m Statistics

Class Notes
Hypothesis Tests for Population Proportions (Section 10.2)

N In 2001, 38% of adults with cl:uldren under the age of 18 reported that their family ate dinner
together seven mghts a week. Has thls percentage gone down since 20017
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Lipitor (a cholesterol lowermg drug) caused 2.2% of patients in a clinical trial to develop flu-
Tike symptoms . Other cholesterol lowermg drugs report that 1 9% _of their patients develop flu-
'l1ke symptoms. Is there ev1dence that Llpltor causes thlS reactlon more than the competmon?

e e v e e e e S ke
St — e S ol x i ————

We want to test whe _‘ger some pmportlon has ehanged over time or differs dramatically from
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nother proportion. We will use hypothesw tests that were introduced in the previous section.
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he sample proportion, denoted by p,is givenby p= x where x is
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the number of individuals in the sample (of size n) that share some charactensnc The mean of
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the samp samplmg dlStI‘lbu'[lOD.Of p 1s The standard deviation of the sampling dlStl'IbutIOIl of

“Recall: Definition'
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The statlstlcs we do here i is ba based on the fact that the sample Eroportlon is normally distributed.
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@the shape of the samplmg distribution of pis approxnnately normal if np(l p) =10,
®

@. ‘the sample is a simple random sample, and

(f\ tthe sampled values are independent of each other (or n< OSN Y
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If we sample adults with children under the age of 18 today and we find that 34% report eatlng
dinner together Sevlen mghtus_afg‘mek is this evidence that the pogui';rzoﬂn itself has e: experienced a
deereaSe in this pereehtage from 2001‘? Or maybe the sample we took just, happened togiveusa
Tower dumber? If we assume the populatlon still eats dinner together ata rate of 38%u(as was
reported_ij:_l 2001) but find the sample that got 34% to be unusual, we can conclude s?\;ne

certamty that the ‘population percentage actually has decreased.
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We will investigate two methods of performmg hypothesm tests. We wﬂl look at the Classical
V) approach and the -value agproach
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lRioaLDefinition: Statistically significant: When observed results are unlikely under the *’: w,
assumption that the null h hypothesis is true, we say the res_tgt is statlstxcally s1gmﬁcant The ‘
sample result was so far from the assumed parameter’s value that the difference is Szgngf‘ cant

enough for us to say the assumption (about the population’s parameter) was likely wrong, V When

results are found to be statlstlcally mgmﬁcant, we re;ect the [lllll hypothesm
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% ! The Classical Approach:

We will say that the sample evidence is statistically significant (or sufficient) if the sample
propomon is too many standard deviations away from the assumed population proportion.
Agam this would indicate it was unhkely assummg the null hypothems

Summary of the Classmal Approach

Remember we first verify the following.

( "1.)the sample is a simple random sample, ©
(’i{ np,(1—p,) =10 where n is the sample size, and

e sampled values are independent of each other (or n<.05N).

@Detemﬁne the null and alternative hypotheses. The hypotheses can be structured in one i_}
of three ways:
1. Equal versus not equal hypothesis (two-tailed test)
Ho:p = pa
Hi:p+# po
2. Equal versus less than (left-tailed test)
Ho:p = po
Hi:p< po
3. Equal versus greater than (right-tailed test)
Ho:p = po
Hi:p> po
s
"/Step 2 3 Select a level of 51gmﬁcance a, dependmg on the seriousness of making a Type I error
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(continued on next page)
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Classical Approach (continued): :
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deviation on the bottom of this z-score. Use Table V to dete/ fmine the cntlcal value based on d.

below If zo 1is in the critical region, you reject the null hy; hypothesw. #

. - it e .
Hypothesis Testing Critical Values )
Level of significance, o Left-tailed RJght-talled Two-tailed

0.10 (10%) _ —-1.28 1.28 T X1.645

0.05 (5%) —1.645 - 1.645 +1.96

0.025 (2.5%) C —1.96 ) 1.96 +2.24

0.01 (1%) —2.33 2.33 | +2.575

tate the conclusion. Either we say “There is sufficient evidence to conclude that the .

populat:lon parameter is as it’s stated in the alternative hypothesis.” (This is a rejection of the null
hypothems ) or “There is not sufficient ewdg;;gg,,’ggaconclude that the population parameter_ %g as
it’s stated in the a altematwe hypothesis.” (Here, we did not reject the null hypothesis.)
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1rst deterrmne tbe null and alternative hypotheses. Label them as Ho and Hi.

ﬁ"’fP;Z,ZZ ( Lft —ailed)

Alssume tl‘k(the sample is a simple random sample and that the sample size is less than 5%

{ vﬂ}e_populatlﬂg/sme Also, verify thar@p(l p)>10 @usmg n=300and p=0.38.
np (I’P> _ Z’Cm(@. Mée:)(:&z e@ 30, 68 = IO

@Calculate/r?_ p_(c;Q by using/ n 300 ‘and p=0.38. Also, we lcnow thd &__ﬂj__.,—yf

.

,l 32062 il e
7% = a;%fo u;{ ,@zg/ /L{T},@ng

@ ind the number of standard deviations below the mean that p =34% is. In other words,
ind the z-score for p = 0.34.

Zo = M - 0,34

e will use a level of s1gn1ﬁcancd\o@ 025 (or 2 5%__)11ch gives us a critical value of —1.96.
Pfaw a normal curve w1th zo and this critical value marked. Shade the area under the curve to

fhe left of the critical value, labehng this area as 0. 025 (as in the pictures on the previous page.)
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.)\We will say that the sample evidence is statistically significant if the sample proportion is
.96 or more standard deviations away from the assumed populatlon proportion. Look at your
plcture to see ifit is. Complete the sentences by cnrcllng your chmces

p——

We [reject ¢ e null hypothesis. We [do find ordo not ﬁn@ sufficient evidence
that the true pI‘OpOI'tIOIl of famlhes who cat dinner together seven nights a week has decreased :\\:__/
since 2001. : : )
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f the sample ﬁ‘om the prevmus exampl d.700 respond:n\tg the standard deviation

e

Would have been o= M ~,0.018. Answer the questions that follow. T
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ecalculate the z-score under this condition. Redraw

he normal curve with this value of zo and the critical e
value —1.96 marked. Shade the area under the curve to the €
left of the critical value, labeling it as 0.025.
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We w111 say that the sample evidence is statlstlcally significant if the sample proportron is
T.96 or more standard dew__z__latrons away from the assumed popuiahon proportlon Complete the .

‘sentences by clrc]mg your choices.

6; : We g do not reject] the null hypothesis. Weﬁnd gr do not find] sufficient evidence
- that thetrue proportion of families who eat dinner together seven nights a week has decreased

since 2001.

‘What does this mean?
Again, grvcn sample information that is so far from the assumed populatlon 1nf0rmat10n we
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have two possrble conclusions.
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Onc is that our sample (being random) just happened to differ from the true populatlon that

much

( Or, and this is the one we latch onto, the sample reveals that the assumed population information

is- szely untrue. Remember, we do not conclude this w1th0ut a shadow of a doubt. That is why
we say there is sufficient evidence to .

Because ﬂTéTir'_—eatF the left of 1 96 standard dev1at10ns under the ncrmal curve 1s 0. 025 this_




The P-value Approach: [f
O/
Here, we assume the statement in the null hypothesm is true ancl’g_ﬁnd_ths_mg_baluhty_of_
getting a sample statistic as extreme or more extreme than the one obtained. If this probability is
ismaii we reiect tﬁe null hypoiﬁesns
efinition: A P-value is the probablllty of observing a sample statistic as extreme or more
extreme than the one observed under the assumption that the statement in the null hypothems is
W we compare this P-value to the lelffl oi Swlglil‘ifl(ii_lilfe g, di dlscussed in the previous
section, to see if it is “small”. e
/_.__._..
Summary of the P-value Approach:
emember we first verify the following. ©
1. the sample is a simple random sample,
2. np,(1-p,) 210 where n is the sample sizé and
3. the sampled values are mdependent of each other (or n <.05N ). Ve
= Y
Step 1: Determine the null and alternative hypotheses. The hypotheses can be structured in one
of three ways:
1. Equal versus not equal hypothesis (two-tailed test)
Ho:p = po
Hi:p# po
3. Equal versus less than (left-tailed test)
Ho:p = po
Hi:p< po
4. Equal versus greater than (right-tailed test)
Ho:p = po
Hi:p> po
Step 2: Select a level of significance, «, depending on the seriousness of making a Type I error.
Steps 3 and 4 will differ (from the Classical Approach) when we use the P-value Approach.
Step 5 will be the same...
4 .
(continued on next page) LA



/_r% The P-value Approach (continued):
I Step 3: Compute the test statistic z, = _p(_;_pn_) Agam notice we use pa in the standard
- : pd=p) e R R

n

deviation on the bottom of this z-score. T___zs;c Table V to determine the area to the left of zo. The
P-value is then figured, taking these pictures into account.

L dotng Wais by howd .

You could use technology to find the P-v P—value mstead of looklng 1t t up on the table.
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@f the P-value < a, rcject the null hypothesis.

-Step 5: State the conclusion. Either we say “There is sufficient evidence to conclude that the
| '_‘;’)opulation parameter is as its stated in the alternative hypothesis.”” (This is a rejection of the null
hypothesis.) or “There is not sufficient evidence to conclude that the population parameter is as
its stated in the alternative hypothesis.” (Here, we did not reject the null hypothesis.)

More about that P-value:

Let’s take a deeper dive i mto this P-value. Remember that it is the probability (assuming the null
hypothesis is true) that a sample (of the same size) would result in a statistic as severe or more so
as the one from our sample. We compare this to the level of significance a (the probability of

[ =

T€j ectmg the null hypothesis when it’s true). I present this table for your en_l oyment

— F

5 P-value Conclusion
,- P-value >20.10 We do not reject the null hypothesis (at the 10% level). The sample
' evidence is consistent with the null hypothesis.
0.05< P—value<0.10 | There is some evidence against the statement in the null hypothesis.
We would reject it at the 10% but not the 5% level.
0.01< P-value<0.05 | There is moderate evidence against the statement in the null
hypothesis. We would reject it at the 5% but not the 1% level.
0.001< P—value <0.01 | There is strong evidence against the statement in the null
j L hypothesis. We would reject it at the 1% but not the 0.1% level.
\ | P-value £0.001 ) There is very strong evidence against the statement in the null

' \ hypothesis. We would reject it at the 0.1% level.




Technology Instructions (Use only if you know x and » from sample):

Instructions for TI Calculators:
1. Press STAT > TESTS > 5:1-PropZTest.

2. You’ll enter the assumed population proportion from the null hypothesis (po) along with the
values of x and n of the sample. If you do not know the sample size, do not use the calculator.

3. Select the appropriate alternative hypothesis and highlight Calculate, pressing ENTER. The
Draw option will draw the z-curve with the P-value shaded.

4. The (Calculate) output includes the test statistic (z) and the P-value (p) along with the basics
of the test you performed.

Instructions for StatCrunch:
1. Enter raw data in column 1 and label it if available. (Probably not doing this.)

2. Select Stat > Proportion Stats > One Sample > With Summary. Here, you enter the values
of x and »n of the sample followed by the assumed population proportion from the null
hypothesis (p). You will have selected the Hypothesis test for p radio button under Perform.
Select the appropriate alternative hypothesis from the drop-down menu. (If you happened to
enter raw data, you choose With Data here. You’ll tell it which column that data is in and what
is to be thought of as a Success. Then select the appropriate hypothesis test as discussed.) Click
Compute!.

3. The output includes the test statistic (Z-Stat) and the P-value along with the basics of the test
you performed.

, expl 3\Perform this hwo-tallt_a_gl_;cgst using the P-value ApprOach with technology. Follow the
steps outlined on the previous pages Also, El{‘iv?rga)rmal curve for the standard normal
distribution with zo (and its opposite) labeled. That picture shows us the area (of the talls) that is

“equal to the P-value. ‘Be sure to state whether you reject the null hypothesis or not.
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o ( CXPI 4 uppose we are testing the hypothesis Ho p = 0.57 versus Hi: p< 0.57 and we find
& e P-value to be 0. 023 What is your coneluswn 1f e

g ) .t is important that we not make a ‘Type I error 50 the level of mgmﬁc_arloe is set at
a=0. 01‘7 ? Explain.
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@ .the level of significance is setat ¢ = 0.05? Explain.

e ‘”\éj et hocanet pVs

L\
;‘:\
AN
R
L 3

Some Concerns: _

We must be careful when accepting t the results of a hypothesis test. Does it come from a
reputable source? We have seen (in example 2) how a statistically srgmﬁcant result can be
rﬂﬁgﬁgfeawﬁom the data only by increasing the sample size. You can simply change the level of
significance if you do not get a significant result the first time, can’t you? Let’s investigate

f’“\ another statistical shame-on-you tactic called p-hacking.

Defimtlon p-hacking (aka data dredgmg or data snooping): This is the misuse of data _
analysis to find patterns in data that can be presented as statrstlcally significant, This is done by
perforrmng many statrstrcal tests on data but only reportmg on those that are significant.

In 2006! Peter Austm and assomates S: f'/* ubmed. ncbl n]rn nih. ovf 16895820) found some

(P-value = 0.0447) while Sagittarians (born between November 22 and December 21) have a
h'i§]1_er probability of humerus (upper arm bone) frac‘rures (P-value = 0.0123) compared with all

other zodiac 51gus combmed o
e e e e e OO
hey “dlscovered” 72 similar zodiac-related maladies by searching through medical data for
10,674,945 residents of Ontario. Luckily, these statisticians were nof just a bunch of dumbasses

" or shysters. They were studying the testm§ of multiple, non-pres eorﬁed hypotheses and how

I

_they may lead to detecting unplau51b1e associations. They pgf%ﬂ.ﬂﬂﬂ.’h;mulngﬂe&t&but

cherry prcked only 72 to report R

F July 23 and August 221 apparently has an increased probability of gastromtestmal hemor’rhgge

esearchers, so eager to pubhsh (and getting published often depends on if you are reporting
“Statistically significant results)} can often convince themselves that such results are valid. Having
r”'\ ““been alerted to the problem journals are starting to requlre researchers to declare what they will

test and at what 31gn1ﬁcance level before the study is completed. o
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