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Tests of Significan ce
Example: pick a jury of 12 peoplerandomly out of a pool of 12 men and
12 women
for a fair jury: 6 menand6 women
What about a selecion of

e 5 menand7 women?
e 4 menand 8 women?
e or evenl manand 11 women?

Where do we cut the line and no longerbelievethat the jury sdection was
truly random and fair? That is whendo we doult believingthat the
charce of getting sdeded for eachgender was truly 50/50?
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Some basic terminology

Hypothesis
A hypotheds is a claim or believe about a populaion paramder that we
wish to test.

In any test there are two conpeting hypotheses

e the null hypothesis, denotedby Hy, is a statement of what we
assumeto be true

VS.

e the alternative hypothesis, denotedby H,, whichis a statement
aganst Hy N this is what we warnt to show
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The philosophybehird a statistical hypotheds test is the sameas in a jury
trial. There are only two possibilities:

o OnotguiltyOcorresponding to Hg
VS.

o OguityOcorresponding to Ha
Like in a jury trial the philosophyis:

Oinmcent until proven guilty.O

That is, we assumeOnotguiltyOuntil we have enough evidence to
determine OguiltO.

Likewise we assune Hg is true until we havesu cient evidencen the data
in fava of H,.
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Both, null and alterndive hypothesisare always stated in terms of the
populaion parameer. Geneally this will be p for us.

Example: A brewery claims that the avaagecontent (1) of their cans of
beeris 12 oz, but we susped that the average content is less (getting
ripped 0" )

We wart to test

Ho : VS. Hj:
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Example: Developirg a new diet to looseweight (we are interested in the
avergye weight lossin Ibs.) we want to see if the diet is €" edive.
We wart to test

Ho : vs. Hj:

Example: A machine OincontrolOshout cut wood into 5 feet pieces. It is
suspeded that machine is Ooutof controlO. We wart to test

Ho : vs. Ha:
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In summary we have threedi" erent typesof alternative hypothesesaganst
the null hypothesisHp : 1 = Mo

o
(2]

o

Note, the O=Osignis always included in the null hypothess, neve in the
alternative hypothess.

Ho and H, always haveto contradict each other.

Mo corespondsto the meanwe assumeunder Ho
Introduction to Business Statistics | Sedion 6.2 7127
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Technically, we test

Ho:M! Mo VvS. Ha:p> Mo (instead of Hp : 1 = Ho)
aswell as

Ho:MU" Mo VS. Ha:p< Mo (instead of Hp : 1 = Ho)

For simplicity we will kegp using Hp : L = Mo.

Example: Brewery claimsthe mean(average) content of a can of bee is
12 0z. We take a random sample of 36 bea cansand obtain the sample
mean ® = 11.82 oz. If the standard devation is known to be! = 0.38 oz,
do we haveenough evidencethat the brewery is making a falseclaim?

ealier we set up the following hypotheses:
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If Ha is indea true, we shouldexped ® to be lessthan 12 oz Again, just
like in the jury selestion example, how much less than 12 oz shouldw be
before we start doubting that p = 12? Is a meanof » = 11.98 low
enouglt? What about = 11.227?

The question of intereg becones

Is a value of w = 11.82 unusudly small if the brewery claim of p = 12 ozis
supposel to be true?
If so,then this would be evidence agairst Hp in fava of H,.
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We can useour knowledgeabout the sampling distribution of the mean ®»
and the normal calculdion from Chapter 1.3 to asssshow
unusualunlik ely our data and hence the corresponding samplemeanis:

We need to bnd
P(R! ®)=P(R! 1182),

i.e. bndthe probaklity of obtaining a sample mean that is at least as
unusual (in our case as small) asthe observe one of = 11.82
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If the brewery claim is true (u = 12), what do we know about how ®
behaves for a samplesizeof n = 367? (sanpling distribution)

To evaluate evidencein favor of H,, judge how Ounusuthe observel
samplemean » = 11.82 is by where it falls on the samplig distribution of
® under the null hypothesis
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For reference we then compute a so-called p-value, which is the
probability of getting a value at least as unusual as the observed
sample mean w asuming that Hpg is true.

# p-value measures evidence agairnst Hg
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In the brewery examplemore unusud than w = 11.82 corresponds to ®
smaller than w = 11.82 (under Hp) and equivalently smaller than
z=$284.

What is the areato the left of z = $2.84

the smallerthe p-value the stronge the evidence is aganst the null
hypothess Hg and in favor of Hy! Why? N recall the p-vale tells us how
likely it is to obtain a sample mean as extrene as the obseved oneif the
null hypothesisholds true.

Sothereis only a 0.23% chance of observinga samplemean of 11.82
whenHp : = 12 holds true.
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e Handout (How to bndp-vaueg
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First Summary of a Hy pothesis Test

Write Hp and H, in terms of the parameter p (the popuation mean)
AssumeHy is true
Find z-sore for the samplemean ® from your data

Find corresponding p-value (area under the normal curve)

© 6 06 © o

if data come from a popuation that hasa di" erent meanthan the
one assumeal under the null hypothesisHp we will seea small p-value,
i.e. our data most likely comes from a di" erent population with a

di" erent population mean p
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How small of a p-value do we need?

Typically we will make a decisionto reject Hp by compaing our p-valte to
a presdected cut-0" value.

This cut-0" value is called the level of signibcance and denotel by " .

common choices " = 0.05," = 0.01

Sowhy" = 0.05? What doesit imply?

The levd of signibcanceoarreponds to the error rate that we allow
ourselves, saying that in 5% of all dedsiors we will make the wrong
dedsion, i.e. rejed the null hypothess Hp whenin fact Hg is true.
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If we chose" = 0.01, we would commit the errar only 1% of the times,
but it would be harder to reject the null hypothesis(® will have to be more
extreme before we canregject Hp)
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The choiceof " is somavha subjective N How much of an error
probability are we willing to accept? This is equivalentto how strong your
evidence agairst Hp has to be befare you are willing to reject Ho.

Decision Rule

o if p-value! ", reject Hp in fava of Hy

We say: We havestatistically signibcantevidence against Hp and
have reasonto believe in Hy

o if p-vaue> ", fail to reject Ho

We say: We do not havesu cient evidenceaganst Hp and no reason
to believe in Hy
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Example: " = 0.05 (level of signipcance

We say any p-value ! 0.05is statistically signibPcant at the 0.05 lewel.

Example: Suppose p-value=0.03
e if " = 0.05:

o if " = 0.0L:

Stat 226 (Spring 2008) Introduction to Business Statistics | Sedion 6.2 19/ 27

|
Chapter6.2 N Teds of Signibcance

A technical & philosophical note:

o the decison is always in terms of the null hypothess Ho; we either are
able toOrejet HoOor we O#il to rejed HoO

e we neer prove nether Hp nor Ha, we just collect evidene aganst Ho.
If we fail to Pnd strong evidenceaganst Ho, we will Ostik to HgO.
This does not imply that Hg is neeessaily true, maybe we just did not
have a su ciently large samplesize

e On the other hand, rejecting Hp in fava of H, does not guarantee
that H, is true despitevery strong evidence

For any given hypothesistest, there is two kind of errors we can commit,
but we alsoa very high chance of making a corred dedsion:
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Type | and Type |l err or in Hypo th eses Tests
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e Handouts (OzprocedureO& Examples)
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Connecti on betwe en confid ence inter vals and tw o-sided
hy potheses tests (p.394/395)

Reall the example of water bottling company

Water bottles are supgposal to contain 710 ml on average, ! = 6 ml and a
sampleof 90 bottles yieldedan average of 708 ml.

Example: Is the bottling processstill on target?

We constructed a 98% CI for u and obtained

(706,53 ; 70947)

We concluded intuitively, that this is a good indicatar that the processis
not on target any longer. N Was this intuitive dedsion justibal?
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LetOseewhat dedsionwe will obtain by conducting the correponding
hypothegs test:
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What is th e conn ect ion?
A two-dded hypothesistest usinga signibPcancdevd " and a

(1% ") %100%conbdencentervd are equivdent.
That is, a two-sidedhypothesistest

rejeds the null hypothesisHg exactly when the value | falls outside the
careponding (1$ ") %100% conbdencéntervd
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Pra ctic al versus Stati sti cal Significan ce

e Handout
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