Unit 26
Estimation with Confidence Intervals

Objectives:
* To see how confidence intervals are used to estim@bpulation proportion, a population mean, a
difference in population proportions, or a differzenn population means

Before introducing more hypothesis tests, we stwikider another type of statistical analysis Wwhie
can callestimation. Point estimation refers to estimating an unknown parameter witimgles observed value.

For instance, we USE to estimateu, we use?) to estimate\ , and we ussto estimater. Point estimation of

a parameter is rarely satisfactory by itself, sinc®es not provide any sense of how much diffeean value
might be expected between the estimator and ttaer being estimatedinterval estimation, which implies
estimating an unknown parameter with an intervaladfies, instead of just a single value, is muchenuseful
in general, since it does provide some sense gjimaf error in the estimation.

The most widely used type of interval estimatahisconfidenceinterval. A confidence interval is an
interval estimate which has a percentage assoacidthdt; this percentage is the probability thag¢ tonfidence
interval will actually contain the parameter beésjimated and is called thevel of confidence or confidence
level. A confidence level reflects the amount of faith have that the interval actually will contain the
parameter of interest, and it is chosen usingdingestype of considerations that are involved inoshtg a
significance level in a hypothesis test. Just sigaificance level is the probability of makinggpe | error in
hypothesis testing, a confidence level is the godityaof not making the error where the observedfaence
interval does not contain the parameter of interésie most commonly chosen confidence levels @%,9
95%, and 99% corresponding to the most commonlg@maignificance levels 0.01, 0.05, and 0.10.

Choosing a 95% confidence level implies that veevaitling to tolerate a 5% (or 0.05) probability of
obtaining a confidence interval which does not aimthe parameter of interest. In other words, @5%l the
possible confidence intervals that we might obsataeally do contain the parameter of interest, tarbther
5% do not contain the parameter of interest.

Confidence intervals can be utilized as an alteredao hypothesis testing or can be used in carjan
with hypothesis testing. Suppose, for instancat, aforest ranger is interested in the propontibinees
affected by a recent blight in a wooded area. ritfeoto perform a hypothesis test, the ranger wbaice to
formulate null and alternative hypotheses. Iftdaeger has no hypothesized value for the propodfdrees
affected by the blight, then a confidence intepalld be utilized instead of a hypothesis test. tl@nother
hand, suppose the manager at certain manufactplangis interested in the proportion of underweigh
packages from an assembly line. If the managetssarknow whether or not this proportion is diéfiet from
0.07, a hypothesis test could be utilized. In,fdus hypothesis test was done previously in Tabld; Figure
20-3 graphically displays the rejection regiontfue test. Since the results of the test weressitzlly
significant at the 0.05 level, we concluded thatphoportion of underweight packages is differeont 0.07,
and the results of the test seemed to suggedhiharoportion of underweight packages is gredizn 0.07.
While this conclusion certainly provides the mamagith some useful information, it may not be enloud he
manager may be interested in just how far above @ proportion of underweight packages is. Aficemce
interval could be utilized to address this issue.

Finding a confidence interval for a parameter misalty implies defining a likely set of values ftire
parameter based on the information available ianapde. You should not be surprised that defininghsau
likely set of values is related to defining a réj@e region, which is an unlikely set of values $otest statistic
in a hypothesis test. Returning to the illustmaiio Table 20-1 where the manager wants to knowthéreor not
the proportion of underweight packages is diffefemn 0.07, we recall that the shaded area of Ei@d-3
represents unlikely values for théest statistic if It A = 0.07 is true. Consequently, the unshaded regfion
Figure 20-3 represents a likely set of valueslierz test statistic if $1A = 0.07 is true.
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Suppose the sample sizés large enough to treat the sampling distribun'brf) as a normal
distribution (and you should recall how to verifys). Then, roughly speaking, we know that thtedénce

betweenp and the actual value afis very likely to be within two or three standaleviations, where
o, = JA@=A)/n is the standard deviation of the sampling distidruof p. We can make this statement

more precise by choosing a confidence level on lvtodase the statement. In the illustration coming the
underweight packages, the manager might choosefalence level of 95% to correspond with the 0.05
significance level used in the hypothesis teste Gihshaded area of Figure 20-3 lies betwerfps= —1.960

andzy g25= +1.960, and represents the probability '[Bawill be within 1.96,/A(L—A)/n of the value ok . In
other words, we can be 95% sure tTImlwiII be within 1.960/A(L—A)/n of the value oh .

Subtracting and adding 1.9¢0I (1-A)/n to T) will define limits between which we can feel 95%
confident that the value @flies. This would give us a 95% confidence intéfgaA except for one problem.
In order to be able to calculate 1.9&(1—/1)/n , we must know the value af; but if we knew the value of
A , there would certainly be no reason to try tingsteA with a confidence interval! We can easily sohis t

problem by estimating with E in the formulay/ A(L-A)/n , that is, by using/f)(l—f))/n to estimate
JA@=A)/n.

Let us now illustrate how the manager in the iliason in Table 20-1 concerning the underweight
packages can obtain a 95% confidence intervah®ptoportion of underweight packages. In a randample

of 250 packages, 27 were found to be underweight fvhich it was found thap = 27/250 = 0.108. The

limits for the 95% confidence interval are obtaitgdmultiplyingzy g.s= 1.960 byﬁf)(l—?))/n =

\/0.108(1— 0.108)/250 = 0.01963, and then subtracting this result frang adding this result tq_;) =0.108.
Specifically, the 95% confidence interval is caétal as follows:

0.108 — (1.960)(0.01963) X< 0.108 + (1.960)(0.01963)
0.108 — 0385 & < 0.108 + 0385
0.0695 <\ < 0.1465
We interpret this confidence interval as follows:
We are 95% confident that the proportion of undegivt packages is between 0.0695 and 0.1465.

The manager concludes from this confidence intéhed the percentage of underweight packages is
most likely to be between 6.95% and 14.65%. Ndtie¢ the hypothesized proportion 0.07 is veryelasthe
lower limit of the confidence interval but still thin the bounds determined by the confidence ialeris a
general rule, when a null hypothesis is rejectieel Hiypothesized value will almost never be in the
corresponding confidence interval; similarly, wheenull hypothesis is not rejected, the hypothesvadde will
almost always be included in the correspondingidente interval.

The manager now has some idea about the percearftageerweight packages; however, the length of
the confidence interval obtained here may be tag to allow the manager to decide whether or ret th
proportion of underweight packages should be censiticlinically significant. Suppose the managewiiling
to live with, say, 8% or 9% of the packages beindarweight, but not willing to live with more tha8% of
the packages being underweight. The limits ofcthrefidence interval suggest that the percentage of
underweight packages may be more than 10% orHess1t0%. It would be desirable to have a confidenc
interval with a smaller length in order to makesttiecision.

By asking for less confidence, the length of aficiemce interval will decrease. For instance, & mad
used a 90% confidence level instead of a 95% cendéd level in the confidence interval we just poasly
obtained, we would have useghs = 1.645 in place af oo5= 1.960. This would have given us a confidence
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interval with a smaller length, but the price wg far this is that we do not feel as certain tthat value of\ is
within the limits of the confidence interval. Thely way to decrease the length of a confidencrviad
without changing the confidence level is to deceghig standard error by increasing the sample ¢izbe
manager wants a confidence interval with a smédlggth while still maintaining a 95% confidencedévhe
sample size of 250 will have to be increased.

We can make the following statements about confidéntervals in general. With a given sample,size
increasing the confidence level will increase #mggth of the confidence interval, and decreasiegtinfidence
level will decrease the length of the confidenderval. With a given confidence level, increasing sample
size will tend to decrease the length of the canfad interval, and decreasing the sample sizaemitl to
increase the length of the confidence intervalesehstatements should match our intuition but shalglo be
clear from the algebraic formula for computing toafidence interval in our previous illustration.

—h

Self-Test Problem 26-1. Self Test Problem 20-1, a hypothesis test wa®peed concerning the proportion
registered voters intending to vote for a candidtatn upcoming election for governor. In the rmdsample
of 500 registered voters selected for the hypositesit, 165 said they would vote for the candidatee results
of the test, which were statistically significatttze 0.01 level, suggested that less than 0.408eofegistered
voters intended to vote for the candidate.
(&) Considering the results of the hypothtesgsin Self Test Problem 20-1, explain why a adetfice
interval for the proportion of registered votertemmding to vote for the candidate would be of ieser
(b) Find and interpret a 99% confidence irakfar the proportion of registered voters intemgia vote for
the candidate.
(c) How would a 90% or 95% confidence intevaldifferent from the one found in part (b)?
(d) How would the confidence interval in p@o} most likely have been different if it had bdsased on a
random sample of 1000 voters instead of the 50Hgtused?

In general, confidence intervals involving propams and means are obtained by subtracting and@ddi
the proper number of standard errors. Accesset@tbper statistical software or programmable d¢atouwill
allow you to avoid having to do much of the caltiola necessary to obtain a confidence intervahoalgh we
do display the calculations for several of the @arice intervals discussed in this chapter.

Let us now consider how we might obtain a confaeimterval for the difference between two
proportions. Suppose that channels 4 and 8 botdioast the same 11:00 newscast, and that theedicie
between the two different viewing areas in the prtpn of residents who viewed last night's newsisasf
interest. A hypothesis test to see if there wasemdence of a difference in these two proportivas
previously done; Figure 25-1 graphically displays tejection region for the test. Since the resufithe test
were statistically significant at the 0.10 levek woncluded that there is a difference betweeivtbeviewing
areas in the proportion of residents who viewetiagt's newscast, and the results of the teshedeo
suggest that the proportion of viewers is greatéhe channel 8 viewing area. A confidence inteceald now
be utilized to obtain some idea of just how lartge tifference is and to aid in deciding whethenat this
difference should be considered clinically sigrafit. We shall choose a confidence level of 90%otoespond
with the 0.10 significance level used in the hypsih test.

You can recall, or look back at the illustrationverify, that in a random sample of 175 residéamthe
channel 4 viewing area, 49 residents viewed thespast, and that in a random sample of 225 residtetie
channel 8 viewing area, 81 residents viewed thespast. Also recall or verify that the standardeof the
difference between sample proportions was estimatembmbining these two samples together under the
assumption that the null hypothesig M, —Ag = 0 was correct. However, if we are going to asenfidence
interval to estimate the difference between prapost we cannot assume the proportions are equal.
Consequently, our estimate of the standard errat adlow for the possibility that the two proporigare
different (which is in fact precisely what we camtéd in our hypothesis test comparing the two vigwi
areas!). An estimate of the standard error oftifference between two sample proportions, wittesguming
thatA; andA, are equal, is given by
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The channel 4 sample proportion of residents wewed the newscastfsu =49/175 = 0.28, and the channel

8 sample proportion of residents who viewed theguast isB g = 81/225 = 0.36. We then estimate the
standard error of the difference between the twepda proportions to be

\/ 0281- 028) , 036{1- 036)

= 0.04665 .

175 225

As with the confidence interval for one proportiare assume that the difference between sample pgrops
has a normal distribution, which will be true wehfficiently large sample sizes. The limits foe t90%
confidence interval are obtained by multiplyings = 1.645 by the estimate of the standard error@bB4and
then subtracting this result from, and adding te&ult to, p 4 — pg=0.28 — 0.36 = — 0.08.

The choice of which sample proportion is subtréidtem the other is arbitrary, since we have

subtracted the larger proportion from the smaltepprtion, the difference?h — P sturned out to be negative.
The 90% confidence interval can be calculated baws:

— 0.08 — (1.645)(0.04665) X —Ag < — 0.08 + (1.645)(0.04665)
—0.08 — 0.0767 X4 —Ag < — 0.08 + 0.0767
—0.1567 A, —Ag < — 0.0033

The fact that the confidence interval lies entitedyow O (zero) is a reflection of the fact that M, —Ag = 0 was
rejected, and that the data suggested that th@iia@p of viewers is greater in the channel 8 viegvarea.
When interpreting a confidence interval for thdatfiénce between two proportions, it is generallierao
think in terms of positive differences instead efjative differences. We interpret this confideimterval as
follows:

We are 90% confident that the difference betweertwo viewing areas in the proportion of residents
who viewed the newscast is between 0.0033 and0, 14th the Channel 8 viewing area showing a
larger proportion than the Channel 4 viewing area.

If the length of this confidence interval appearbé too large to give us an accurate indicatiomef
difference, increasing the sample sizes in ordérdetrease the length of the interval without afiag the
confidence level.

Self-Test Problem 26-2. The proportion of dissatisfied customers is b@ompared for two airlines, Safeway
and Ricketty. In a random sample of 801 Safewayatners, 153 were dissatisfied; in a random saoifpl@5
Ricketty customers, 111 were dissatisfied.

(a) Find and interpret a 90% confidence irakfar the difference in proportion of dissatisfieastomers
between the two airlines.

(b) If a hypothesis test with= 0.10 were to have been performed to see if tvere any evidence of a
difference in proportion of dissatisfied customieesween the two airlines, what would most likelydg
been concluded?

(c) How would a 95% or 99% confidence intevaldifferent from the one found in part (a)?

(d) How would the confidence interval in p@} most likely have been different if it had bdssed on
two random samples each of size 400 customersathsiethe sample sizes actually used?
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We have now discussed confidence intervals inaglhgither one proportion or two proportions. Letu
now consider confidence intervals involving eitbee mean or two means. You shall find that theeggn
procedure is the same as with one proportion orgsgportions.

Suppose we want a confidence interval for the na@aount of cereal per box from an assembly line. A
hypothesis test to see if there was any evidentigapthe mean is different from an advertised d2ces was
previously done; Figure 21-1 graphically displays tejection region for the test. Since the resufithe test
were statistically significant at the 0.05 levek woncluded that the mean amount of cereal persdikferent
from 12 ounces, and the data suggest that the iméass than 12 ounces. A confidence intervald¢oolw be
utilized to obtain some idea of just how large ttifference is and to aid in deciding whether or thes
difference should be considered clinically sigrafit. We shall choose a confidence level of 95%otoespond
with the 0.05 significance level used in the hygsih test.

You can check (or recall) that this hypothesi$ wess done using a random sampl@éef 16 boxes of

cereal, from which we found = 11.880 ounces argk 0.220 ounces. The limits for the 95% confidence

interval are obtained by first multiplyirtgs.o 0250y s/\/— = O.ZZQ/\/E = 0.055, which is the estimate of the
standard error that appears in the denominatdreobhe samplestatistic; this result is then subtracted from,

and added to?(. We will let you do these calculations of theitgrof the confidence interval, and of course
you can also use appropriate statistical softwageprogrammable calculator; then write the intetgtion of
the results. Your interpretation of results shcagdas follows:

We are 95% confident that the mean amount of tpegebox is between 11.763 and 11.997 ounces.

The fact that the confidence interval lies entitedyow 12 ounces is a reflection of the fact thatH= 12 was
rejected, and the data suggest that the mearsighias 12 ounces.

Each of the confidence intervals in our illuswwas thus far was used after a hypothesis test &eawl b
performed. As we stated earlier, a confidencenmalanay also be utilized in place of a hypothéss.
Suppose we are interested in the difference in rgaarstrength, measured in pounds of force, betwee
right-hand grip strength and left-hand grip stréngt21-year old, right-handed males. If our pwgcs simply
to estimate the difference without formulating d&yypotheses, then we can utilize a confidence iaterwe
shall choose a 99% confidence level. Self-Tesbler 23-1(f) contains the following samplerof 8 paired
observations of grip strength (Ibs.) which can bedito obtain a confidence interval for the meé#fierdince:

Right 86 87 83 93 71 76 91 100
Left 84 84 76 90 67 70 87 99

You may verify that after subtracting the left-hagrgp strength from the right-hand grip strengtie sample
mean difference isl = +3.75 pounds and the sample standard deviafitredalifferences isy; = 1.982 pounds.
The limits for the 99% confidence interval are ated by first multiplyingtz.o.00sbYy Sq /\/ﬁ = 1.981\/_ =

0.700743, which is the estimate of the standamt @frd ; this result is then subtracted from, and addedl to
We will let you do these calculations of the limafsthe confidence interval, and of course you algo use
appropriate statistical software or programmableutator; then write the interpretation of the ésu Your
interpretation of results should be as follows:

We are 99% confident that the mean differenceiim girength between the right and left hands is
between 1.30 and 6.20 pounds, with the right I&radving a larger mean.

The fact that the confidence interval lies entir@bpve zero suggests that Hz _ . = 0 would be rejected if the
two-sided hypothesis test were performed with 0.01 (which corresponds to the selected 99%idente
level).

Finding a confidence interval for the mean of aylation from one random sample and finding the
confidence interval for the mean of a populatioulifferences from one random sample of paired ofasens
are essentially the same thing. This is becauseamdom sample of paired observations can bestieat one
random sample of observed differences between. pais® independent random samples would be uséddo
a confidence interval for the difference betweea pepulation means.
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Self-Test Problem 26-3. In Self-Test Problem 21-2, a hypothesis test paaformed concerning the mean
lifetime of a manufacturer's light bulbs. The fesof the test, which were statistically signifitat the 0.10
level, suggested that the mean lifetime of the $idhless than the claimed 500 hours. In the nansimple of
40 light bulbs selected, the sample mean was ftaube 483.75 hours and the sample standard deviatks
found to be 26.35 hours.
(a) Considering the results of the hypotht=gsin Self-Test Problem 21-2, explain why a oderfice
interval for the mean lifetime of the light bulb®wd be of interest.
(b) Find and interpret a 90% confidence irakfar the mean lifetime of the manufacturer'stigghlbs.
(c) How would a 95% or 99% confidence intetvaldifferent from the one found in part (b)?
(d) How would the confidence interval in p@o} most likely have been different if it had bdsased on a
random sample of 20 bulbs instead of the 40 agtuskd?

Self-Test Problem 26-4. In Self-Test Problem 24-1, a hypothesis test paaformed concerning the differend
in mean time spent watching TV weekly and the nteaa spent listening to the radio weekly in a parear
state. The results of the test, which were siedity significant at the 0.10 level, suggested tha mean
weekly radio hours is larger. In the random sanopl@0 individuals selected (for which results wereorded
in the SURVEY DATA, displayed as Data Set 1-1 &t é¢md of Unit 1), the sample mean difference, sahtrg
weekly radio hours from weekly TV hours, was fotade — 4.9 hours and the sample standard deviatitite
differences was found to be 10.1755 hours.

(a) Considering the results of the hypotht=gsin Self-Test Problem 24-1, explain why a oderfice
interval for the mean difference in time spent watg TV weekly and time spent listening to the cad
weekly would be of interest.

(b) Find and interpret a 90% confidence irakfar the mean difference in time spent watchivgweekly
and time spent listening to the radio weekly.

(c) How would a 95% or 99% confidence intetvaldifferent from the one found in part (b)?

(d) How would it be possible to decrease é&mgth of the 90% confidence interval in part (biheut
changing the level of confidence?

D

Self-Test Problem 26-5. In Self-Test Problem 22-2, a hypothesis test paaformed concerning the mean
yearly income in a state. The results of thewese not statistically significant at the 0.01 levim the random
sample of 30 individuals selected (for which resulere recorded in the SURVEY DATA, displayed asaDa
Set 1-1 at the end of Unit 1), the sample meanfawasd to be 45.4 thousand dollars and the samalelatd
deviation was found to be 15.895 thousand dollars.
(a) Considering the results of the hypotht=gsin Self-Test Problem 22-2, explain why a oderfice
interval for the mean yearly income would not béntdrest.
(b) Explain why we would expect a 99% conficeimterval for the mean yearly income to conthim t
hypothesized 42 thousand dollars in Self Test Rra#2-2; then verify that the 99% confidence
interval does contain the hypothesized mean.

Recall that when we considered a hypothesis tastarning the difference between two population
means, both the pooled two samplest and the separate two santgkst were available. However, we
suggested that the separatest always be used, since this test does noirectipat the variation be the same in
the two populations being compared as is requiyeithd pooled two sampteest, and when this requirement is
met, both tests give close to identical resultsr dssentially the same reason, we suggest tratfalence
interval based on the separate two sarhfdst statistic always be used instead of a confidénterval based on
the pooled two samplgest statistic. As can be seen in Section B &upfendix B, the necessary calculations
for thet statistics can be rather difficult and tediousccéss to the appropriate statistical software and
programmable calculators is usually essential atfice for performing the separate two sanbésst or
obtaining the limits of the confidence interval dd®n the separatestatistic.
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As an example, suppose we want a 95% confideteeval for the difference in mean breaking strength
(Ibs.) between Deluxe brand rope and Econ branel. r&elf Test Problem 23-2(c) contains the follayvin
samples ofp = 12 breaking strengths for Deluxe rope ape 10 breaking strengths for Econ rope:

Deluxe 183 197 179 177 176 187 171 199 182 197 19787
Econ 162 165 180 185 189 176 159 164 186 164

With this data you will find thak , = 186 Ibsandsp = 9.6011 Ibs. are the respective sample mean and

standard deviation for the Deluxe sample, andxbat173 Ibs. and: = 11.4018 Ibs. are the respective
sample mean and standard deviation for the EcoplsanBy using the formula for degrees of freedoveg
with the separate two sampgleest statistic, one will find thalf = 18 when rounded to the nearest integer. The
2 2
limits for the 95% confidence interval are obtaitgdirst multiplyingtis.o.025= 2.101 by Snl— + % = 4.5477
1 2
which is the estimate of the standard error thaeaps in the denominator of the separate two sainspéeistic;
this result is then subtracted from, and addethtdifference between the two sample means (whererder
of subtraction is arbitrary and will not affect thieal results). We will let you do these calcidat of the limits
of the confidence interval, and of course you meg appropriate statistical software or a progranienab
calculator. Then, write the interpretation of theults. (Keep in mind that when interpreting afctence
interval for the difference between two meanss fgénerally easier to think in terms of positiviedences
instead of negative differences.) Your interpiietabf results should be as follows:

We are 95% confident that the difference in meaaaking strength between Deluxe brand rope and
Econ brand rope is between 3.4 and 22.6 Ibs., twélDeluxe brand showing a larger mean.

The fact that the confidence interval lies entir@hyone side of zero (which side depending on tteroof
subtraction selected) is a reflection of the faet tH): pp — e = 0 would be rejected if the two-sided hypothesis
test were performed withh = 0.05 (which corresponds to the selected 95%idence level).

(Just for the sake of comparison, we could firel98% confidence interval based on the pobled
statistic. We find thadf = 20, and the limits of the confidence intervad @r7 and 22.3. These limits do not
appear to be drastically different from the linbiessed on the separatstatistic. This is most likely a reflection
of the fact that there is not a significant difiece in standard deviations for the two rope brgnds.

Self-Test Problem 26-6. A confidence interval for the difference in meame spent watching TV weekly
between males and females in a particular staikirderest. The sample of males selected andah®le of
females selected to obtain the SURVEY DATA, displhyas Data Set 1-1 at the end of Unit 1, are ulesde
two independent random samples.

(@) Find and interpret a 95% confidence wakfor the difference in mean time spent watchivgweekly
between males and females; use the confidenceahtesised on the separatgatistic.

(b) If atwo-sided hypothesis test with= 0.05 were to have been performed to see if tivere any
evidence of a difference in mean time spent watchivi weekly for males and females, what would
have been concluded?

(c) How would a 90% confidence interval bdat&nt from the one found in part (a)?

(d) How would a 99% confidence interval bdati&nt from the one found in part (a)?

(e) How would the confidence interval in p@) most likely have been different, if it had bédssed on
random samples each of size 40 instead of the sasigas actually used?
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Self-Test Problem 26-7. In Self-Test Problem 24-3, data was observedsitudy to see if the mean blood
pressure was higher for employees at a Nuketownrfathan for employees at a Highville factory. eTitesults
of the test were statistically significant at th@Dlevel. In a random sample of 35 blood pressabserved at
the Nuketown factory, the sample mean was fourmkt®26.2 and the sample standard deviation waslfaun
be 8.9; in a random sample of 40 blood pressurssreed at the Highville factory, the sample mean feand
to be 117.9 and the sample standard deviation evaxifto be 10.4.

(a) Considering the results of the hypotht=gsin Self-Test Problem 24-3, explain why a oderfice
interval for the difference in mean blood pressafremployees between the Nuketown and Highvillg
factories would be of interest.

(b) Find a 99% confidence interval for thefeli€énce in mean blood pressure between the tworfast

(c) How would a 90% or 95% confidence intetvaldifferent from the one found in part (b)?

(d) How would the confidence interval in pdo} most likely have been different if it had bdmsed on
two random samples each of size 80 instead ofaimpke sizes actually used?

We have now introduced hypothesis tests and cemfiel intervals concerning means and proportions
for both one sample data and two sample data. &dtiese hypothesis tests and confidence inteivdlased
on the assumption that either we are sampling fxararmal distribution or we have a sufficientlygarsample
size. (Looking at normal probability plots, loogiat box plots, and looking for outliers can bephdlin
deciding whether the confidence intervals involvingans will be appropriate.)

Answersto Self-Test Problems
26-1 (a) Rejecting Ksuggests that the proportion of the registeredrgantending to vote for the candidat
is different from 0.40 but gives us no informatelout size of the difference. A confidence intérva
will provide information about the value of the pootion.
(b)n =500, p =165/500 = 0.33.
Zo.005= 2.576 can be used to obtain the 99% confidamesval limits 0.276 A < 0.384.
We are 99% confident that the proportion of regied voters intending to vote for the
candidate is between 0.276 and 0.384.
(c) A 90% or 95% confidence interval would havgharter length than the one in part (b).

(d) The confidence interval in part (b) would tednchave a shorter length if based on a random lgamp
of 1000 voters.

1)

26-2 (a) ps=153/801 =0.191px = 111/735 = 0.151.

Zo.0s = 1.645 can be used to obtain the 90% confidantegvial limits 0.0085 45 —Ag < 0.0715.

We are 90% confident that the difference in pripo of dissatisfied customers between the
Safeway and Ricketty airlines is between 0.0085@&0715, with Safeway airlines showing the
larger proportion.

(b) Since the 90% confidence interval in partligg entirely above 0 (zero),,H\s —Ag = 0 would have

been rejected withh = 0.10, and the results of the test would sugipedtthe proportion of dissatisfied

customers is higher among Safeway customers.

(c) A 90% or 95% confidence interval would haverager length than the one in part (a).

(d) The confidence interval in part (a) would teéadhave a shorter length if based on two random

samples each of size 400 customers.

(continued next page)
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26-3

26-4

26-5

26-6

Answersto Self-Test Problems

(continued from previous page)
(a) Rejecting Hsuggests that the mean lifetime of the manufacsuight bulbs is different from 500
hours but gives us no information about the sizénefdifference. A confidence interval will proeid
information about the value of the mean.

(b)n =40, X =483.75 hourss = 26.35 hours.
t30:0.05= 1.684 can be used to obtain the 90% confidemeevial limits 476.7 €1 < 490.8.

We are 90% confident that the mean lifetime efrttanufacturer's light bulbs is between 476.

and 490.8 hours.
(c) A 95% or 99% confidence interval would haverager length than the one in part (b).
(d) The confidence interval in part (b) would tenchave a longer length if based on a random sam
of 20 bulbs.

(a) Rejecting Hsuggests that there is a difference in the meaa spent watching TV weekly and
mean time spent listening to the radio weekly ivegus no information about the size of the
difference. A confidence interval will provide ormation about the size of the difference.

(b)n=40,d =-4.9 hourssy = 10.1755 hours.
t29:0.05= 1.699 can be used to obtain the 90% confidemeevial limits — 8.057 g1y _r<—1.743.

We are 90% confident that the mean differendeme spent watching TV weekly and time
spent listening to the radio weekly is betweéi2.and 8.057 hours, with weekly radio hours
showing a larger mean.

(c) A 95% or 99% confidence interval would haverager length than the one in part (b).

(d) Increasing the sample size will tend to desege length of a confidence interval with a given

confidence level.

(a) Since not rejectingdsuggests that the mean yearly income is not lahger the hypothesized 42
thousand dollars, a confidence interval for the mdigference would not be of interest.

(b) The limits of the 99% confidence interval 84 thousand dollars and 53.4 thousand dollars,
between which lies the hypothesized mean 42 thaudaltars.

(a)ny = 15, Xy = 14.4 hourssy = 4.9106 hourgy: = 15, X = 10.2 hourss: = 4.0391 hours.
t27.0.025= 2.052 can be used to obtain the 95% confidameevial limits 0.83 quy — g < 7.57.

We are 95% confident that the difference in m#ae spent watching TV weekly between
males and females is between 0.83 and 7.57 heilhsnales showing a larger mean.

(b) Since the 95% confidence interval in partligg entirely above 0 (zero) oHiw —Hr = 0 would have

most likely been rejected with = 0.05, and the results of the test would sugiipedtmales showing a

larger mean.

(c) A 90% confidence interval would have a sholdagth than the one in part (a).

(d) A 99% confidence interval would have a lonigeigth than the one in part (a).

(e) The confidence interval in part (a) would téodhave a shorter length if based on two random

samples each of size 40.

(continued next page)
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Answersto Self-Test Problems
(continued from previous page)
26-7 (@) Rejecting Kisuggests that the mean blood pressure is highemgduketown factory employees
than among Highville factory employees but givesiasnformation about the size of the differenge.
confidence interval will provide information abdbe size of the difference.

(b) NN = 35, XN = 1262,SN = 8.9,nH =40, XH= 1179,SH =10.4.
t73.0.00s= 2.660 can be used to obtain the 99% confidamteeval limits 2.4 quy —py < 14.2.

We are 99% confident that the difference in madland pressure of employees between the
males Nuketown and Highville factories is betw@ehand 14.2, with the Nuketown factory
showing a larger mean.

(b) Since the 95% confidence interval in partligg entirely above 0 (zero) Hiw — e = 0 would have

most likely been rejected withh = 0.05, and the results of the test would sugiipedtmales showing a

larger mean.

(c) A 90% or 95% confidence interval would havgharter length than the one in part (b).

(d) The confidence interval in part (b) would tenchave a shorter length if based on two random

samples each of size 80.

Summary

Point estimation refers to estimating an unknown parameter witimgls observed valuelnterval
estimation, which implies estimating an unknown parameteh\ait interval of values, is much more useful in
general, since it does provide some sense of mafgirror in the estimation.

The most widely used type of interval estimatdhisconfidence interval. A confidence interval is an
interval estimate which has a percentage assooidthdt; this percentage is the probability thag ttonfidence
interval will actually contain the parameter beewgimated and is called thavel of confidence or confidence
level. A confidence level reflects the amount of faith have that the interval actually will contain the
parameter of interest, and it is chosen using dngestype of considerations that are involved iroshtg a
significance level. The most commonly chosen amifce levels are 90%, 95%, and 99%, corresponditiget
most commonly chosen significance levels 0.01,,(a08 0.10. While hypothesis tests can be onatgide
two-sided, confidence intervals are generally abvayo-sided.

The limits for a confidence interval involving ooemore proportions or one or more means are
obtained by first multiplying an appropriate tabiedhlue or tabled value by an appropriate estimate of
standard error, then subtracting this result frang adding this result to, the point estimate. fOneaula for
the proper standard error in each case is therotieidenominator of the correspondmgy t test statistic.
Access to the appropriate statistical softwarerogrammable calculator allows one to avoid havindd much
of the calculation necessary to obtain a confidémiszval.
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