Chapter
Intr.oduction to Infer.ence

When we select a sample, ewant to infer
some onclusion about the population that
the sample represents. nl this chapter, we
will be introduced to the two most dmommon
types of formal statistical inferene:

Con! dence Intervals andrlests of —
Signi cane. Both types of inferene are baed on
the sampling distributions of statistics. The purpose
of this chapter is to describe the reaoning used in
inference"we will study speci ¢ procedures in laer
chapters.

Introduction to Inference:
¢ 101: Estimating with Corl dence

¢ 102:Tests of Signi canae

¢ 103: Making Sense of Statistical Sighcanae
¢ 104: Inference & a Decision
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AP STATISTICS CHAPTER 10:;
INTRODUCTION TO INFERENCE 5
"ASTATISTICAL ANALYSIS, PROPERLY CONDUCTED, |

N ATE
DISSECTION OF UNCERTAINTIES, A SURGERY OF SL™ __.,.cS.0
~MJ MORONEY
Tentative Lesson Guide
Date Stats Lesson Assignment Done

Mon | 1/29| 10.1 [Estimating with ConbdenceRd 535-541Do 1-4

Tues| 1/30| 10.1 |Conbdence Interals Rd 543-554Do 8-10, 20-21, 24-25

Wed| 1/31| 10.2 [Tests of Signibcance Rd 559-566Do 27-32

Thu | 2/1 | 10.2 |Hypotheses - Ricedure Rd 567-581Do 38-40,46-48

Fri | 2/2 | 10.3 |Using Signibcantests Practice Sheet
!

Mon | 2/5 | Quiz |Quiz 10.1-10.2 Rd 586-592Do 57-61

Tues| 2/6 | 10.4 |inference as a Decision Rd 593-598Do 66-68

Wed| 2/7 | 10.4 [Typel,ll Erors - Power Rd 599-602Do 71-72

Thu | 2/8 | Rev |Review Chapter 10 Rd 606-608ReviewSheet

Fri | 29| Ex |[Exam Chapter 10 Online Quiz 10 Due

Note: Class Website:
The purpose of this guide is to helpuy or- Be sue to log on to the class ebsite or
ganize gur studies or this chapter. notes,worksheetslinks to our text compan
The schedule and assignments/rohange ion site etc.
slighty.

http://web.mac.com/statsmonkey
Keep your homework organized andefer to

this when wu turn in your assignments at the Don®forget to take your online quiz!.Be
end of the chater. sure to enter my email adress corectly!
http://bcs.whfreeman.com/yates2e

My emalil adress is:

jmmolesky@isd194.k12.mn.us
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Chapter 10 Objectives and Skills:

These ae the expectationsdr this chater. You should be able to amgr these questions and perin these tasks
accuratey and thooughy. Although this is not an exhaustiveview sheetjt gives a god idea of the "big pict&"
skills that yu should hee after completing this clpger. The more thoroughl and accuratglyou can complete

these taskghe better your preparation.

¢ Estimating with Confidence

[J C% conbdence Inteal br a ParameterAn inter-
val computed fom sample dataypa method that
has pobability C% of psducing an interal contain
ing the true value of the parameter

[J A conbdence interal br an unknavn population
mean pcalculated fom a sample of size n with
mean x(bar)has the érm x(bar) plus/mins z*(
'sigma’/sdXn)) where z* is obtained fsm the nor
mal distribution table and 'sigma’ is the stambar
deviation of the population.

[J The margin of eror formula has thedrm z*(
'sigma’/sdXn)).The margin of eror actualy deter
mines the length of the conbdence intat.

[] Determine a sample size necessér a given
margin of eror.

¥ Tests of Significance

[J The reasoning of a test of signibcance isodevs:
Suppose aull hypothesis is true If we were to repeat
our sampling amemus timeswhat would the chances
be that we would obsere a sample value as egine
as the one that was obsezd?

(1) A null hypothesis is basicgla lypothesis of no
changeBasicajl if one does not eject a mll hypothe
sisthen the test esults ae not statisticaif signibcant.
(2) Failing to eject a mull hypothesis at a lv level of
signibcance is not sing evidence that it is truelt
simpy means that it is not umasonable to assume
that the hypothesis is true

(3) Rejecting aull hypothesis is equivalent toysag
that test statistic is statisticglsignibcant.

(4)The rull and alternate ypotheses ar both stated

in terms of population parametenspt sample statis
tics.You are attempting to use sample statistics to
come to reasonable conclusions about population
parameters.

(5) A P-value is the mbability that one wuld obtain
a statistic as "exéme" as that which was calculated
from the sample
(6) The level of signibcanceff a test is usuali set be
forehandlf a P-value is smaller than thedéeof signib
cancethen the test statistic is statisticplsignipcant.
(7) A statistical test could be 2-tail or 1-tal/hich one
is used depends on the purpose and nature of the test.
If both positie and negatea/deviations fom a parame
ter are important,then one should use a 2-tail teHt.
only positive (or negatie) deviations ae important,
then one should use a 1-tail test.

¢Inference as a Decision

] Real-lié situations fequenty involve Type | and
Type Il erors.Consider the legal arld and a il
hypothesis "This accused man is innocehflype |
error would be determining the man is guilty when
he is innocentA Type Il eror would involve declar
ing the man innocent when he is guiltyreal world
situationspne must often decide which eor type
is more important to minimize

Things to emember

(1)AType | eror can ony occur when a all hypothe

sis is true

(2) AType 1l eror can ony occur when a all hy-

pothesis is false

(3)The Power of a test is 1 - pobability (ype Il er

ror). This is the pobability that pu correctly reject a

false mill hypothesis.
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10.1: Estimating with Confidence - m&m Intervals

“Statistical Inference”:

o]
=

Suppose w want to knav what proportion of m&m&ae RED Theoreticaly, we could gather all
the m&m&in the world and calculate the pportion. Or, considering that matake a whilewe could
take a sample of the population and base our estimate of the populatmpoption on the sample
proportion. However, as ve learned in the last cipter, due to sampling variability the®a g@od chance
our sample poportion will not be the same as the populationgmortion. Since ve donfknow

whether or not our sample prportion is equal to the population pportion,we can construct a
Confidence Interval for our sample poportion that can be used in estimating the true population
proportion.

1) Get two bags of m&ms@om your teacher This is pyur SRS Sample Size n=
2) Calculate the pportion of RED m&nsdn your SRS Sample Proportion P=

3) Sample wportions will vay from sample to sample--the sampling distribution Bwill be Pproxi-
mately normal gien cetain conditions.However,we dontknow what the standat deviation of that
distribution is because evdontknow #. However,we canestimatet from our sample using the

.- [P

Sample Standard Deviation n =

4) Since the sampling distribution d? is gproximately normalwe know that 95% of sample ppor-
tions should be within 2 standdideviations of the true population jiportion #. Sqto estimate a

conbdence interal br #,we simpy take the P from our SRS and construct an intexl that
stretches 2 stqndakde/iations abwe and belav P . We ar 95% conbdent the trug falls betveen
and P -2sand P+2s

95% Confidence Interval: We are 95% confident the true ! falls between and .

There is no wg to know whether or not your interval contains the true population gportion, but we
do know that 95% of all conbdence intets constructed in this manner will contain the tr#eThat is,
the method we used to construct the interal will succeed in @auring the true parameter 95% of the
time. Impotant Note TheO95%0 has nothing to do witlolpability..it is an indication of outonldence
in the procedure used to estimate the parametehence the terndconbdence intealO

The true poportion of RED m&nsds#= . Did your interval cature it?

5) Sletch this conbdence inteal on the boad above the rumber line povided. Indicate wpur P with a
dot and drav two whislers to represent yur interval. Do most of the classO inteds aerlap? If s
what values a contained in the eerlgpping intervals? Did anintervals miss the truét?
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10.1: Confidence Intervals

As we learned in Chater 9,because of sampling variabijlitye statistic calculateddm a sample is raly
equal to the true parameter of intesst. Therefore, when we are trying to estimate a parameteve must
go beyond our statistic value to construct @asonable range thatgares the true parameter value

Confidence Interval:

=
=

Sampling Distribution of p-hat

Proportions

Sampling Distribution of x-bar
Means

Conditions:

Conditions:

Confidence Interval for !

Single Proportion

Confidence Interval for p
Single Mean (sigma known)

Conditions:

Conditions:

If an SRS of size n is chosen from a population
with unknown proportion ! , then a level C Con-
fidence Interval for ! is:

If an SRS of size n is chosen from a population
with unknown mean gy, then a level C Confi-
dence Interval for p is:

Common Critical Values for Confidence Levels:

Confidence Level

Single Tail Area

90%

95%

99%

CHAPTER 10: INTRODUCTION TO INFERENCE S



10.1: Estimating with Confidence - Interval Behavior

When we estimate a parametexe would like high conbdencgbut also a small margin ofrer.
$ $ $ Margin of Error =

What are some was in which ve could laver our margin of eror?

=
=
=

Inference Toolbox: Confidence Intervals ‘

To Construct a Confidence Interval for a Parameter:

2 aaad

Example:
A marufactuer of high-esolution video terminals ost control the tension of the viging sceen to

avoid tears and wrinklesThe tension is measad in milliwlts (mV). Careful study has shven that when
the process is operating pperly, the standad deviation of the tensioneading is 43mV

1" Given a sample of 20 seenswith X = 306.3mV from a single d@ production,construct a
90% conbdence inteal br the mean tension u of all the seens poduced on this da Follow
your 4 steps.

2.$ Suppose the marfactuer wants 99% conbdence rather than 9096ing ypur data fom prob-
lem 1,construct a 99% conbdence int@l. How does it compae to the 90% CI2Vhy?

3" Compary management wants aport of the mean saeen tensiondr the day® production accu
rate within £5 mV with 95% conbdencElow large a sample of video monitorsust be meas
ured to compy with this request?
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10.2: Tests of Significance

We hare learned that Conbdence Inteals can be used to estimate a parame@ften in statistics w
want to use sample data to determine whether or not a claim gpdthesis about a parameter is plausi
ble. A test of signibcance is agmedure in which ve can use sample data to test such a claie. will
focus on tests about a population mean p in thisptea WeOll study pportions and means in mer
detail in the nextéw chaters.

The Reasoning of Tests of Significance
The reasoning of tests of signibcaylid@ conbdence interalsjs based on a consideration of sampling

distributions. Consider the 6llowing situation.

Accatling to the gide OQxdit Canls and CollegStudentého RysWho Benebtsth® cedit cad industy
assets at most 50% of cokegtudents caria cedit cadl balance &m month to month.

The Parameter of Interest in this pioblem is the poportion of college students who cay a bal
ance month to month:

The industy claims 50% of students cgra balanceThis claim is called thMull Hypothesis:
Ho:

Suppose w think the actual pyportion is higherThis would be anAlternative Hypothesis:
Ha:

To test the claimsuppose w tale a SRS of 310 college students and bnd that 21y edbalance
Our Sample Raportion, p-hat,is equal to:

What does our sampl@potion sugest about ? Supposirgreally did equal 50%ould it be possible to
obseve our p-hat in a sample of 310 students?lildty would it be?

What would the Sampling Distribution of p-hat look lile for samples of size 310#f= 0.50?
Be sue to check wur conditions bedre sketching the sampling distribution!

Calculate the pwbability of obseving p-hat = 217/310 = assumitigr 0.50.

This piobability is called R-value. P-value= Significance Level:

If the P-value is sma#, haveedence to sugg} the nullypothesis may kade If the P-value is lejthen
we should not be suged i our statistic value and we haveasnn to question the nyfidthesis
Conclusion:
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10.2: Inference Activity

Our goal in this activity will be to determine whether or not trial size bags of nsnedyh as mch as
their adwertised claim suggestaccording to the labelthe bags should contain oz or g.

To test the claim that p= gve will need to collect data éim an SRS of trial size m&m bagéth
your classmatesarefully weigh 14 bags anecord the data belw. WeOll assumeeights of m&m trial
size packagesa@normaly distributed in the population with standhdeviation = 0.25 g.

Enter the sample data beto

Calculate the sample meam =

What is the population characteristic of inest?That iswhat ae we testing?

What are your null and alternatig hypotheses?
$

We need to consider the sampling distribution ¥Ebe sure to check conditionsdr normality.
Sletch the sampling distribution ofc and indicate gur obseed sample value

Calculate the liglihood of obseving X or something moe extremeEthis should be #two-tailed”
test. Why?

P-\alue= Hav does this compag to our signibPcanceVel alpha=

Conclusion:
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10.1-10.2;: Introduction to Inference Practice

1" Unoccupied seats on Rights cause airlines to lesernue. Suppose a large airline wants to estimate
the arerage mimber of unoccupied seats per Righn SRS of 225 Bights she a sampleverage of
11.6 seats per Righbuppose” =4.1 and ceate a 90% conbdence imntat br the true average mm-
ber of unoccupied seats per Bighhterpret this interval in the context of the pwblem.

2" Suppose gu wish to conduct a study on thevarage length of a hospital gféou would like to estk
mate the &erage length to within 0.5 ga of the true mean at 90% conbdengessuming” =3.7,
how mary patients shouldgu randomy selectVhat if you wanted 95% conbdence?

3." Historicall, science textbooks he taught students that the Baris 93 million miles &m the Sunln
Expeimentation and MeasurenfWJYouden reported the bllowing measwements of the eerage
distance betwen the Eath and Sunincluding Nevcomb®original measement flom 1895jn mil

lions of miles:
93.28 92.83 92.91 92.87 93.00 92.91 92.84 92.98
92.91 92.87 92.88 92.92 92.96 92.96 92.81

Do these data povide signiPcantvidence at the 1% Vel to suggest the trueverage distance isot
93 million milesAssume™ =.112.

4" The arerage human body temperatuiis thought to be 98.60 with =.555. An SRS of 10 malesgr
duced an gerage temperatwe of 97.880What does this sample suggest about the commad
cepted body temperat@? A different SRS of 1GeMmales poduced an eerage body temperater of
98.520What can yu conclude aboutdmale body temperates?

5" The efects of drugs and alcohol on the neus system ha been the subject of considerable r
seach.Suppose a neotogist is testing the edtt of a drug on esponse time Yinjecting 100 rats
with a dosesubjecting each to a stifus,and recording the esponse timel'he arerage esponse
time for the 100 injected rats was 1.05 secontissuming the mearesponse timedr a rat that has
not been injected with the drug is 1.2 seconds withk.5,test the typothesis that the drug has an
effect on response time

6." Spiniéx pigeonspne of the &w bird species that inhabit the dedeasf WesternAustrailiarely on
seedsdr food.The aticle OField metabolism and wateguirements of spinix pigeons (Geoplps
plumitra) inWesternAustrailiaOaported the bllowing Minitab angsis of the veight of seeds (in
grams) in the stomach contents of spixifpigeons.Use the anafsis to construct and intermt a
95% conbdence inteal br the aerage veight of seeds in this type of pigess@mach and com
pare your results to the lypothesis that the mean seed amount is digdl spiniéx pigeons.

TEST OF MU =1.000 VS MU N.E. 1.000
N MEAN STDEV SE MEAN T P VALUE

WEIGHT 16 1.373 1.034 0.258 1.44 017 !
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10.3: Making Sense of Statistical Significance

Signibcance testseawidel/ used in eporting the results of eseach in may belds.Carrying out a test
of signibcance is ofteery simple It is your job to explain the test as completehs possiblén the con
text of the situatiokVe will focus on tests about a population mean p in thisptea WeOll study pe
portions and means in merdetail in the nextdw chaters.

Inference Toolbox: Test of Significance ‘

To Test a Claim about an unknown Population Parameter:

B8 daaadad

To determine the signibcance at a seklealphapne needs to calculate the P-valoe the obsemed
statistic Careful consideration of the test statistiz,can also be used to determine signibcance:

One-Tailed One-Tailed Two-Tailed

P>k p<k H' k

When conducting a tw-tailed testyou can also construct Conbdence Intat. A level,alphatwo-sided
signibcance tesejects a nll hypothesis u=k when k falls outside adé (1-alpha) conbdence intexl br

W

Example:
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10.4: Inference as a Decision

Tests of signibcance assess thergth of @idence against ailt hypothesis.Based on the sangth of
evidencewe mg reject or fail-to-ieject a claim about a parameteince it is possible to obser ex
treme statistic values in a givsamplgit is possible w ma/ mistalenly reject a mll hypothesis that was
really true. Further, it is possible v may fail-to-reject a mll hypothesis that is actuglfalse

Ho is True Ho is False

Reject Ho

Fail-to-Reject Ho

Type-I Error:

Type-Il Error:

Suppose a e lav was enacted in which ciggte companies wre mandated to &ep nicotine content
at or below 1.5mg per cigatte. Suppose a marfiactuer claimed their cigattes contained 1.5 mg of
nicotine on &erage You hae been hied to test whether or not this claim is truelf the cigaette marnu-
facturer® claim isdund to be falsgthey are subject to éderal Pnes and a possible class-activsu.
1) Debne dype | andype Il eror in the context of the poblem.

Type I

Type Il

2) Suppose & are testing the claim at alpha=0.0tbu are gping to sample 36 cigeites and kna that
" =0.20 mg.

a)" At what sample mean valueowld you reject the manfactuer® claim that the cigattes contain

1.5mg of nicotine onverage? HintConsider the sampling distribution assuming their claim is
trueEat what point would you reject the claim?

3) Letpretend that (unbeknanst to us) the true mean content is 1.6mbhat isjn realitythe average
is geater than the acceptable limit and the miéactuer® claim is falseRemembewe are assuming the
claim is true What is the piobability that ve@ correctly reject the manfactuer® claim?

What is the pobability ve® fail-to-reject the false ull? What are the implications of thiype Il eror?
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