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Chapter6, Section6.2

Test of SigniÞcance (Hypothesistesting)
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Chapter6.2 Ñ Tests of SigniÞcance

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 men and 6 women

What about a selection of

5 men and 7 women?

4 men and 8 women?

or even 1 man and 11 women?

Where do we cut the line and no longerbelievethat the jury selection was
truly random and fair? That is whendo we doubt believing that the
chance of getting selected for eachgender was truly 50/50?
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Some basic terminology

Hypothesis

A hypothesis is a claim or believe about a population parameter that we
wish to test.

In any test there are two competing hypotheses:

the null hypothesis, denotedby H0, is a statement of what we
assumeto be true

vs.

the alternative hypothesis, denotedby Ha, which is a statement
against H0 Ñ this is what we want to show
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The philosophybehind a statistical hypothesis test is the sameas in a jury
trial. There are only two possibilities:

ÒnotguiltyÓcorresponding to H0

vs.

ÒguiltyÓcorresponding to Ha

Like in a jury trial the philosophyis:

Òinnocent until proven guilty.Ó

That is, we assumeÒnotguiltyÓuntil we haveenough evidence to
determine ÒguiltÓ.

Likewise we assume H0 is true until we havesu! cient evidencein the data
in favor of Ha.
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Both, null and alternative hypothesisare always stated in terms of the
population parameter. Generally this will be µ for us.

Example: A brewery claims that the averagecontent (µ) of their cans of
beer is 12 oz, but we suspect that the average content is less(getting
ripped o" )

We want to test

H0 : vs. Ha :
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Example: Developing a new diet to looseweight (we are interested in the
average weight lossin lbs.) we want to see if the diet is e" ective.

We want to test

H0 : vs. Ha :

Example: A machine ÒincontrolÓshould cut wood into 5 feet pieces. It is
suspected that machine is Òoutof controlÓ. We want to test

H0 : vs. Ha :
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In summary we have threedi" erent typesof alternative hypothesesagainst
the null hypothesisH0 : µ = µ0

1

2

3

Note, the Ò=Ósign is always included in the null hypothesis, never in the
alternative hypothesis.

H0 and Ha always haveto contradict each other.

µ0 correspondsto the meanwe assumeunder H0
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Technically, we test

H0 : µ ! µ0 vs. Ha : µ > µ0 (instead of H0 : µ = µ0)

as well as

H0 : µ " µ0 vs. Ha : µ < µ0 (instead of H0 : µ = µ0)

For simplicity we will keep using H0 : µ = µ0.

Example: Brewery claimsthe mean(average) content of a can of beer is
12 oz. We take a random sample of 36 beer cansand obtain the sample
mean øx = 11.82 oz. If the standard deviation is known to be ! = 0.38 oz,
do we haveenough evidence that the brewery is making a falseclaim?

earlier we set up the following hypotheses:
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If Ha is indeed true, we shouldexpect øx to be lessthan 12 oz. Again, just
like in the jury selection example, how much less than 12 oz shouldøx be
before we start doubting that µ = 12? Is a meanof øx = 11.98 low
enough? What about øx = 11.22?

The question of interest becomes:

Is a value of øx = 11.82 unusually small if the brewery claim of µ = 12 oz is
supposed to be true?
If so, then this would be evidence against H0 in favor of Ha.
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We can useour knowledgeabout the sampling distribution of the mean øx
and the normal calculation from Chapter 1.3 to assesshow
unusual/unlik ely our data and hence the corresponding samplemeanis:

We need to Þnd
P( øX ! øx) = P( øX ! 11.82),

i.e. Þnd the probability of obtaining a sample mean that is at least as
unusual (in our case as small) as the observed one of øx = 11.82
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If the brewery claim is true (µ = 12), what do we know about how øx
behaves for a samplesizeof n = 36? (sampling distribution)

To evaluate evidencein favor of Ha, judgehow ÒunusualÓthe observed
samplemean øx = 11.82 is by where it falls on the sampling distribution of
øx under the null hypothesis.
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For reference, we then computea so-called p-value, which is the
probabil it y of getting a value at least as unusual as the observed
sample mean øx assuming that H0 is true .

# p-value measures evidence against H0
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In the brewery examplemore unusual than øx = 11.82 corresponds to øx
smaller than øx = 11.82 (under H0) and equivalently smaller than
z = $ 2.84.

What is the area to the left of z = $ 2.84

the smallerthe p-value the stronger the evidence is against the null
hypothesis H0 and in favor of Ha! Why? Ñ recall the p-value tells us how
likely it is to obtain a sample mean as extreme as the observed one if the
null hypothesisholds true.

So there is only a 0.23%chanceof observinga samplemean of 11.82
whenH0 : µ = 12 holds true.
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Handout (How to Þndp-values)
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First Summar y of a Hy pothesis Tes t

1 Write H0 and Ha in terms of the parameter µ (the population mean)

2 AssumeH0 is true

3 Find z-score for the samplemean øx from your data

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

5 if data comefrom a population that has a di" erent meanthan the
oneassumed under the null hypothesisH0 we will seea small p-value,
i.e. our data most likely comes from a di" erent population with a
di" erent population mean µ
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How small of a p-value do we need?

Typicallywe will make a decisionto reject H0 by comparing our p-value to
a preselected cut-o" value.

This cut-o" value is called the level of signiÞcance and denoted by " .

common choices: " = 0.05, " = 0.01

So why " = 0.05? What does it imply?

The level of signiÞcancecorresponds to the error rate that we allow
ourselves, saying that in 5% of all decisions we will make the wrong
decision, i.e. reject the null hypothesis H0 whenin fact H0 is true.
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If we chose" = 0.01, we would commit the error only 1% of the times,
but it would be harder to reject the null hypothesis(øx will have to be more
extreme before we can reject H0)
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The choiceof " is somewhat subjective Ñ How much of an error
probability are we willing to accept? This is equivalent to how strong your
evidence against H0 has to be before you are willing to reject H0.

Decision Rule

if p-value ! " , reject H0 in favor of Ha

We say: We havestatistically signiÞcantevidence against H0 and
have reasonto believe in Ha

if p-value > " , fail to reject H0

We say: We do not havesu! cient evidenceagainst H0 and no reason
to believe in Ha
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Example: " = 0.05 (level of signiÞcance)

We say any p-value ! 0.05 is statistically signiÞcant at the 0.05 level.

Example: Suppose p-value=0.03

if " = 0.05:

if " = 0.01:
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A technical & philosophical note:

the decision is always in terms of the null hypothesis H0; we either are
able toÒreject H0Óor we Òfail to reject H0Ó

we never proveneither H0 nor Ha, we just collect evidence against H0.
If we fail to Þndstrong evidenceagainst H0, we will Òstick to H0Ó.
This does not imply that H0 is necessarily true, maybe we just did not
have a su! ciently large samplesize

On the other hand, rejecting H0 in favor of Ha does not guarantee
that Ha is true despitevery strong evidence.

For any given hypothesis test, there is two kind of errors we can commit,
but we alsoa very high chanceof making a correct decision:
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Type I and Type I I err or in Hypo th eses Tes ts
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Handouts (Òz-procedureÓ& Examples)
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Connecti on betwe en confid ence inter vals and tw o-sided
hy potheses tests (p.394/395)

Recall the example of water bottling company

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

Example: Is the bottling processstill on target?

We constructed a 98% CI for µ and obtained

(706.53 ; 709.47)

We concluded intuitively, that this is a good indicator that the processis
not on target any longer. Ñ Was this intuitive decision justiÞed?
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LetÕsseewhat decision we will obtain by conducting the corresponding
hypothesis test:
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Wha t is th e conn ect io n?

A two-sided hypothesistest usinga signiÞcancelevel " and a
(1 $ " ) %100%conÞdenceinterval are equivalent.
That is, a two-sidedhypothesis test

rejects the null hypothesisH0 exactly when the value µ0 falls outside the
corresponding (1 $ " ) %100%conÞdenceinterval
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Pra ctic al versus St ati sti cal Significan ce

Handout
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