
Chapter 9 Hypothesis Tests
Intro

9.11

In this chapter we utilie the Central Whit

follow

Theoren in a different approach than tre did
in Confidmce Interals (chpts).

next
page? We test peaple's claims in a hypotheris Tert:

The Signal, Santa Clarità's Newspaper,
claims that 164% of Santa Claritans

Favor the Death Penalty.

? Perhaps you doubt that claim. So we will
tes t  i t .  Th isThis is called Hypottesis Testing?

? In logic the conditional statement has the
form: " I f then iS

If you wats the grass" then it will be greed
The 18s statement in this conditional is

"you wate the grass" Itiscalled the

hypothesis of the test.

A= hypothesis: water the grass
B= conclusion i will be green,



? We will follect our own sample. but
we will expect. it to very from the claim's r

i n d i n g

We ask the question: Is this descrepent
We see due to sample variablity (01) is
the descopany due to statistical Signiticance?

? Consider the "Gods eye view" if apopulatio
paramele

our sample
28,8

someone's Me actual
claim Is this distance sample

variability" dr "statistical
? In Hyp Testing (HT we assume the clam to begour so place it under the signitican us

unimodal dist

= Statistical Variabili
cont.say instea2 say

we " "we can't disagree"
Clan

orbette.. We fail to reject your claim

= statistical significance
We reject your

claim or say Very likelydoubt Your claim



Big Picture for Hypothesis Testing

In this chapter we test a claim that
someone makes regarding a population
parameter

We question their results and gather our own
daitd to see if out dath supports, or,

not supports, their claim

We treat our analysis like a trial byjur

"Innocent until proven guilty
aSo that means we believe their claim

until we are shoon otherwise.

? If we do have significant deviation
from their claim -we can reject

their claim Equilty beyond a reasonable doubt

If our data is close enough to their clain
we can support the claim with

someconditions:

- We have hormal statistical variati
we say we fail to reject your claim.

'It



? Unlike a tial we can pin a statistical
value to the "deviation" we see between

our datt and the claim.
" This statistical value is called the p-value
"The probability our data could occur gira that your claim is correct

o The y major steps followed in a Hyp. Test

1. State the hypotheses
2. Establish which model to use

3. Do the mechanics (do the math)

4. State the conclusion

their

After we



H o s u m p t i o n s  t o r m e r e n c e

Proportions (z)

One sample Conditions
1. Individuals are independent.
2. Sample is sufficiently large.

Two Groups
1. Groups are independent.
2. Data in each group are independent.

C o n d i t i o n s  t o  b e  m e t . . .

J u s t i f i c a t i o n .
1. SRS and n < 10% of the population.
2. Successes and failures each ? 10.

STEP P

1. (Think about how the data were collected.)
2. Both are SRSs and n < 10% of populations

OR random allocation.
3. Successes and failures each ? 10 for both groups.3. Both samples are sufficiently large.

Means ( t )

One Sample (df = n - 1)
1. Individuals are independent.
2. Population has a Normal model.

1. SRS and n < 10% of the population.
2. Histogram is unimodal and symmetric.*

Matched pairs (df = n - 1)
1. Data are matched.
2. Individuals are independent.
3. Population of differences is Normal.

1. (Think about the design.)
2. SRS and n < 10% OR random allocation.
3. Histogram of differences is unimodal and symmetric.*

o r  n>30
Two independent samples (df from technology)
1. Groups are independent. 1. (Think about the design.)
2. Data in each group are independent. 2. SRSs and n < 10% OR random allocation.

? 3. Both populations are Normal. 3. Both histograms are unimodal and symmetric.*
or both n>30

Distributions/Association (x2)

Goodness of fit (df = # of cells - 1; one variable, one sample compared with population model)
1. Data are counts. 1. (Are they?)
2. Data in sample are independent. 2. SRS and n < 10% of the population.
3. Sample is sufficiently large. 3. All expected counts ? 5.

Homogeneity [df = (r - 1)(c - 1); many groups compared on one variable]
1. Data are counts. 1. (Are they?)
2. Data in groups are independent. 2. SRSs and n < 10% OR random allocation.
3. Groups are sufficiently large. 3. All expected counts ? 5.

Independence [df = (r - 1)(c - 1); sample from one population classified on two variables]
1. Data are counts. 1. (Are they?)
2. Data are independent. 2. SRSs and n < 10% of the population.
3. Sample is sufficiently large. 3. All expected counts ? 5.

Regress ion ( t ,  d f  =  n  -  2)

Association of each quantitative variable (B = 0?)
1. Form of relationship is linear.
2. Errors are independent.
3. Variability of errors is constant.
4. Errors have a Normal model.

1. Scatterplot looks approximately linear.
2. No apparent pattern in residuals plot.
3. Residuals plot has consistent spread.

4. Histogram of residuals is approximately unimodal and
symmetric, or Normal probability plot reasonably
straight.*

2)

(*less critical as n increases)



We now march through the steps
Stating Hypotheres

1 our startinghypothesis is the hull hypoth.

? denoted by Ho
? assumel to be a pop. parameter.

likeM, oSo we use pap. symbology us X, 51

opardilèters: p,M, O

the null hyp. is assumed to be the

status quo. "presently accepted value

o We write down the null hyp. in
the farm Ho i param = hypothesiza

valu.
the claim that

Ho: p=0.64 Santa claritan's
hare a 64%
favor of the
death

penalty.



In we also form the alternative hypothesis

denoted as HA for H13.

? Ha contains the values of the pop-param
that we conside plausible should

we reject the mall hypothes is.
§ what is our criteria for rejection

? There are possible alt. hypotheses.
wethink the Claim States

1 .  H A : pop. param < hypothe sized claim

2. HA: pop. param # hyp, claim.

3. HA: pop. param > hyp. claim
We think the clash if

HA: p 70.64 0.64 is too low ortoohigh

conclude:
o We want to compare our dath to what we
would expect given that Ho is tre.

o We can do this by finding out howmany stater.

our data is from your claim (ak9. the test Stanstic)"Q: How likely is it to get our result your claim, Ho, is true?

vs. the claim         

their



21 Establishing the Model
N (4, 58) orz-table

t-table

"We need to specity the CLammo del to useX'-table
to test the claim, Ho.

? All models requine a set of assumptions,

or conditins, to be valid. (stapo)
We state the condition and what we

think justifies its satisfaction.

* if we cannot meet the conditions
then the resting stops.

? Each test has a name that should be
included in our repsonse (report)

The test for prepartion of Santa Clarition
Who support the death penalty require
a "one -proportin Z-test"
conditions to be met te this test are:

- random izatio
- 10% condition (Not to martel pendent f
- suceess & Failures both large that 10.

to ne the Central Limit Thm.



131 the mechanics

? we penter the actual calculations
to obtain the "test stat ist ic" for
ou r  da ta . mean z-SCon

t-scorescore

? Different Models (tests) have diteent
formulas and different test statistics.

? Use the worksheet and for software
of For the 'p-value method"'

the ultimate goal of the calculation
i s  t o  o b t a n  a "p- value

? The P-value is the probabilly that
the observed: statistic from dur data

could occur assuming the null model,
the claim, is indeed the correct value.

? If the P-value is small enoughthen

we reject the null hyp. (the claim).

The p-value isa conditional probabiling

P-value = I ( our test data could occur your dain

"given that"'

their



131 The mechanics (continved)

E X t  F o rpercentage of sant apatis preteen treading they

? conditions were discussed previously)

?  H o :  p =  0 . 6 4
your sampleclaimof

the
(P-Po pop.

? test statistic: z  = SD

.. SD =1 PoGE pop. prop. of successes
n pop. prop. of failures

sample size

I we use pop. SD vs. SE since we assume the
claim is refering to the population

§ Once these values are calculated we
state that we will use the

N (Z, 5D)

? calculate the z-score for your

2 = 2-70 assume this is known.

we go off to the a-table to get thes
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So we need to dreas un er
choosen distribution in the lett,
t he  n igh t  ta i l s ,  o r  bo th  ta i l s .

which of these configuntions we ob ta in depends

on Haf the hypothes, we are using
t o  t e s t  t h e  c l a i m s

Some Details
choices

M A  P E P .
p-value = area comb.

it both tai ls

MA: papo

_p-value=area

p - v a l v e = a r e a s

Once we have the areas, the p-valve, we
move into the next step...



4 ,

Etest
t rest

State the Conclusion

the conclusion in a hypothers test is
always a statement about the null hyp.'"
fie the claimy validity

? We state either that live reject the mall
-OR-

We sail to reject the null hypotter?
" do not accept"

? s ta te  the  conc lus ion in  contex t .
x-value is

s o  i f  p - v a l u e

XE the providedsignificance eve

p < .

x  v a l u e the demarcatin
of when you
decide that

reject a storably
theclaim s i g n i f i c a n t

Ze Claim fail toP>. rejecte Statistica
Hre chim variatio

Z a

? State that given. the claim is the
then our date is fails to reject theclash

me reject the claim...



d

n

LEX The Flagship Example (V)
Historically (pre 2000) the persentage of

U.S. residents who support stricter sun coital
laws has been 52%. Arecent Gallup Poll

of 1011 pegple showed 4951h favor of
stricter gun constel laws. Assume that
the poll was a random sample.

Q: Test the claim that the proportan of than

favorily stricter laws has changed
0.5'2 by perterny a hyp. test.

(Assume a signiticance level ot x=0.03)

? choose a oneproportion Z-test

1o Rand om sample: (stated

? is the sample 710% of the pop?
ie. is the pop. more than 1071011?

10110 yes!
? 10 successes /10 failures

npo=(1011 052) =1526 infavor > 10
n(l-po) = 011) (0.48) 485 against 710

       stricter      



EXI (cont.)

? Hypotheses

Ho: the pop. proportion remans (@0.52
Who suppet stricter gunlaws.

HA: the propro portin is no longe
at 0.52 kit is either more or lett!

i e .
Ho: Po= 0.52
HA: P. £0.52 ? two-tai lstest

INVA

? u s e  d  =  0 . 0 5  ( r e q u e s t e d )
0.52

?  f o r m u l a s  S D  = 0.52) (0.48) = 0.0157
1011

a p=495/1011=0.4896=0.490

. . z = 0 . 4 9 0 - 0 . 5 20.0157 =-1 .934
0 .  0 2 6 8

0 . 0 2 6 8

-1.934 1.934

? P -  V a l u e  =  0 . 0 5 3 6

ald to gether

So use a

P(z< -1.934) = 0.0268



(Cont.

" our p-value of 0.0536 is âbove the
decided signitizance level of x=0.05

? we tail to reject the claim that U.S.
residence proportion of 0.52 wantig sticts,
gun laws has changed.

conclude:
"There. is insufficiet evidence to

conclude that the proportin
is different than the clain of 52% who

Haver stricter gun laws

@statdisk.com
Analysis ? Hyp-Testing ? I gon One Sample
( Pop. proporti # Claimed 1E kegs.

? sig. x=10.05

? Clarad proparta: p=0.52

? Sample size: n  = 1011
?  s u c c e s s e s ?  X 4 9 5

Evaliate

output pralue: 0.05313 greate thanx=0.05 ? fail breject



0 Alternative the thool: "Critical value
? (13)

method.

? In stead of friding the p.value from
the test statistic I Ztest, Itest?
compire the Ztet (trat) to the
critical values ZI (te) that
are obtained how the tables.

See the last page: look ye,
under the two tail header, 2=0.05
and zoom to the bottom to get ze

?If Ztest > Zel we reject
If Zeat< Ze we fail Xo reject:

? stat disk will, when you click on plot"
show you there vales;

- O R -

Ziest

Based on
our
data

F a i l  t o  r e j e c t

Etet Ze Based on 'x"

Coundata.

-oR- "reject" the hull



E X
In the previous excople the test statisti
Was

7+=-1 .934

From to t-table's bottom line, under
the two-tail header (used for # HA)
in the last live we read

Zcrit =1.960

s i n c e  1 z /  < / z e  w e  f a i l  t o
reject"

§ but it is veyclose... go get a few
more data to reassess?

#: =-1.934

7=1.96 7c=11.96

I see lastpage for
these values



EX (Cont.)

s ta td i sk .com :
Analus ? H. Test ? prop'n One-saple

I  pop + clained
? sigx = 0 . 0 5
a clashed: 0.52
? ?  = 1011)

495)

(E valiste)

p l o t

+1.96

Ztest =1.934

Zt lies within -Ec<Z<+Ze so
"Fail to reject"

Analysis:
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TABLE A-3

Degrees of
Freedom

1

9

1 0
1 1
1 2
1 3
1 4
1 5

1 6
1 7

1 8
1 9

2 0
2 1
2 2

2 3
2 4

2 5
2 6

2 7
2 8
2 9

3 0
3 1
3 2
3 4
3 6

3 8

4 0
4 5
5 0
5 5

6 0
6 5

7 0
7 5

8 0
9 0

1 0 0
200

3 0 0

4 0 0
5 0 0
7 5 0

1 0 0 0
2 0 0 0

L a r g e

Z c

t Distribution: Critical t Values

0.005

0.01

63.657
9.925
5.841
4.604
4.032
3.707
3.499

3.355
3.250
3.169
3.106
3.055
3.012
2.977
2.947
2.921
2.898
2.878
2.861
2.845
2.831
2.819
2.807
2.797
2.787
2.779
2.771
2.763
2.756
2.750
2.744
2.738
2.728
2.719
2.712

2 . 7 0 4
2 . 6 9 0
2 . 6 7 8
2 . 6 6 8

2 .660
2 .654

2 .648
2 .643

2 . 6 3 9

2 . 6 3 2
2 . 6 2 6
2.601

2 . 5 9 2

2 . 5 8 8
2 . 5 8 6
2 . 5 8 2

2 . 5 8 1
2 . 5 7 8
2 . 5 7 6

0.01
A r e a  i n  O n e  T a i l

0 .025 0 . 0 5

0.02

3 1 . 8 2 1

6 . 9 6 5
4.541
3 .747

3 .365
3 .143
2 . 9 9 8

2 . 8 9 6

2 .821
2 .764
2 . 7 1 8

2 . 6 8 1
2 . 6 5 0

2 . 6 2 4
2 . 6 0 2
2 . 5 8 3
2 . 5 6 7
2 .552

2 . 5 3 9
2 . 5 2 8
2 .518

2 . 5 0 8

2 . 5 0 0
2 . 4 9 2

2 . 4 8 5
2 . 4 7 9
2 . 4 7 3
2 . 4 6 7

2 . 4 6 2
2 . 4 5 7
2 . 4 5 3
2 . 4 4 9
2 . 4 4 1

2 . 4 3 4
2 . 4 2 9

2 . 4 2 3
2 . 4 1 2
2 . 4 0 3

2 . 3 9 6
2 . 3 9 0
2 . 3 8 5

2 . 3 8 1
2 . 3 7 7

2 . 3 7 4
2 . 3 6 8
2 . 3 6 4

2 .345

2 . 3 3 9
2 . 3 3 6

2 . 3 3 4
2 . 3 3 1
2 . 3 3 0
2 . 3 2 8
2 . 3 2 6

A r e a  i n  T w o  T a i l s
0 . 0 5

12.706
4 .303

3 .182
2 .776

2.571
2 .447
2 .365

2 .306
2 .262

2 .228
2.201
2 .179

2 . 1 6 0
2 .145

2 .131
2 .120
2 .110
2,101

2.093
2 .086
2 .080

2 .074

2.069
2 . 0 6 4

2 . 0 6 0
2 . 0 5 6
2 . 0 5 2

2 .048
2 .045
2 .042
2 .040
2 . 0 3 7

2 .032
2 .028
2 .024

2 . 0 2 1
2.014

2 . 0 0 9
2 . 0 0 4
2 . 0 0 0

1 . 9 9 7
1 . 9 9 4

1 . 9 9 2
1 . 9 9 0

1 .987
1 . 9 8 4

1 . 9 7 2
1 . 9 6 8

1 . 9 6 6
1 . 9 6 5
1 . 9 6 3
1 . 9 6 2
1 .961

1 . 9 6 0

0 . 1 0

6 . 3 1 4

2 . 9 2 0
2 . 3 5 3
2 .132
2 .015

1 . 9 4 3
1 .895
1 .860
1 .833

1 .812
1 .796

1 .782
1.771
1 .761

1 .753
1 .746

1 .740
1 .734
1 .729

1 .725
1 .721
1 .717
1 .714

1 .711

1 . 7 0 8
1 . 7 0 6
1 .703

1 .701
1 .699
1 .697
1 . 6 9 6

1 . 6 9 4
1 .691
1 . 6 8 8

1 . 6 8 6
1 . 6 8 4
1 . 6 7 9

1 .676
1 .673

1 .671
1 .669

1 . 6 6 7
1 . 6 6 5
1 . 6 6 4

1 . 6 6 2

1 . 6 6 0
1 . 6 5 3

1 . 6 5 0
1 .649

1 . 6 4 8
1 . 6 4 7
1 . 6 4 6
1 . 6 4 6
1 . 6 4 5
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u s e  i f  I  o r
o n e  t a i l  t e s t

0 . 1 0

H .  T e s t

0.20

3 .078
1 .886

1 .638
1 .533
1 . 4 7 6
1 . 4 4 0

1 .415
1 .397
1.383

1 . 3 7 2
1 . 3 6 3
1 . 3 5 6
1 . 3 5 0
1 .345
1 .341
1 .337
1.333

1 .330
1 .328
1 .325

1 .323
1.321
1 .319
1 .318
1.316

1 .315

1 .314
1 .313

1 .311
1 .310
1 . 3 0 9

1 . 3 0 9
1 . 3 0 7
1 . 3 0 6

1 . 3 0 4
1 . 3 0 3
1 .301
1 . 2 9 9

1 . 2 9 7
1 . 2 9 6

1 .295
1 .294

1 .293

1 . 2 9 2

1 .291
1 .290

1 .286
1 . 2 8 4
1 .284

1 .283
1 .283

1 . 2 8 2
1 . 2 8 2
1 . 2 8 2


