-cl ;icui;ticn cI the
lerrqth of tirrie to play a gar-rie is


less thanr or equal to i 2 rninutes,
but you reject H6: ,.' ' 12.


A tr,ipe ll e(ro( will occur if the
actual stanriard deviaiion of the
lengllr of ti,le to play a garne is


greate!' than 12 rnirrutes, bui:
yor-,r fail to rejec'c l'ts'. rr . 12.


-42. 5ee Selecteci Answc,rs, page A108"


33. A type ! error will occur if the
actual propor{.ion of college
srurcjcnit',vho cvvn a comprrter is


0.88, hut you reject F/s: p .. 0.88.


A type ll error u,rill occr-rr if the
actual proportioir of college
students wlro own a computer
is not 0.i18. but ircu [ail to reiect
l'10: /r - 0.813.


-411" 5ee 5elec-ted Answers, paqe ,ar10E.


{l' i r:lit-l:aiicJC k;er,rirse the a!lern;tive:
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39. Return Rate A financiai analyst claims that the return rate of a 15-year
U.S. bond has a standard deviation of 5,3%.


40. Dreams A research institute claims that the mean length of most dreams is


greater than 10 minutes. /,\t!ap.i1'11 fy1;1n '!'!tt !,tti rdir.. !tt::tttirrr,t


lnterpreting a Decision In Exercises 4l-46, consider each claint. If o


hypothesis test is performed, how should you interpret a decision that


(a) rejects the null hypothesis?


(b)_.fails to reject the null hltpothesis?


41. Pictures Developed A film company claims that the mean number of
"- - pictures developed for a single-use camera with 24 exposures is more


than 22.


42. Shipment Weights A government worker ciaims that the standard
deviation of the mean weight of all U.S. Postal Service shipments is
0.40 pound.


43. Hourly Wages The U.S. Department of Labor ciaims that the proportion of
hourly workers earning over $11,55 per hour is greater than75"/o, (,itlq;trr!


.trorrt LI.S. BLrrt'tttr o.f l,ultor Stati.rtics)


ia4. pas Mileage An automotive manufacturer claims the standard deviation
!-.,'for the gas mileage of its models is 3.9 miies per gallon.


45. SUV Prices An automotive manufacturer claims the mean price of a small
SUV is less than $26,860. lAdaptatl .frotn CoitsLtiirt'r Rc7:t,i',.1 1


46. Calories A sports drink maker claims the mean calorie content of its
beverages is 72 calories per serving.


t 47..)\ryr;6ng Hypotheses: Medicine Your medical research team is investigating.-, the mean cost of a 30-day supply of a certain heart medication. A
pharmaceutical company thinks that the mean cost is less than $60. You
want to support this claim. How would you write the null and alternative
hypotheses?


48. lWriting Hypotheses: Thxicab Company A taxicab company ciaims that the
mean travel time between two destinations is about 21 minutes.You work for
the bus company and want to reject this claim. How rvould you write the null
and alternative hvootheses?


Writing Hypotheses: Refrigerator Manufacturer A refrigerator manufacturer
claims that the mean life of its competitor's refrigerators is less than 15 years.


You are asked to perform a hypothesis test to test this claim. How would you
write the null and alternative hypotheses if


(a) you represent the manufacturer and want to support the claim?


(b) you represent the competitor and want to reject the claim?


Writing Hypotheses: Internet Provider An Internet provider is trytng to
gain advertising deals and claims that the mean time a customer spends


online per day is greater than 28 minutes. You are asked to test this claim.
How would you write the null and alternative hypotheses if


(a) you represent the Internet provider and want to suppofi the claim?


(b) you represent a competing advertiser and want to reject the claim?


:H
il
I


l
l


&1'


- -'. leL bec,luse tl-,e alteri',a';ive
,',,ro'riresiS ccntains =.


r ,.: ili-taiied because the
,r-::i'iaiive hypcthesis ccntains :'.


,. ' iirere is enough e,lidenre to
sirpport the filrrr cornpany's
ciaim tfrat il.ie mean nu;^nber
of pictures deveiopeci for a


sinEle-use camera wiih 24
e>(cosures is nnore ihan 12.


. , j'here rs not encugh evidence
lc support ihe fiim ccmpany's
i,lainr that the mean number
.rl oii-trrres de',eloned for a


-:iirgle-use carnera with 24
exposures is inore than 22.


-..1 ieiecteci Answers, page A1OB.


,.tl 'iliere 
is enouEh evidence io


ir-rFlport the U.5. Departmenr
of Labor's claim that ihe
r:r-oportion of hourly workers
earning orrer $'i 1.55 per
hour is greater ihan 75%.


i::, there is nat enough
"' 'denrp fo stronort the
-.!.5. Department of tabor's
llairri that the prtrporiion of
.curly rnrorkers earrrinE over
''': 'l .55 per lrcur is greater
iiran 75%.


:.- -.:cietied Ansvrers, page A108


!r,:r I'nere is enough eviCence
"t ^ ^ -lmotiveL.i )uPPUr L trrq duL\


irrarrufacturer's claim that
r:ne rnean price of a small
:l-t\/ is iess than $26,860.


(b) There is not enouEh
:,ridcnrp +o <lnnnrt th€
a utonrotive man uf acturer's
r.irim that the mean price
of a srnall SUV is less than
$25.860.


46. See Selecied Answers, page A108
47. Ho:1:. > 60; H,: pL < 60
48. Ho: t_,. = 21; H": p + 21


49. (a) ,40: p- > 15; H": p- < 15


(b) f'o: t-,, -. i5; Hai l-L > 15
50. (a) ro: t-i-< 28; H": p > 28


(b) Ho: ,r- = 28; Hu'. p :. 28


4t
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49.


l;
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i


rl


lil


50.
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EXERCISES


S'er $xtr*


1.. ? : Ai 151; Fail to reject He.


?. P -- 0.0455; Reject He.


3. ,F : 0.0096; Reject H6.


4 P = 0.1093; Fail to reject H6.


5. P : 0.1188; Fail to reject Hs.


6 :) : A.A214; Fail to reject Ho.


7"r
8. u1


9.*
'r0" i
1"!. ii
12. a


13^ (a) Fail to reject H6.


ib) Reject Ho.


sEcrroN i 2 HYPOTHESIS TESTING FOR THE MEAN (LARGE SAMPLES)


r SucE'dlreg []esEe 5E<c{$E es'ld cl*e*fu*=€cry


In Exercises 1-6, find the P-value for the indiceted hypotltesis test with the given
standardized test statistic z. Decide whether to reject Hs for the given level of
significance a.


,'-1,1 Left-tailed test, z : -1.20,'.'' 
o = 0.10


i 3.. Right-tailed test, z : 2.34,
d : U.UI


-l'_5. Two-tailed test, z : -1.56,
a : 0.05


Graphical Analysis In Exercises 7-12, match each P-value with the graph that
displays its area.The graphs are labeled (a)-(f).


2, Left-talled test, z : -L69,
a = 0.05


4. Right-tailed test, z : L.23,
a : 0.10


6. Two-tailed test, z : 2,30,
a : 0.01


8. P : 0.0L32


10. P : 0.0688


12: P :0.0287


7. P :0.0089


9. P : 0.3050


II. P : 0.0233


(a) (b)


Given Ho: F: I00, Ho: p * 700, and P : 0.0461'


(a) Do you reject or fail to reject Hs at the 0.01 level of significance?


(b) Do you reject or fail to reject Hs at lhe 0.05 level of significance?


e = 1.90


z = *0.51


r\j


z= L82
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14. (a) Fail to reject He.


(b) Fail to reject Ho.


15. 1.645


16. 1.41


17, -1.88
18. - 1 .34


19. -2.33,2.33
20. -1.645, 1.645


21. (a) right-tailed
(b) 0,01


22. (a) two-tailed
(b) 0.05


23, (a) two-tailed
(b) 0.10


24. G) left-tailed
(b) 0.0s


25. (a) Fail to reject He because


-1.645<z<1.645.
(b)


(c)


(d)


26. (a)


(b)


(c)


(d)


Reject H6 because z > 1.645.


Fail to reject He because


-1.545<z<1.645.
Reject H6 because
z < -1.545.
Reject Fl6 because z > 1.96.


Fail to reject He because


-1.96<z<1.96.
Fail to reject H6 because


-1.96<z<1.96.
Reject H6 because
z < -1.96.


C H A P T E R 7 HYPOTHESIS TESTING WITH ONE SAMPLE


l4i Given Ho: p > 8.5, Ho: p < 8.5, and P : 0.0691.


(a) Do you reject or fail to reject Hs at the 0.01 level of significance?


(b) Do you reject or fail to reject lls at the 0.05 ievel of significance?


Finding Critical Values In Exercises l5-20, find the critical value(s) for the
indicated type of test and level of significance a.
/-\
/15.1lRight{ailed test, a : 0.05


17, Left-talled test, a : 0.03


fA Two-tailed test, ot: 0.02


Graphical Analysis In Exercises 21-24,


(a) state whether the graph shows a leftlailed, right-tailed, or two-tailed test.


(b) state whether a : 0.01, 0.05, or 0.10.


2I,


Graphical Analysis In Exercises 25-28, state whether each standardized test


statistic z allows you to reject the nuII hypothesis. Explain your reasoning.


25. (a)


(b)


(c)


(d)


-i -; \-i 0


-zo=-l'645
!1


(a) z : 1.98


(b) z : -1.8e
(c) z : 1.65


(d) z : -1,99


16. Right-tailed test, o : 0.08


(ts.) Left-taiied test, a : 0.09


20. Two-tailed test. a : 0.10


z :-l 671


--1111.


z : -1/64
z--1 6\5


I
z0


3


.645


/2 3


= 7.96







-i : i I lo I'i r 2 HYPOTHESIS TESTING FOR THE MEAN (LARGE SAMPLES)


27.(a)z=-1.301
(b) z : 7.203


(c) e : 1.280


(d) e : 1.286


28. (a) z=2557
(b) z : -2.7ss
(c) z = 2.585


(d) z : -2.415


In Exercises 29-32, test the claim about the population mean pt at the given level of


)l?nificance using the given sample statistics.


r!9. Claim: p:40; a:0.05. Samplestatistics:i:39.2, s:3.23, n:75
30. Claim:g. > 1030; a : 0.05. Sample statistics:x : 1035 , s :23, n: 50


31. Claim: p. + 6000; a : 0.01. Sample statistics:7 : 5800, s : 350, n:35
32. Claim: p"'< 22,500; a : 0.01. Sample statistics: l:23,250, s : 1200,


n:45


il LCsireg *ai# 5s-?erpr'*€cF='# e**c*pes
Testing Cfaims Using P-values In Exercises 33-38,


(a) write the claim mathematically and identify H6 and H o.


(b) find the standardized test statistic z and its corresponding area. If convenient,
use technology.


find the P-value. If convenient, use technology.


decide whether to reject or fail to reject the null hypothesis.


interpret the decision in the context of the original claim.


Mathematics Assessment Tests In Illinois, a random sample of 85 eighth
grade students has a mean score of 282 with a standard deviation of 35 on a


national mathematics assessment test. This test result prompts a state school
administrator to declare that the mean score for the state's eighth graders on
the examination is more than 27 5. At a : 0.04 , is there enough evidence to
support the administrator's claim? (,4dapted .fiottr \,'utirtrtul Cctrrt'r litr Edut'tttiort


Sroti.stit'.s I


Sprinkler System A manufacturer of sprinkler systems designed for fire
protection claims that the average activating temperature is at least 135oF.


To test this claim, you randomly select a sample of 32 systems and find the
mean activation temperature to be 133"F with a standard deviation of 3.3"F, At
a : 0.10, do you have enough evidence to support the manufactuter's claim?


;


lnlJ7L


i


ti


l


l


l


Faii to i'ejeci Ho because
z, .,, i.285.
i'ail ro reject Hp because
z .: 1.285.


iail lc reject iJ6 because
.z ., i.785.
iieject Hs because z -' i.285.


Faii to ;'eject Hs llecause
2.51= <z<2.575.


::€j€Lt'1g Ce(ai-rS€


z -L 2.575.


F.eject .d6 because
Z :: 2.\75.


l:i) Fail io i-eject H6 because
2.t75 z - 2.575.


i',.eiecr fo0. At the 5% signif icance
, .rel, there is enough evicience


ir:, reject the claim.


i':ril to reject H6. Ai the 5%
- .;;.i{ic;rrro lerrel thpre iS nO'l


_-..-,.^,L ^,,;:^^:,'.JUl11 evroence Io 5uppcrt
iirt claiin.


r-;ei: Hs. At the 1 9o signif icance
l:vel, ihere is enough evidence
r',a (rrnnAri tho rl:im


,i--1eci H6. At ihe 1% signiiicance
. .^, +L^_- j. ^^^,,^i..- :videnCer-.,ci, ltrcrs rJ Errvu9rr(


i:, ie.ieci the claim.


i. i,,i l-ie: p, - 273; Hu'. p > 275
/.1^:'^.\


lL!d!lill


'i.84; 0.9671 (Tech: 0.9674)


C 0329 (Iechr 0.0326)


3'eject H6.


4.itt


At ihe 4% signif icance level
iirere is enough evidence to
sLrppor-t the admin istrator's
ciairn that the mean score
icr lllinois' eighth graders
cn the examination is more
r.han 275.


He: s = 135 (ciaim);
/--lu: ,u < 135


3.43;0.0003


c.0003


Reject H6.


At the 'i 0% significance
ievel, ihere is enough
-.,i^r ^^-^ +^ -^i^-+ +L^Ei/luEr rLE tu !elgLr L[c
manufacturer's claim thet
i:l'le average activating
_i.ryr'aerair rra i< :t lcrct


t 15'F.


:t j


t:


i L-l


(cii


i-l


l


ii


(c)


(d)


(e)


33t


l


l


l


r


:


34.


;l',1,ii,,l'l) i,


,.,j',j,]
ljl


ti ; rlLi;1';36


5
3


2.5'7L
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392 THAPiER


(a) iro: p < 8; fu"1 /-' :' I {e iainr)


(bi -1.37; C.3557 (i-e;h: C"354C)


i:\ l. 1.4.!t !i7:j^ a 51f.(t\


(d) Failt,: reject //6.


ie) At ihe 7% sigrrifiiance lev'el,
'ri'rere is not et-ror;gh evidence
to support the teo Crinker's
scciery"s claim tt-rai:he rneen
ccnsuilptrcn of tea by a


person in the United States is


more than I gallons per yea!'.


(a)
Hu'. p = 3.1


ib)


tc)


(c)


{e)


'!.65; 0.0495 (.Tech: 4.4497)


0.0990 (Iecn: 0.0393)


Faii tc rejeci li6.


At the 8% signifitance level,
there is not eirough evidence
trr reiect tirtr rrriirit;onist's
clairn that the mean tuna
consumptron Dy a person in
the tJnited States is 3.1


pcunds per )/ear.


ii6. tL- : ii i,-i"ir"rr),
Fl": 1t .= 15


:1.72; A.429 (iecir. 0,4135)


0.8258 (Iech: 0.8270i


Fail to reject H6.


Ai the 57i, sirlniiicance ievel,
ti-:e/e is in;ufl'icient svrdence
i^ rrrc.i the rlaim if'a{ the
rnean iime it takes smokers
ro quit s.mokingl permanently
is i 5 years.


(b)


r.cl


(d)


38. 5ee Select:C 1\nswer:, page 4108.


39. (a) rro:s - 4C (ciaim);
:1a, f\


{b) -zo - -2.5!5, zo = 2.575


Preiection regions:
z<-2.575,2>2.575


{c) 1r.584


(d) F;il 1o reject Hu.


(e) Ai rh= 1 96 iign!f!cai:e lerrel,
iqE, e ii l;r3-,,i|ate:ri :.ilccllt:
ra i. a(1 .:!s r rtrri^:ar\/'< .i;in',


that th.,. mean caffeii'ie
ccnieiti iJe: one i 2-::';nce
bcttle of ccla is 4'0 nrilligranrs.


4{i. iee Seier-ieil Ans\rve,"r, page A108.


HYPOTHESIS TESTING WITH ONE SAMPLE


35. Tea Drinkers A tea drinker's society estimates that the mean consumptio
of tea by a person in the United States is more than 8 gallons per year. In
random sample of 100 people, you find that the mean consumption of tea i
7.9 gallons per year with a standard deviation of 2.67 gallons. At a = 0.01


can you support the society's claim? (.,.\dupierl .[ront Li..S. Dt'partnttti.:
. . ,,I.qricultttrc )


36. Tuna Consumption A nutritionist claims that the mean tuna consumptio
by a person in the United States is 3.1 pounds per year. A random sample c


60 people in the United States shows that the mean tuna consumption by
person is 2.9 pounds per year with a standard deviation of 0.94 pound. A
a : 0.08, can you reject the nutritionist's claim? (Alap*d .iroiti ',,.1


f) ep urtitttt ttt o l^ Agrit r L ItLLrt' 1


';t 37. Quitting Smoking The number of years it took a random sample of 3


former smokers to quit smoking permanently is listed. At a : 0.05. i
there enough evidence to reject the claim that the mean time it take
smokers to quit smoking permanently is 15 years? (,ltlctitrcd ,fi'otii :tt
G rtlltr p O rgctt i :.ut i otr 1


1,5.1 I3.2 22.6 13.0 70.7 18j, 14.1 1.0 11.3 1.5 2L.8
72.3 r9.8 13.8 16.0 15.5 13.1 20.1 L5.5 9.8 11.9 16.9
7.0 19.3 13.2 14.6 20.9 1,5.4 13.3 1,L.6 I0.9 2L.6


5 SS. Salaries An Alabama politician claims that the mean annual salar
for engineering managers in Aiabama is more than the natione
mean, $100,800. The annual salaries (in doliars) for a random sample c


34 engineering managers in Alabama are listed. At a = 0,03, is ther
enough evidence to support the politician's claim? (tiLlal:it,tl it ,;


.1,nt t t'i ccr': (. o rt: t: r i rt l o \t e t )


. 92,860 94,975 88,714 82,917 98,L17 102,415
96,216 98,234 86,719 79,821 94,556 9'7,672


99,963 101,415 89,774 90,648 96,159 99,776
101,519 94,761 9l,178 98,'.736 100,317 94,932
89,',774 93,198 95,1.17 97,482 99,632 100,589
93,613 92,144 91.,71.6 96p3L


Testing Claims In Exercises 39-46, (a) write the claint mathematically an


identify Hs and H", (b) find the critical values and identify the rejection region,
(c) find the standardized test statistic, (d) decide whether to reject or fail to rejet


the null hypothesis, and (e) interpret the decision in the context of the origint
,lqi*.


39. Caffeine Content in Colas A company that makes cola drinks states thz


the mean caffeine content per one 12-ounce bottle of cola is 40 milligram
You want to test this claim. During your tests, you find that a random sampl
of thirty 12-ounce bottles of cola has a mean caffeine content of 39.


milligrams with a standard deviation of 7.5 milligrams. At a : 0.01, can yo
reject the company's claim? r,),t!u-sttt! l)'t.,trt.4ttttritrtrt Btti'rly7c,.i'jsr,t.i.ititttit


40. Caffeine Content in Coffee A coffee shop claims that its fresh-brewe
drinks have a mean caffeine content of 140 milligrams per 8 ounces. You wal
to test this claim. You find that a random sample of 42 eight-ounce servinl
has a mean caffeine content of 146 milligrams and a standard deviation t


22 milligrams. At a : 0.05, do you have enough evidence to reject the shop


claim? l'\L!;rprctl iit;t1i '\tit€tir'liii ilaierLigr'.-1..i.rrrr'1r1lir-rrii
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Human Body Temperature:
What's Nonmal?
In an articie in the Journal of Statistics Education (vol. 4, no.2),
Allen Shoemaker describes a study that was reported in the
Journal of the American Medical Association (JAMA).* It is
generally accepted that the mean body temperature of an aduit
human is 98.6'F. In his article, Shoemaker uses the data from the
JAMA article to test this hypothesis. Here is a summary of his test.


Claim: The body temperature of adults is 98.6'F.


Ho: tt :98.6'F (Claim) Hn: p. * 98.6"F


Sample Sizez n: 130


Population: Adult human temperatures (Fahrenheit)


Distribution: Approximately normal


Test Statistics: 7 : 98.25, s : 0.73


* Data for the JAMA article were collected from healthy men
and women, ages 18 to 40, at the University of Maryland
Center for Vaccine Development, Baltimore.


= Exercises
1. Complete the hypothesis test for all adults (men and


women) by performing the following steps. Use a


level of significance of a : 0.05.


(a) Sketch the sampling distribution.
(b) Determine the critical values and add them to


your sketch.


(c) Determine the rejection regions and shade them
in your sketch.


(d) Find the standardized test statistic. Add it to your
sketch.


Make a decision to reject or fail to reject the nuli
hypothesis.


Interpret the decision in the context of the


original claim,
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2. If you lower the level of significance to c:0.01,
does your decision change? Explain your reasoning.


3. Test the hypothesis that the mean temperature of
men is 98.6'F. What can you conclude at a level of
significance of a : 0.01?


4. Test the hypothesis that the mean temperature of
women is 98.6"F. What can you conclude at a level of
significance of a : 0.01?


5. Use the sample of 130 temperatures to form a 99o/o


confidence interval for the mean body temperature
of adult humans.


6. The conventional "normal" body temperature was
established by Carl Wunderlich over 100 years ago.


What, in Wunderlich's sampling procedure, do you
think might have led him to an incorrect conclusion?:


396
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1. Explain how to find critical values for a /-sampling distribution.


2. Explain how to use a /-test to test a hypothesized mean p, given a small
sample (n < 30). What assumption about the population is necessary?


In Exercises 3-14, .find the critical value(s) for the indicated t-test, level of
significance a, and sample size n.


3. Right-tailed test, a : 0.05, n : 23


5.''Left-tailed test, a : 0.025, n = 19


7.'Two-tailed test, a : 0.01, n : 27


9. Right-tailed test, a : 0.10, n : 20


11. Left-tailed test, a : 0.01, n : 28


13. Two-tailed test. a : 0.02, n : 5


Graphicaf Analysis In Exercises I5-18, state whether the standardized test


statistic t indicates that you should reject the null hypothesis. Explain.


"l ldentify the level of signif icance
o and the degrees of freedom,
C.f. - n - 1. Find the critical
value(s) using the t-distribution
iable in the row with n - 1 ci.f.
if the hypothesis test is


(1) left-tailed, use "One Tail, n"
column with a negative sign.


(2) right-tailed, use "One Tail, a"
coi,rmn witlr a positive sign.


(3) two-tailed, use "Two Tail, o "


column rruith a negatir.rs sni
a positive sign.


,i. 5ee Selected Answers, page 4109,


3. 1.717 4" 2.764 5. -2,101
ta" -1.171 7. -2.779, 2.779


8. -2.252,2.262 9. 1.328
'ift. 'i.895 11. 2.473


1:. -3.106 13. -3.747,3.747
14. -1 .721, 1.721


15" (a) Fail to reject 116 because
f > -2.086.


(b) Fail to reject Hs because
r > -2.086.


(c) Fail to reject H6 because
i > -2,086.


(d) Reject Hs because
t < -2.086.


1{r" See Selected Answers, page 4109.
'17. (ai Fail to reject H6 because


-2.6A2<i<2.602.
(i:i Fail io reject ffe because


-2.502..-t<2.642.
it) Reject H6 because t :' 2.602,


ii) Reject Hs liecause i < 2.6A2.


1! iee Selected Answers, page 4109.


4. Right-tailed test, a : 0.01 . n - 7I


6. Left-tailed tesr, a : 0.05, n : 1.4


8.,Two-tailed test, a : 0.05, n : 10


10. Right-tailed test, a: 0.05, n : 8


12. Left-taied test, a : 0.005, n : 12


14. Two-tailed test, a : 0.10, n : 22


16.(a)/:1.308
(b) / : -1.389
(c) r : 1.650


(d) r = -0.998


ls. (a) t:2.091
(b)r:o
(c) r : -1.08
(d) r : -2196


(a) r : -2.502
(b) r = 2.203


(c) r : 2.680


(d) r : -2.103


18.L7. \d) r-


(b) r:


\u., , -


1.705


-1..755


-1.585
1.745


-to= -1.725 to= 7.725


l.
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Faii to rejeci Ho. Ai tne 1%


signif irance level, i'here !s not
encuqh evi*enc* ic reject the
claim.


Reject H6. At the 5% s!gnif icence
levei. there i-. enc'lgh e'",idence
+n :rinnnrt fhF ai:im


Reiect H6. At the 190 signif icance
level, 'ihere is eneugh eviience
to reject tire claim.


Faii io i'eject l{0. At the 5%
sicnifi{-anrc ievpi ther'e is not
enough evidence to sL.rpport


tlre ciairrr.


(a) Ho: pr > 100, Hu: pr < 100
(cla irn)


(b) to : -'j.747; Rejection
iegion: t., -3.747


(c) -4.472 (d) Reject Ho.


(e) At ihe i cb signiflcance ievel,
there is suff icierrt evidence
to support the microwave
oven repairer's clairn that
f he mPan repair cost for'
Jan:eged microw;ve ovei-is
is iess than Si00.


(a) He: i:,'= $95; F/u:p > $95
(claim)


(b) fo : 3.143
Reiection reglon: r > 3.143


(c) 0.31,i (d) Fail io reject fis.


(e) At the I o/o signif icance Ievel,
there is insufficient evidence
tc suppoit the compuier
repairer's claim that the
mean repair cost for
dameged compuiers is


more ihan $95.


(a) Ho: L'" < i; Hu- p'. > 1 (ciaim)


(b) to : i.7'96;
F.ejertion region: t> 1.796


tc) I 69i i'j) Rsjecr He.


(e) At the 5"io signif icence level,
there is sufficient evidence to
iii rrvaI r iire ei-lvi t-crr ;r-ler-: la i i:t':
claim thai the mean rn;aste


i-ecycieci ty acults in the
Unite d Srates is inore than i
pcund per person per day.


:ee 5elec.:cl F.il5v:€f 5 .l;9e A103.


lLt.


a4


11


?3.


l.1.


In Exercises 19-22, use a t-test to test the claim about the population mean p, at the
given level of significance a using the given sample statistics. For each claim.
assume the population is normally distributed.


19. Claim: p': IS:a : 0.01.' Sample statistics; 7 : I3.9, s : 3.23, n : 6


20.'Claim: p > 25;a : 0.05.


-,zSample 
statistics: 7 : 26.2, s : 2.32, n : 17


21. Claim:p. > 8000; a:0.01.
Sample statistics: 7 : 7700,s : 450, n : 25


22. Clatrn: p, * 52,200; a : 0.05.
Sample statistics: 7 : 53,220, s : 1200, n : 4


E {,,f*aa"cg mn* Fnt*fi"F}s'#eiffiG e*rce*p-*s


Testing Cfaims In Exercises 23-28,


(a) write the claim mathematically and identify Hs and H,.
(b) find the critical value(s) and identfu the rejection region(s).


(c) find the standardized test statistic. If convenient, use technology.


(d) decide whether to reject or fail to reject the null hypothesis.


(e) interpret the decision in the context of the original claim.


For each claim, assume the population is normally distributed.


23. lMicrowave Repair Costs A microwave.oven repairer says that the mean
-.'- repair cost for damaged microwave ovens is less than $100. You work for the


repairer and want to test this claim. You find that a random sample of 5


microwave ovens has a mean repair cost of $75 and a standard deviation of
$12.50. At a : 0.01, do you have enough evidence to support the repairer's
claim? (Aclaptad front {t)rtstuner Reports)


f4.'Computer Repair Costs A computer repairer believes that the mean repair
cost for damaged computers is more than $95. To test this claim, you
determine the repair costs for 7 randomly selected computers and find that
the mean repair cost is $100 per computer with a standard deviation of
$42.50. At a : 0.0J,, do you have enough evidence to support the repairer's
claim ? i ..,\. tl a p t e lt .f r o t t t (' t t t i t t t i t t e r R e p c; r t.s 1


25. Waste Recycled An environmentalist estimates that the mean waste
recycled by adults in the United States is more than 1 pound per person
per day. You want to test this claim, You find that the mean waste recycled
per person per day for a random sample of 12 adults in the United States


is 1.46 pounds and the standard deviation is 0.28 pound. At a : 0.05, can you


.,,___. 
tuppott the claim? (.1,drrprcrl firutt L'.5. Ettriri,ttrricttttil Pr()ilctio]1 .A<e;tct )


26., Waste Generated As part of your work for an environmental awareness
- group, you want to test a claim that the mean waste generated by adults in


the United States is more than 4 pounds per day. In a random sample of
10 adults in the United States, you find that the mean waste generated per
person per day is 4.54 pounds with a standard deviation of 1..2I pounds.
At a:0.05, can you Support the claim? l,1rictptcfl.f'ront L,.5. Ent'irotuttt';:t i
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ic)


,:i to6:g : $25,00rJ (tlaimi,
hn' ii, = 525,iiCC


ii:i -fo - -2.262, to: Z2a7


itejec'iioir regions.
1 .:._ -2.262, t .:, 2.252


ri,) 0.$4i (ci Fail io i-ejec'i r:6.


.-l ,r\t the 5or sign'ficarrte i:vel,
ir-,er-e ts ii-:;{{icient ei'iience
tc ;'eject ine ernployment
r nfcr-r'narici'r se ivice's tia i rri


tha'e ihe n-iean salary for
fuii-tinre rnale wo!"kers over
age 25 wiinout a high
school dipioma is $25,GCO.


i+'; i'i6. ;y' = 5i9, lCC (claim);
'ri": St- + $ 19, 100


:=i -fo - -2.241, h: 2.20i


Fiejeciion regions:
t<-2.241 ,t>2.241
- 0.529


Faii to reject He.


At the 5% signif icance level,
ihe:e is insuffrcient ev,dence
to reject the employnreni
infornration service's claim
thet the mean annual pay
for fuli-time female workers
over age 25 without a high
school cip!oma is $13,'1 00.


i-is. l-t:.3; ii". 1-t < 3 {ciaiin)
:: $ (c) Reject Hs.


At tne 5% significance ievel,
thei-e is sufficient evidence
to suppoi^t the claim that
teenage males drink feinrer
than three 12-ournce servings
of soda per day.


:ie e 5eiected Answers, page A109.


ie) Hs: p.- 32; tlu: u .1 32


r; )


(L lc rr il,l


0.0344 (c) Fail to reject Hp


At the 'l % signif icance level,
there is insufficient evidence
-to suppori ihe brociiure's
claim that the mean class


size lor f uil-time faculty is


fewer than 32 students.


Hs: pt - 1 i.0 (claim),


,{u: p = f i.C
0.3 'i 


5 5 (c) Fa i i to reject ljo.


,a,t the 1 % signif icence level,
':flere,5 rt:st-rff rcren t evitrente
t-o rejecr ifle c:ean's clarm
that tl're nrean nunrber of
li;:srocr, holr!'ler .r''ee<


r'or f uli-tinre 'iaruity is 1 1 .,i.


?,:


i: ;.
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ic)
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27. Annual Pay An employment information service claims the mean annual
pay for full-time male workers over age 25 and without a high school
diploma is $25,000. The annual pay for a random sample of 10 full-time male
workers without a high school diploma is listed. At a : 0.05, test the claim
that the mean salary is $25,000. t,\tltiltieti frtnrt i.|.!i. lltti,:r:u r,.i Liii.,,t .,,Li1i;i/r!l


26,785 23,814 22,374 25,789 26,378
20,161 30,782 29,547 24,597 28,955


28. Annual Pay An employment information service claims the mean annual
pay for full-time female workers over age 25 and without a high school
diploma is $19,100. The annual pay for a random sample of 12 full-time
female workers without a high school diploma is listed. At a : 0.05, test the
claim that the mean salary is $i9.i00. {,:tt!Liltrttl. fi t;ir i-..5. E:rrt'rrit ol !.t,/..r,t'


StLrtistits t


18,165 76,072 18,794 18,803 19,864 1,9,171


17,328 21,445 20,354 79,743 18,316 79,231


Testing Claims Using P-values In Exercises 29-34, (a) write the claim
mathematically and identify Hs and H,, (b) use technology to find the P-value,
(c) decide wLlether to reject or fail to reject the null hypothesis, and (d) interpret the


decision in the context of the original claim. Assume the population is normally
distibuted.


4!, 29. Soda Consumption For your study on the food consumption habits of
teenage males, you randomly select 20 teenage males and ask each how
many 12-ounce servings of soda he drinks each day. The results are
listed below. At a : 0.05, is there enough evidence to support the claim
that teenage males drink fewer than three 12-ounce servings of soda per
day? iAtlupteti fittrtt Cettter ior' .9ciertce itr rltt Prtblic !trterctti


2.1 2.3 2.4 L.2 0.8 2.r 2.0 2.2 2.5 2,1


r.6 2.r 1.8 2.2 2.0 2.8 3.2 0.5 1.4 1..2


t"1, 30. School Supplies A company that manufactures school supplies says


that teachers spend a mean of more than $550 of their own money on


school supplies in a year. A random sample of the amounts (in dollars)
that24 teachers spent on school supplies in a recent year is listed below.


At a : 0.05, is there enough evidence to support the company's claim?
(.'idtrpttri .irottt I'tttiottul lit'ltool Siipplt atd liqitiptttciti' ,1s:t;titiltoii )


tzI 602 621 462 320 532 566 686 s32


7B 531 888 482 361 560 910 546 860


31. Ctass Size You reqeive a brochure from a large university. The brochure


indicates that the mean class size for full-time faculty is fewer than


32 students. You want to test this claim. You randomly select 18 classes taught


by full-time faculty and determine the class size of each. The results are


listed below. At a : 0.01, can you support the university's claim? {Adtpretl


.fr o t tt \ Lt r i oit o. I ( e ri i e r .lb r E d t t t Ltt i r t r t Sirirlrtii.' r


35 28 29 33 32 40 26 25 29 28 30 36 33 29 2'7 30 28 25


32.; Faculty Classroom Hours The dean of a university estimates that the mean


--1 nu*b", of classroom hours per week for full-time faculty is 11.0. As a


member of the student council, you want to test this claim, A random sample


of the number of classroom hours for eight full-time faculty for one week iS


listed below. At a:0.01, can you reject the dean's claim? i.'i,rl.:i;it't! .iti:ttt
\i ut i ot t t l C e n r e r fo r t. t L i t c ttt i t t i t Siirti.itlc-E i


11.8 8.6 12.6 7.9 6.4 70.4 13.6 9.1


7L5 623 582
603 420 684
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used to approximate


In Exercises 3-8, decide whether the normal sampling distribution can be used. If
it can be used, rcst the cluiltr abowt tlte population proportion p ot the given level of
significance a using the given sample statistics.


ft, Ctai-, p + 0.25; a : 0.05. Sample statistics: ? : 0.239, n : 705


4. Claim: p < 0.30; a:0.05. Samplestatistics: fi:0.35, r :500


5. Claim: p < 0.72; a : 0.01. Sample statistics:i : 0.10. n:20
6. Claim: p > 0.1,25:, a:0.01. Samplestatistics: b:0.2325,n:45
7. Claim: p >- 0.48; a : 0.10. Samplestatistics: b:0.40, n = 70


,,3.lClaim; p = 0.80; a : 0.10. Sample statistics: b:0.875, n:16


E i"€s,er=.9 EF'G*$ fr E=Et*rFc ri'E;r=G i*a=**pt=


Testing Claims In Exercises 9-14, (a) write the claim mathematically and
identify Hg and H", (b) find the critical value(s) and identfu the rejection
region(s), (c) find the stsndardized test statistic, (d) decide whether to reject or fail
to reject the null hypothesis, and (e) interpret the decision in the context of the


original claim. If convenient, use technology to find the standardized test statistic.


''9. 
lmokers A medical researcher says that at least 20"/o of U.S. adults are
smokers. In a random sample of 200 U.S. adults, L8.5% say that they
are smokers. At a : 0.01, is there enough evidence to reject the researcher's
claim? (Adapred .frr.tn r Li.5. Nrrirrir ul 0cttter I'or' llculrit Statisric:; t


10. Do You Eat Breakfast? A research center estimates that no more than
40% of U.S. adults eat breakfast every day. In a random sample of 250 U.S.


adults, 41,.6%" say they eat breakfast every day. At a : 0.01, is there enough


-, evidence to reject the researcher's claim? (.Aclaptad .frotn [!ur;'is irttcrttrit'e)


11. Environmentally Conscious Consumers You are employed by an
environmental conservation agency that recently claimed that more than
30% of U.S. consumers have stopped buying a certain product because the


manufacturing of the product pollutes the environment. You want to test this
claim. You randomly select 1050 U.S. consumers and find that 32o/o have
stopped buying this product because of pollution concerns. At a : 0.03, can


you support the agency's claim? (Aitlp!(i! .l't oitt 1),'ir:ltlitt \)-orldttiile ]


12. Geneticatty Modified Foods An environmentalist claims that more
than 600/" of British consumers are concerned about the use of genetic
modification in food production and want to avoid genetically modified
foods. You want to test this claim. You find that in a random sample of 100


British consumers, 65% say that they are concerned about the use of genetic


modification in food production and want to avoid genetically modified
foods.At a :0.10, can you support the environmentaiist's claim? (.'\4ttr;tad


i1 t'iII {- t t;:',!|tltl'1' .1't:'t'1 i,111, tI1 1


l


Ll


wyst@gffi


';r'e rify that flp > 5


;;r:d nq > 5. Staie
i-lo and P,u. Specify
ihe ierrel of
siEnificance rr"


Deternrine ihe
criticalvalue(s)
and rejecticn regicn(s). Finci the
stendard!zed t€st statistic. Make
a decision anc, infei'nret ir, tf,e
..--ntexi oi the oi'ioinal cltiirn,


\f np - 5 and nq 5, rne
normal distribution can be used.


Can use normal distribuiion.


;:aii to reject He. Ai the 59ir


significance levei, there is not
rnough evidence i suilpori
the claim.


See Se!ected An-(\^'/ers aage A109.


dannoi use norTrrai ci:iributicn.
Lan ulse noi'mal dis-iribution.


ieil to i'eject H6. Ai ine 1%


significance levei, there is not
enough evi,Jence ro srJpport tne
cla im.


ian use normal distribution.
raeject H0 At tr-ie 1C0/o stEnificance
ievel. rhe:'e is erouch evi:lence
io reject ihe claim.


{annoi use normai distr"ibution.


{a) He:p = 0.2C (ciaim};
Ho'. p < A.2{}


zo = -7-.33 Rejettion
reEion: z < -2,33
-0.53 (di Fail i:o i'eject H6.


At the 'i % signif icance ievei,
there is insufficient eo;idence
in reiarJ iho rao,-i rr:i


researcher's clairn tliet at
ieas'i 239/; ci U.5.:d:lt: ere
srn ok-e rs.


5ee !elected Answer., 1..a9-. A109.


5ee Cc,J Answei-q, fjile 878


.iee Seiecred An.;tnr:r,... :r';C-- A'i 0!. '',-''"'-,r -


i!
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ii.
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ji.
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{a) ,-'o: p - t.44 (ciaim);


'-qn: P - 0.44


(h) za - 2.33, zs - 2.33


Piejeciion regions:
z ..- 2.33, z > 2.33


/,-) 7;6 /ri] Raiart lc.\., ,-r--- ,u


(e) Ai the 2% signif icante leve!,
there is sufficient ev!dence
to i'ejeci the claii-n ihal 44%
of home buyers found theii'
"^-l ^.+-+^ -^^^+ +l-r€ir P5LdLt- dqdl!L'-llfOUgn a


f rienu.
(a) H6: c - C.24 (claim);


i1"", p * 4"74


(iri Za - t.96, zs - 1.96;


Rejection recions:
z .- i.96, z --' 1.96


(c) 2,43


icl) Reject #e.


(e) Ai the 5oo significance ievel,
there is s'-;fficient evidence
ro reie.t the researcher's
claim thai 24% of aduits in
'l^^ !t^ l- | |


L,,c ur,rLcu JLoLc) or: dlldlu


to f iy.


Faii io rejeci Ho. At the 5%
sigirificance level, ihere is not
pnnlr:h errldprtrtr fo reiect thg
claim that at ieast 52% of the
adults are more likely to buy a


prod'-rct when there are f ree
semples.


5a mple a nswe r: Tl-re ;ompany
si"rcuid continue the use of
civsar.vays because there is t-'ct
en.1r rnh +riiden.s f i saV that less


tnarr 527o of the adults woulci
tle more lrl<ely to buy a prcduct
r,.v.tert rl reie are fi-ee sa11ple5.


(a) -16: p : A.4/J iciairn);


H".iJ = Q.44


zo - -2.33. zc'- 2.33;
Rejectior i'eg ions:
z .... 2.33, z > 2.33


2al {.;) Rejs,:r s6.


Ai trre 2% signiiicance ievei,
there is sufircieni eviderrce
io reject ihe ciaim i1at. 44ck
or'honie bi,,rr3i5 fcund theii-
i'eei esi;te aqeirt through a


fr"ieird.


The resulis ai"e:ite 5arne.


An5ri.;ei'5 v'vi I i va i'y.


16.


!J


(b)


ie)


t&


C i'j A F-i L R ,' HYPOTHESIS TESTING WITH ONE SAMPLE


Finding a Real Estate Agent In your work for a real estate company,
you find that in a sample of 1762 home buyers,T22found their real estate
agent through a friend. At a : 0.02, can you reject the claim that 44o/o of
home buyers find their real estate agent through a friend? iadui:tei! iir,nt
L:5,4 TOD:tf i


Do You Like to Fly? A researcher claims that 24% of adults in the
United States are afraid to fly. You want to test this claim. You find that in
a random sample of 1075 adults in the United States, 292 are afraid to fly.
At a : 0.05, can you reject the researcher's claim? (Siturce; lIdri.rr Itt,vtiritrt: ii,tr


PtLbiic Opinictn)


Free Sampfes In Exercises 15
and 16, use the graph, which shows
what adults think about the
effectiveness of free samples.


Do Free Samples Work? You interview a random sample of 50 adults. The
resuits of the survey show that 48Y" of the adults said they were more likely
to buy a product when there are free samples. At a : 0.05, can you reject the
claim that at least 52o/" of the adults are more likelv to buy a product when
there are free samples?


Should Free Samples Be Used? Use your conclusion from Exercise 15 to
write a paragraph on the use of free sampies. Do you think a company should
use free samples to get people to buy a product? Explain.


s *;<€,=r*';ii ng {*==*+*pe=


Alternative Formula In Exercises 17 and 78, use the following information.
When yotL know the number of successes x, the sample size n, and probability p, it
can be easier to use the formula


x-np
4-


v npq


to find the standardized test statistic when using a z-test for a proportion p.


17. Rework Exercise 13 using the alternative formula and compare the results.


18. The alternative formula is derived from the formula


13.


14.


15.


1.6.


f,-p
4 -f ,\/ nn/nI r-lt -


Ql") - p


^/ ,v pq/n


Use this formula to derive the alternative formula. Justifv each step.


i;i-- -
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I


I


t


:,,


r:1.


.ir:eli f1:'the ieriei of significance
:r. i,:eteri'nine the degrees of
.r rr:edlr.i-:. Deterr-nine the critical
'u.".'.e:i. t:,',it..g the _i'2 distribution.
!; (a; i;'-1,^'i-'iaiiecj test, use the
,,: i :_t:'lhi:,.:nri.esnondS iO d.f .


,t'r':: a: {b) left-ta!leC test, use the
r//,',A , n:T at-r^.^^^d. +^ A +


;n'i 'i c.:; (c) two-railed test,
.:: ,'r? vai'-,e rhat corresponcis
:-:: :j.f. ;iiij 2Lc ar:o ', - !".
.s | ,L c r,.i r,. Speciiy rne


irvr:! c:' signif !cance, Determine
;i:e $egrees oi freedom.
Dei*rrrrine the criiical value(si
traLr rejeit!on reqion{s), Find the
:::'::iariized iesi staiistic. Make
;: r;l+:i:i"rn arii interpret in the
rijniei(t rif ihe original claim.


:i::r.Fl:i5 ri.. 't4.584 5, C.872
'l lr.ir5:1 7.7.2_61 ,24.996
',;-,ii;, liJ.993
- !-il .r.- --l^-a !--t, ;, r.u i:;rl-'.-i irn.


r:j 1.:;: i-'-1 ieje.i Ho.


i,,; iaii 'lC i-.j-.a-i: i{0.


,t,: ,=i, -,,,-,,-.,)j+:i iic


,.a) ) ':'at'i iar iej€li Ho,


',: :r:a i.i,r. ._i, iC) -ejeit lrs.
t-', l:.;1. i:, l-': j;:ll -9,


, -..' 'r,. ii:r-i r:'r. i,:) iie lect H6,


",:, 
: it,.ir t,-: rej;:ci Fio.


.,.:,; ::i), :; t',l.iecr. ;L,ro.


1t:,, i..ili 'ti: rs:ieci llr:.
'' 


i l:1:it, 'it.: l'gjeri u,


v) - ''t't z.n-
^R - LL'Jwt


EXERCISES


HYPOTHESIs TESTING WITH ONE SAMPLE


H
g


'.,fl


n


ri
j


l


l
a


1.


t


iluiEdirtE ffias8c $E<i$Es ss"Ed V*eehuEary
Explain how to find critical values in a yz sampling distribution.


Explain how to test a population variance or a population standard deviation.


In Exercises 3-8, find the critical vatue(s) for the indicated test for a population
variance, sample size n, and level of significance a.


3. Right-tailed test, 4. Right-tailed test,
n:\0,a:0,10


6. Left-tailed test,
n:24,a:0.05


8. Two-tailed test,
n:29,a: 0.01


n:27,a:0.05


Graphicaf Analysis In Exercises 9-r2, state whether the standard.ized test
statistic y' allows you to reject the null hypothesis.


5. Left-tailed test,
n:'7,a:0,01


7. Two-tailed test,
n:16,a:0.10


9. (u) x2 : 2.09I
(b)x2:o
@) x2 : 1,086


(d). x : 6.3471.


10. (a) x2 : 0.777


(b) x' : 9.486


@) xz : 0.70r
(d) x' : 9.508


L2...2 _A-
,,2 _x
_,2 _x-
-.2 _
A


11. (a)


(b)


(c)


(d)


22.302


23.309


8.451


8.577


i /ro
,,il


ls 20125 30


X? = o.l tl x'^ = 9.488


(u) xt: 10.065


(b) x' : 10.075


@) x' : 10.585


(d) x2 : 1.0.74s


xi = z.s+t


;\'10
xl = s.zst


xf,= rc.a+s


r \rz rs r'a







i
f
li


l


5FaTlCr.j


I i:e il io i'eiect Hs. At the 5%
r,iqnif icance level, there is not
-r-roLigh evicleiice to i'eject
;ire claim.


'. :;,ii to ieject do. At ihe 1 %


,;gl-iificance level, ihei'e is not
.. aLrgh evidenle tc'supporr thc
-li-Jrm.


'' .a) Hs'. ,r2 - 3 iciaim); Ho'. ,r2 = 3


.r : tf - ';: a+.f, , j 41 92=


Rejection regions:


,i2 .< 13.a44, \.2 > 41 .923


,,,) 24.267 (d) Fail to reject ,{0.


:,t At the 5oo signi{ica'rce lerrel,
there is insufficient evidence
to reject the large appliance
company's claim thai the
variance of the life of the
appliances is 3.


': ;le 5elected Answer's, page A109.


1' la) H6'. tr > 36; H": rr < 36
(claim)


:j) \6 = 13.2a0: Rejection


region: y2.' 13.240


ic) 18.075 (d) Fail to reject He.


ie) At the 'i 0% sigrrificance
level, there is insuf{icieni
arrieionro +^ c' r.^^.+ +h^ *._+cv ucr rlc (J JulivJr L Llltr LE)L


administrator's claim ihat the
standard deviation for eiqirih
graders on the examination
is iess than 35 noints.


lee Selected Answers, page A109.


ia) Ho: rr < 0.5 (claim);
H"'. o > 0.5


irr) r.i : 33.196; Rejection


region: .q'2 > 33.196


ic') 47.04 (d) Reject Ho


i*-) Ai ihe 'l C96 signif icance
ievel, there is sufficient
evidence to reject The
hoqnit: I snokesner con's


claim that the standard
deviation of the waiting
times is no more than 0.5
minute.


',ee 5elected Answers, page A1C9


'!3


'i aj


HYPOTHESIS TESTING FOR VARIANCE AND STANDARD DEVIATION 421


In Exercises I3 and 14, tLse a y! -test to test tlxe claint about the populatiorT variance


o2 or stanclarcl devistiott o at tlxe given level of signi.ficance d Ltsing tlrc given
sample statisti.cs. Assttnte the population is normally disn'ibuted.


13. Claim: o2 : 0.52;a : 0.05. Sample statistics: s2 : 0.508, n : 18


14. Claim:a < 40la = 0.01. Samplestatistics: s :40.8, n:72


E U s I e't g G c': * E rc 
i{e 


*- s:F i"er? [ * !l f e;,r ['; i :,. 1;. r ;.


Testing Claims In Exercises I5-24, (a) write the claim mqtheruaticaLly anct
iclentify Hs and H", (b) find the critical value(s) and identify the rejection
region(s), (c) use the y2-tesr to fintl the stanclardized test statistic, (rt) decicle
whether to reject or fail to reject tl'Le rutll hypothesis, and (e) interpret the decision
in the context of the original claint. For each claim, assltnle the population is
normally distributed.


15. Life of Appliances A large appliance company estimates that the variance
of the life of its appliances is 3. You work for a consumer advocacy group
and are asked to test this claim. You find that a random sample of the
lives of 27 of the company's appliances has a variance of 2.8. At a : 0.05,
do you have enough evidence to reject the company's claim? (Atltiltrt'ci frortt
( !;|1.\Itttlt t lt(t)(,/1\/


l16..rHybrid Vehicle Gas Mileage An automotive manufacturer believes that
! ' the variance of the gas mileage for its hybrid vehicles is 6. You work for an


energy conservation agency.and want to test this claim. You find that a
random sample of the miles per gallon of 28 of the manufacturer's hybrid
vehicles has a variance of 4.25. At a : 0.05, do you have enough evidence to
reject the manufacturer's claim? (,l.dupretl .fionr iitt:ut H.ti,tiii t


17. Science Assessment Tests On a science assessment test, the scores of a


random sample of 22 eighth grade students have a standard deviation of 33.4


points. This result prompts a test administrator to claim that the standard
deviation for eighth graders on the examination is less than 36 points. At
a : 0.10, is there enough evidence to support the administrator's claim?
(,4(ldpt('d .ti'ottt l'atiottttl (lerttt'r tor Edttt,tti,trttrl .llorl.rilc-sl


fiS.l U.S. Historv Assessment Tests A state school administrator says that the
L' standard deviation of test scores for eighth grade students who took a


U.S. history assessment test is less than 30 points. You work for the
administrator and are asked to test this claim. You randomly select l-8 tests


and find that the tests have a standard deviation of 33.6 points. At a = 0.01 ,


is there enough evidence to support the administrator's claim? (.'itltrl;tctl .li o;ii
.\' it t i o r t t r I C t' t tt c r fo r E d r t c o r i o t r t | 5irrtistirrs I


\19., Hospital Waiting Times A hospital spokesperson claims that the standard
'.'' deviation of the waiting times experienced by patients in its minor emergency


department is no more than 0.5 minute. A random sample of 25 waiting times
has a standard deviation of 0.7 minute. At a : 0.10. can you reiect the
spokesperson's claim?


20. Length of Stay A doctor says the standard deviation of the lengths of stay


for patients involved in a crash in which the vehicle struck a tree is 6.14 days.


A random sample of 20 lengths of stay for patients involved in this type of
crash has a standard deviation of 6.5 days. At a = 0.05, can you reject the


doctor's claim? t,\.tfuprcd it (|itt \'.!ti!)t!.tl r'Jiglri rn T't'ufl'it .\Lrft'rt .)tittiittt:;rnrrttttt i
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21. (a) Hs. {t > $3500;
i:!u: c ., $3500 iciairn)


(b) ri : 18.i tr4; tiejeciior
i-egion: 


"2 
< lB.i i4


(c) 37.051 (d) Fail to reject Ho.


(e) At ihe J 0% signif icance
ievei, there is insufficieni
evidence to suppori tne
insurance agent's claim
that the standard deviation
of the totai charge for
patients involved in a crash
in which the vehicie struck
a construction bai-ricade is


iess than $3500.


22. (a) !4s: (r < $30 (ciaim);
1,": a > $30


tb) ri : 37.s66


Rejection region:
72 > 27.566


(c\ 27.613 (d) Failrc reject H6


(e) At ihe 1% signifieance leve[,
there is insufficient erridence
to reiect the travel agencv's
ciaim that the standard
eter.riation of -iire roonr raies
of hotels in the citv is no
more tha;r $30


23. {a) Hs:tr < $20,000;
H": o ), S20,CCO (ciaim)


(b) ,r-d = 24.996; Rejection


reEion: y2 > 24.996


ic) 1 6 265 (C; Fair tc reject Hs.


(e) At the 5% significance level,
there is insuff icieni evidence
to supp0rt the cieim thai the
siandard deviation of the
annuai salaries for aciuaries
is mcre than $20,000.


24. See Selected Answei's. page,A109.


25" P-value - 0.9e ,cg


Faii to 
'-eject 


Ho.


26. P-value - CI.,l189


Faiii0 reje.'i irio.


27" F-vaiue - 1.3{:4V


Faii to iejert n6.


dd. ,"_Vatt..!e _ Ll.a:14


i:ailic reject,'i6.


C H A P'I"t R 7 HYPOTHESIS TESTING WITH ONE SAMPLE


yz cdf tO, 43.2, 40)
,oo,7/ /orj00/


25. Exercise 21


27. Exercise 23


21. Total Charge An insurance agent says the standard deviation of the total
hospital charge for patients involved in a crash in which the vehicle strucft
a construction barricade is less than $3500. A random sample of 2g total
hospital charges for patients invoived in this type of crash has a standard
deviation of $4100. At a : 0.10, can you support the agent's claim? tatjapte)
.fr o i t i |r' t t i o t i ti / f! i g I t v ci't Tr ti ffi c S afe t t' A tl t ; t i i t isi r at i o tt )


22, Hotel Room Rates A travel agency estimates that the standard deviation
of the room rates of hotels in a certain city is no more than $30. you work for
a consumer advocacy group and are asked to test this claim. you find that a
random sample of 21 hotels has a standard deviation of $35.25. At a : 0.01.
do you have enough evidence to reject the agency's claim?


(zJ. sataries The annual salaries of 16 randomly chosen actuaries are listed
below. At a : 0.05, can you conclude that the standard deviation of the
annual salaries is greater than $20,0007 (Atlupred from Anterica's Cureer lnfridet)


68,146 51,529 708,767 68,433 64,600 99,548 ./1,286 
60,516


84,014 779,920 120,9',75 91,345 62,865 76,952 98,522 95,794


24. Salaries An employment information service says that the standard
deviation of the annual salaries for pubiic relations managers is at least
$14,500. The annual salaries for 18 randomly chosen public relations
managers are listed. At a : 0.10, can you reject the claim? (Atlaptet! ft.i.:nt
Anerica's Cnreer InfoNet 1


62,514 15,727 54,649 76,764 94,224 85,077
74,595 75,362 81,399 87,742 90,140 14,416
59,813 80,567 76,370 105,438 59,581 56,805


€ #x€**#Ee=g t*-e*pt=
P-vaf ues You can calculate the P-value for a y2-test using technology. AJier
calculating the y2-test value, you can use the cumulative d.ensity function (CDF)
to calculqte the srea under the curve. From Example I on page 417, x; : $.2.
Using a TI-83/84 (choose 7 from the DISTR menu), enter 0 for the lower bound,
43.2 for the upper bound, and 40 for the degrees of freedom as shown.


The P-value is approximately 1 - 0.6638: 0.3362. Because P > a: 0.05, the
conchtsion is to fail to reject Hs.


In Exercises 25-28, use the P-value method to perform the hypothesis test for the
indicated exercise.


26, Exercise 22


28. Exercise 24
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