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Exam Papers Practice

4.12.1Hypothesis Testing for Mean (One Sample)

One-Sample z-tests

Whatisaone-sample z-test?
= Aone-sample z-testis used to test the mean(y) of anormally distributed population

= Youuse aztestwhenthe populationvariance (¢62)is known
= The meanof asample of size nis calculated X and anormal distributionis used to test the test

statistic
u )_(can be used as the test statistic
(1, 2)

= Inthis caseyouwould use the distributionXNN\‘u, ?}
(o2

Rememberwhenusing this distribution that the standard deviationis \/_
n

X—u
canbeused as the test statistic

n 7=

Ja

= |nthis caseyouwould use the distributionZ”N(O, 12)
= Thisisamore old-fashioned approachbut your GDC still might tell you the zvalue when

youdo the test
= Youwillnotneed to use this method inthe exam as your GDC should be capable of doing

the othermethod
What arethe stepsforperformingaone-sample z-testonmyGDC?

= STEP1.Write the hypotheses

* Ho:p=po
= Clearlystate that yrepresents the populationmean

= o isthe assumed populationmean
= Foraone-tailedtestHy:py<poorHy:u>po

= Foratwo-tailed test:Hy:p#po
= The alternative hypothesis willdepend onwhatis being tested

= STEP2:Enterthe datainto yourGDC and choose the one-sample z-test

If youhave the raw data
= Enterthe dataasalist
= Enterthevalue ofo
If youhave summary statistics
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= Enterthevalues of)_(,aandn
= Your GDC will give you the p-value
= STEP 3:Decide whetherthereis evidence to reject the nullhypothesis
= |f the p-value <significance levelthenrejectHg
= STEP4:Write your conclusion
= |fyoureject Ho thenthereis evidence to suggest that...
= Themeanhasdecreased (forHy:pu<po)
= Themeanhasincreased (forHy:pu> o)
= The meanhas changed (forHy:py+#puo)
= |fyouaccept Hpthenthereisinsufficient evidence to reject the null hypothesis which
suggests that...
= Themeanhasnotdecreased (forHy:p<po)
= Themeanhasnotincreased (forHy: > o)
= Themeanhasnotchanged (forHy:p+ o)

Howdo I find the p-value foraone-sample z-test using a normal distribution?

= The p-valueis determined by the test statistic X

= ForHy:p <po the p-value is P(X< )_(|,u = ‘UO)

= ForHy:p>po the p-value is P(X> )_(l,u = /10)

X = | > x = o1 4= 11,

= Ifx < M, thenthis canbe calculated easierby2 X P(X< x|u= ‘uO)

= ForHy:p+#uo the p-valueis P(

. If X > M, thenthis canbe calculated easierby2 X P(X> x|u= uo)

Howdo I find the critical value and criticalregion foraone-sample z-test?
= Thecriticalregionis determined by the significance level a%
= ForHy:p <pg the critical regionis X < c where P(X< c|,u = ,uo) =a%
= ForHy:u>pg the critical regionis X > Cc where P(X> c|,u = ,uo) =a%

= ForHy:p+ug the critical regions are X < c, and X > c, where

_ — 1
P(X< 01|“=”0)=P(X> 02|/"=“0)= 5 a%
= The critical value(s) canbe found using the inverse normal distribution function

= Whenroundingthe critical value(s) youshould choose:

» Thelowerbound fortheinequalities X < ¢
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= Theupperbound forthe inequalities X > ¢
= Thisis so thatthe probabilitydoes not exceed the significance level

O Exam Tip

= Exam questions might specifyamethod foryouto use so practise allmethods (using
GDC, p-values, critical regions)
= |fthe examquestiondoes notspecifyamethod thenuse whichevermethod youwant
= Makeitclearwhichmethod youare using
= Youcanalways use asecond method as awayofcheckingyouranswer
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@ Worked example

The mass of aBurmese cat, C, follows anormal distribution with mean 4.2 kgand astandard
deviation1.3 kg. Kamala,acatbreeder, claims that Burmese cats weighmore than the average if
theylive inahousehold which contains young children. To test herclaim, Kamala takes arandom
sample of 25 cats thatlive inhouseholds containing young children.

a) State the nulland alternative hypotheses to test Kamala’s claim.

let u be the population mean for the mag of

Bu.rmese Cats

Ho: pebe.2

Hl » )ﬁ\TﬁSﬂﬂS {0\' an increase

b) Usinga 5% level of significance, find the criticalregion forthis test.

The  population varane is knoiwn souse @ 2-test.
Find the distribution of the sample means N(/". )

C ~N ( u, 12_3:)/\ Square the standard devigtion
o The sample size

(rtical region i C>c/ where P(C>clp=4.2)=005

use iverse norma|=

yzkl
= | L3
o =G 0.26
¥y 9 P(Z<c, = 0.95
= &.62%6... )
Critical region C>4.63
c) Kamala calculates the meanofthe 25 catsincluded inhersample to be 4.65 kg.Determine

the conclusionof the test.

L 5>k b2t6.. so 4bS isia (ritical region

Rejed Ho as fest statistic 1s in ¢rifical region.
There is sufficiet evidene o Su%cbcs’r that
Burmese cats we‘.ah more if they lve inq

howsehdd which corttaing younq children.
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One-Sample t-tests
Whatisaone-sample t-test?

= Aone-sample t-testis used to test the mean (y) of anormally distributed population
= Youuse at-testwhenthe populationvariance (62)is unknown

= Youneedto use the unbiased estimate forthe populationvariance (Si _ 1)
= The meanof asample ofsize nis calculated X and a t-distributionis used to testit
= t-distributions are similarto normal distributions
= Asthe sample size gets largerthe t-distributiontends towards the standard normal
distribution
= Youwon'tbe expected to find the critical value
= The p-value canbe found using the test functiononyour GDC

What arethe stepsforperformingaone-sample t-testonmyGDC?

= STEP1.Write the hypotheses
» Ho:p=po
= Clearlystate that yrepresents the populationmean
= [ isthe assumed populationmean
= Foraone-tailedtestH;:y<pgorHy:u>pg
= Foratwo-tailed test:Hy:py#pg
= The alternative hypothesis willdepend onwhatis being tested
= STEP2:Enterthe datainto yourGDC and choose the one-sample t-test
= |fyouhave therawdata
= Enterthedataasalist
= |fyouhave summarystatistics

= Enterthevalues of)_(,sn_7(sometimes writtenas s,ona GDC) and n
= Your GDC will give you the p-value
= STEP3:Decide whetherthereis evidence to reject the nullhypothesis
= |fthe p-value <significance levelthenrejectHg
= STEP4:Write yourconclusion
= [fyoureject Hythenthereis evidence to suggestthat...
= Themeanhasdecreased (forHy: <)
= Themeanhasincreased (forH:u> o)
= The meanhas changed (forH;:p#ug)
= |[fyouaccept Hgthenthereisinsufficient evidence to reject the null hypothesis which
suggests that...
= Themeanhasnotdecreased (forHy:py<pug)
= Themeanhasnotincreased (forH;:p>pg)
= The meanhasnotchanged (forH;:u+#ug)
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@ Worked example

The lQ of astudent at Calculus Highcanbe modelled as anormal distribution withmean126.The
headteacherdecides to playclassical music duringlunchtimes and suspects that this has
caused achangeinthe average IQ of the students.

a) State the null and alternative hypotheses to test the headteacher’s suspicion.

Let M be the population mean for the 1Q of a student
at Calculus H\“gh

Ho: p=126
H, M*A@\Tes’nng for o chanﬁe

b) The headteacherselects 15 students and asks themto complete an|Q test. The mean
score forthe sampleis 127.1and the sample variance is 14.7. Calculate the unbiased

estimate forthe populationvariance 2 I
[ —

Unbiased estimate of 2 no o,
&rmu\a bOOklej population variance 52, | S = Sn

v 1S

Bes ™ x 3
2
5., * 19.15
c) Calculate the p-value forthe test.

The population variante 1S unkoown Soue a t-fest
Enter. summary statistics iolo (DC uging  one-sample  t-test

X =123 5, 535 0:15
P=O.30|2...

p=0.301 (3sf)
d) State whetherthe headteacher’s suspicionis supported by the test.
0.302.. >0)

A(Le.pf Ho as p—\la|ue > S\sn}‘i(an(e leve‘,
There is insufficient evidence support the
headteachers suspicion.
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4.12.2 Hypothesis Testing for Mean (Two Sample)

Two-Sample Tests
Whatisatwo-sampletest?

= Atwo-sample testisused to compare the means (u; & ) of two normally distributed
populations

= Youuse az-test whenthe populationvariances (0'% & Gg)are known

= Youuse at-test whenthe populationvariances are unknown
= |nthis course youwillassume the variances are equaland use apooled sample fora t-
test

= |napooledsample the datafromboth samples are used to estimate the population
variance

What arethe stepsforperformingatwo-sampletestonmyGDC?

= STEP1.Write the hypotheses
= Ho:ipm=pz
= Clearlystate that y;& pzrepresent the population means
= Make sure youmake it clearwhichmeancorresponds to which population
= |[nwords this means that the two population means are equal
= Foraone-tailed testHy:pj<psorHyipu;>p2
= Foratwo-tailed test:Hy:u# 2
= The alternative hypothesis willdepend onwhatis being tested
= STEP2:Decideifitis az-testorat-test
= |f the populations variances are knownthenuse a z-test
= |f the populations variances are unknownthenuse a t-test
= Assume the variances are equal and use apooled sample

= STEP 3:Enterthedatainto yourGDC and choose two-sample z-test ortwo-sample t-test
= |fyouhave theraw data

= Enterthe dataas alist
= Enterthevalues of 0;& 0oif a z-test
= Choosethepooledoptionifa t-test
= |f youhave summarystatistics (onlyforaz-test)

= Enterthe values of)_(1 ,)_(2 ,05,02 N1& No

= Your GDC will give you the p-value

= STEP4:Decide whetherthereis evidence to reject the nullhypothesis
= |f the p-value <significance levelthenrejectHg

= STEP 5:Write your conclusion
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= |fyoureject Ho thenthereis evidence to suggest that...
= The meanofthe 15t populationis smaller(forHy:p;<p
= The meanofthe 18t populationis bigger(forHy: > o
= The means of the two populations are different (forHy: p# 2
= |[fyouacceptHpthenthereisinsufficient evidence to reject the null hypothesis which
suggests that...
= The meanofthe 18t populationis notsmaller(forHy:p<p2)
= The meanofthe 18t populationis notbigger(forHy: > o
= The means of the two populations are notdifferent (forHy: p# 2

@ Worked example

The times (inminutes) forchildrenand adults to complete apuzzle are recorded below.

children|3.1]2.7|3.5] 3.1|2.9]3 2|3.0]2.9

Adults |3.1]3.6]3.5]13.6]2.913.6}3.4§3.6}3.7]3.0

The creatorof the puzzle claims children are generallyfasterat solving the puzzle than adults. A t-
testis to be performed ata 1% significance level.

a) Write down the null and alternative hypotheses.
Let u. be the population mean for children’s times
ond M, be the population mean for adults' times

H.,’ M = Ma

M g gﬁq It is claimed that children e quicker

b) Find the p-value forthis test.

Enter the dafa as two lists in aD(

Use 2-samp\e pooled t-test
p= 0.003259..

p= 0.00%26 (3sP

c) State whetherthe creator’s claimis supported by the test. Give areasonforyouranswer.

Page 8 of 22
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

0.00326 < 0.0}

Reedt Ho a3 p-value < 5%3niﬁcance level
There is sufficiet evidene to suggest that
children are generolly foster at solving the
puzzk than odults. This  supports the  tretor’s

dmm.

Paired t-tests

Whatis apaired t-test?

= Apairedtestis where youtake two samples buteachdatapoint fromone sample canbe paired

withadatapoint fromthe other sample
= Theseareused whenone group of members are used twice and the two results foreach

member are paired
= |tcould be to compare the sample before and afterintroducinganew factor
= |tcould be to compare the sample undertwo different conditions
= Forthis testyouuse the differences between the pairs and treat them as one sample
= Asthevariance of the differences is unlikelyto be knownyouwilluse a t-test
= Forapairedtestyouneed to assume the differences are normally distributed
= Youdon'tneed to assume the populations are normally distributed

What arethe steps forperforming a paired t-testonmyGDC?

= STEP1:Write the hypotheses
= Hg:up=0
= Clearlystate that yprepresents the populationmean of the differences
= |Inwords this means the populationmeanhas notchanged
= Foraone-tailed testH;:yp<OorH;:p>0
= Foratwo-tailed test:H;:up#0
= The alternative hypothesis willdepend onwhatis being tested
= STEP 2:Enterthe datainto your GDC and choose the one-sample t-test
= Enterthe differences as alist
= Beconsistentwiththe orderinwhichyousubtract paired values
= Your GDC will give youthe p-value
= STEP 3:Decide whetherthereis evidence to reject the nullhypothesis
= [f the p-value <significance levelthenrejectHg
= STEP4:Write yourconclusion
= [fyoureject Hythenthereis evidence to suggestthat...
= Themeanhas decreased (forH;:up<0)
= Themeanhasincreased (forH;:up>0)
= The meanhas changed (forHy:up#0)
= [fyouaccept Hgthenthereisinsufficient evidence to reject the nullwhichsuggests that...
= Themeanhasnotdecreased (forH;:up<0)
= Themeanhasnotincreased (forHy:up>0)
= The meanhas notchanged (forHy:up#0)
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O Exam Tip

= [fanexamquestionhas two samples withthe same numberof members thenconsider
carefullywhetherit makes sense to do apaired testoratwo sample test
= The examinermight make itlooklike itis a paired test to trick you!

@ Worked example

Inaschoolallstudents muststudyFrenchand Spanish.9 students are selected and complete a
testinbothsubjects, the standardised scores are shownbelow

Student 1 2 3 4 5 6 7 8 9
Frenchscore 61 82 77 80 99 69 75 71 81
Spanishscore 74 79 83 66 95 79 82 81 85

The headteacherwants to investigate whetherthere is adifferenceinthe students’scores
betweenthe two subjects. A paired t-testis to be performed at a1l0% significance level.

a) Write down the null and alternative hypotheses.

let D be the Freadh sore minus the Spanish sore for
the - students. Let My be e menn difference for the whoke
population of  fudents.

H F D*

b) Find the p-value forthis test.
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Calculate the difference for each student d=French - Spanish

Student | ! |23 | & 5|63 |84
d 131306 Ik & -0~} -0t

Enter the differences into the GD( and wse a t-test
P:O. 295%.. .

p: 0.296 (3sf)

c) Write downthe conclusionto the test. Give areasonforyouranswer.

0.245%..> 0.\

Au.epf H,, as p—Volue > Snan'of"nmn(e level
“\ere is insufficent evidence to SM%e.d that

there is o differene in  scores.
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4.12.3 Binomial Hypothesis Testing

Binomial Hypothesis Testing

Whatisahypothesistestusing abinomialdistribution?
= Youcanuse abinomialdistributionto test whetherthe proportionof apopulationwitha

specified characteristic hasincreased ordecreased

= Thesetests willalways be one-tailed
= Youwillnotbe expected to performatwo-tailed hypothesis test with the binomial

distribution
= Asample willbe takenand the test statistic xwill be the number of members withthe

characteristic which will be tested using the distribution X ~ B(H, p)

= This canbethought of as the numberofsuccesses

What arethestepsforahypothesistest of abinomialproportion?

= STEP1.Write the hypotheses

* Ho:p=po
= Clearlystate that prepresents the populationproportion

= ppisthe assumed populationproportion
= Hiip<poorHy:p>po
= STEP 2:Calculate the p-value orfind the criticalregion

= Seebelow
= STEP 3:Decide whetherthereis evidence to reject the nullhypothesis

If the p-value <significance levelthenreject Hp
If the test statistic is inthe criticalregionthenreject Hg

= STEP4:Write yourconclusion
If youreject Hp thenthere is evidence to suggest that...

= The populationproportionhas decreased (forH;: p<po)

= The populationproportionhasincreased (forH;: p> po)
If youaccept Hg thenthere is insufficient evidence to reject the null hypothesis which

suggests that...
= The populationproportionhas notdecreased (forH: p<po)

= The populationproportionhas notincreased (forH;: p> po)

Howdo lcalculate the p-value?

= The p-valueis determined bythe test statistic x
= The p-valueis the probability that ‘avalue being at least as extreme as the test statistic’ would

occurif nullhypothesis were true
= ForHj:p<po the p-value is P(XS le =p0)
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= ForHy:p>pg the p-valueis P(XZle =p0)

Howdo I find the critical value and criticalregion?

= The critical value and critical region are determined by the significance level a%
= Yourcalculatormighthave aninverse binomial functionthat works justlike the inverse normal
function
= Youneed to use this value to find the critical value
= The value givenbythe inverse binomial functionis normally one awayfrom the actual critical
value

= ForHj:p<pg thecriticalregionis X < cwhere cis the critical value
= cisthelargestintegersuchthat P(XS clp =p0) <a%

= Checkthat P(X < C+1|p=p0) > a%

= ForHj:p> pp thecriticalregionis X > cwhere cis the critical value
= cis the smallest integer suchthat P(X > ¢|p =p0) <a%

- CheckthatP(X2c—1|p=p )>a%
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@ Worked example

The existingtreatment foradisease is knownto be effectivein85% of cases. DrSabirdevelops
anew treatment which she claims is more effective than the existingone. To testherclaimshe
uses the new treatment onarandomsample of 60 patients with the disease and finds that the
treatment was effective for57 of them.

a) State nulland alternative hypotheses to test DrSabir’s claim.

Lt pbe the proportion of the populoﬁon for which the new
treatment is effective.

H,: p=085 — |
H‘: P»O./ﬁf)_\ e.shns BE T iehse

b) Performthe testusinga1% significance level.Clearly state the conclusionincontext.

Let X~ B(60,p) be the numberof ~pecpleinthe sample
{;or which the e treatment i effective

Find the p-value and compare 1o the sugnhqcance level

A(Lepf Ho as P—\Ia‘ue > S\sn}h(an(e level.
:“\ere is insufficent evidence to su%e.s’r that
the new treatment is more effective than the

existing treatmert.
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4.12.4 Poisson Hypothesis Testing

Poisson Hypothesis Testing
Whatisahypothesistestusing aPoissondistribution?

= Youcanuse aPoissondistributionto test whetherthe meannumber of occurrences foragiven
time period withinapopulationhas increased ordecreased
= Thesetests willalways be one-tailed
= Youwillnotbe expected to performatwo-tailed hypothesis test withthe Poisson
distribution
= Asample willbe takenand the test statistic xwillbe the number of occurrences which will be

tested usingthe distributionX’\'PO(m)
What arethestepsforahypothesistest of aPoissonproportion?

= STEP1.Write the hypotheses
= Ho:m=mo
= Clearlystate that mrepresents the meannumberof occurrences forthe given time
period
= mpisthe assumed meannumber of occurrences
= Youmighthave to use proportionto find mp
= Hiim<mgorHy:m>mg
= STEP 2:Calculate the p-value orfind the criticalregion
= Seebelow
= STEP 3:Decide whetherthereis evidence to reject the nullhypothesis
= |fthe p-value <significance levelthenrejectHg
= [fthe teststatisticisinthe criticalregionthenrejectHop
= STEP4:Write yourconclusion
= [fyoureject Hgthenthereis evidence to suggest that...
= The meannumberofoccurrences has decreased (forHy;: m<mg)
= The meannumberofoccurrences hasincreased (forH;: m> mg)
= |fyouaccept Hpthenthereisinsufficient evidence to reject the null hypothesis which
suggests that...
= The meannumberofoccurrences hasnotdecreased (forHy:m<mg)
= The meannumberofoccurrences has notincreased (forHy:m> mg)

Howdolcalculate the p-value?

= The p-valueis determined bythe test statistic x
= The p-valueis the probability that ‘avalue being at least as extreme as the test statistic’ would
occurif nullhypothesis were true
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= ForH;:m<mg the p-valueis P(XSle = mo)

= ForH;:m>mg the p-value is P(XZle = mo)

Howdo I find the critical value and criticalregion?

= The critical value and criticalregion are determined by the significance level a%
= Yourcalculatormight have aninverse Poissonfunctionthat works justlike the inverse normal
function

= Youneed to use this value to find the critical value

= Thevalue givenbythe inverse Poissonfunctionis normallyone awayfromthe actual critical
value

= ForH;:m<mg the criticalregionis X < Cwhere cis the critical value
= cisthelargestintegersuchthat P(XS c| m= mo) <a%

« CheckthatP(X<c+1 |m=mo) > a%

= ForHi:m> mg the criticalregionis X = C where cis the critical value

= cisthe smallestinteger suchthat P(XZ C| m= mo) <a%

. CheckthatP(XZ c—1 |m=m0) > a%

O Exam Tip

= |nanexamitis veryimportant to state the time period foryourvariable
= Make sure the meanused inthe nullhypothesisis forthe stated time period
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@ Worked example

The ownerofawebsite claims that his website receives anaverage of 120 hits perhour. An
interested purchaserbelieves the website receives onaverage fewerhits thantheyclaim. The
ownerchooses alO-minute period and observes that the website receives 11hits. Itis assumed
that the numberof hits the website receives inany giventime period follows aPoisson
Distribution.

a) State nulland alternative hypotheses to test the purchaser’s claim.

LeJr m be The mean numher 01[ h‘.’rs in a |0~m‘mu’re period
|20 his in gn hour ® 20 hits in q |0-minute period

H,: m=20
_ ‘/_\TQ.S’('IOS {:or {:ewer hib
b) Find the criticalregionforahypothesis test at the 5% significance level.

let X~ Polm) be the number of b in a I0-minde perioa
The citical valie ¢ is the largest value_such that
P(X ¢c | m=20) < 0.05

You an use the inverse Pisson Function on the GDC 4o

decde which value o check first

P(X'¢ 13 [m=20).= 0.066...>0-05-Too big so reduce the regon
P(X 12 |m=20) = 0.0390.. < 0.05

(riticol region Xsl2

c) Performthe testusinga 5% significance level. Clearly state the conclusionincontext.

N<12 so Il is inthe gitical region
Rejet Ho a3 fest statistic 1s in aritical region.
Thee is sufficient evidene to Su(ﬁcs’f that

the website receives on average fewer hits than
’rhea daim.
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4.12.5Hypothesis Testing for Correlation

Hypothesis Testing for Correlation

Whatisahypothesistestforcorrelation?

= Youcanuse at-test to testwhetherthereislinear correlationbetweentwo normally distributed
variables

If specificallytesting forpositive (ornegative) linearcorrelationthenaone-tailed test is
used

If testingforanylinearcorrelationthenatwo-tailed testis used
= Asample will be taken and the raw data will be given

= Youmightbe asked to calculate the PMCC (Pearson's product-moment correlation
coefficient)

What arethe stepsforahypothesistestforcorrelation?

= STEP1.Write the hypotheses
= Hp:p=0

Clearlystate that prepresents populationcorrelationcoefficient between the two
variables

= |Inwords this means thereis no correlation
= Hy:p<O,Hy:p>00rHi:p#0
= STEP2:Calculate the p-value orthe PMCC
= Chooseat-testforlinearregression
= Enterthe dataas twolistsinto GDC
= STEP 3:Decide whetherthereis evidence to reject the nullhypothesis
= |f the p-value <significance levelthenrejectHg
= |fthe absolute value of the PMCC is biggerthan the absolute value of the critical value then
rejectHop

If youare expected to use the PMCC you will be giventhe critical value in the exam
= STEP4:Write yourconclusion
= |fyoureject Hg thenthereis evidence to suggest that...
= Thereis anegative linearcorrelation betweenthe two variables (forH;: p <0)
= Thereis apositive linearcorrelationbetween the two variables (forH;:p > 0)
= Thereisalinearcorrelationbetweenthe two variables (forH;:p#0)

If youaccept Hg thenthereis insufficient evidence to reject the null hypothesis which
suggests that...

= Thereis notanegativelinearcorrelationbetween the two variables (forHy:p <0)
= Thereisnotapositive linearcorrelationbetweenthe two variables (forHy:p> 0)
= Thereisnotalinearcorrelationbetween the two variables (forHy: p#0)
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@ Worked example

Jessicawants to test whetherthereis anylinearcorrelationbetweenthe distance sherunsina

day, d km, and the amount of sleep she has the night afterherrun, f hours. Overthe period of a
month she takes arandomsample of 9 days, the results arerecorded inthe table.

Distance (d

12 123415 1325118119 120 11
km)

Sleep (thours)| 7.9 | 81|76 |73 8184|7879 )68

a) Write down null and alternative hypotheses that Jessicacanuse forhertest.

let 0 be the (omelation (oefficent between Jessicat
distances and the hours of sleep ~she qefs.

My o 0
» 1T
H :p#0 Teshna for a0y linear ~ correlation

b) Performthe hypothesis testforlinearcorrelationusinga5% significance level.Clearly
state yourconclusion.

T\g\pa the datain GDC and select o t-tegt for linear regression
p=0.03833. < 005

Reject H, as p-value < significance level
There is sufficent evidence o suggest  that
there is o linear (omrelation between the distance
that Jessica runs and the hours she sleeps.
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4.12.6 Type | & Type Il Errors

Type | & Type Il Errors
Whatare Typel & Typellerrors?

= There are fourpossible outcomes of ahypothesis test:
= Hgisfalseand Hgisrejected
= HgistrueandHgisnotrejected
= Thetestis accurate forthese two outcomes
= HgistrueandHgis rejected
= Hgisfalseand Hgpisnotrejected
= Thetesthasledtoanerrorforthese two outcomes
= ATypelerroroccurs whenahypothesis test gives sufficient evidence to reject Hy despite it
beingtrue
= Thisis sometimes called a “false positive”
= |nacourtcase this would be whenthe defendantis found guilty despite beinginnocent
= ATypellerroris whenahypothesis test gives insufficient evidence to reject Hy despite itbeing
false
= Thisis sometimes called a “false negative”
= |nacourtcase this would be whenthe defendantis found innocent despite being guilty

Howdo Ifind the probabilities of a TypelorTypellerroroccurring?

= Youshould calculate the probabilityof errors occurringbefore asample is taken
= The probabilities are determined by the criticalregion
= Equallyitis determined by the significance level a%
= Criticalregions are determined such that:
= Theykeepthe probability of aTypelerrorlessthanorequalto the significance level
= Theymaximise the probability of aTypelerror
= The probabilityofaTypelerroroccurringis equal to the probability of beinginthe criticalregion
if Ho were true
= P(Typelerror) =P(beinginthe criticalregion |Hg is true)
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= Foracontinuous distribution(normal, ¢, x2)
= P(Typelerror)=a%
= Foradiscrete distribution (binomial, Poisson)

= P(Typelerron<a%
= The probabilityofaTypellerroroccurringis equal to the probabilityof not beinginthe critical

regiongiventhe actual value of the population parameter
= P(Typellerror)=P(notbeingincritical region|actual population parameter)
= Youneed to know the actual population parameterinorderto find the probabilityof a Type |l

error
= Onceasample has beentakenyoucandetermine whicherrorcould have occurred
= |fyourejected Hp thenyoucould have made aTypelerror
= [fyouacceptedHpthenyoucould have madeaTypellerror

Canlreducethe probabilities of making aTypelorTypellerror?

= Youcanreduce the probabilityofaTypelerrorbyreducing the significance level
= Howeverthis willincrease the probabilityofaTypellerror
= Youcanreduce the probabilityof aTypellerrorbyincreasing the significance level

= Howeverthis willincrease the probabilityofaTypelerror
= Theonlywaytoreducebothprobabilities is byincreasing the size of the sample

O ExamTip

= |fanexamquestionasks youto find the probabilityofaType lorllerrorthendouble check

thatthe testhas notbeencarried out yet
= The examinercould testyourunderstanding of errors by askingyouto state whicherror

could nothave occurred once the test has been carried out
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@ Worked example

Lucycanhit the target 70% of the time when she throws an axe with herright hand. She claims that
the proportion, p, of herthrows that hit the targetis higherthan70% when she uses herleft hand.

Lucyuses the hypotheses H0 .p= 0.7 and H0 1p> 0.7 to testherclaim. Lucymakes 100

throws and will reject the nullhypothesis if the axe hits the target more than77 times.

a) find the probabilityofaTypelerror.

Le* X“' B(IOO, p) be ’r}\e numher mC +ime5 Lucs hits ﬁ‘e
‘l’arﬂej wl\er\ U\Sma her left hand.
P(Ttépe L crror)= F(bema in crifi cal region | H, is Jrrue)

P(Tgpa I error) 1 P(X >+ ‘ p: 0_})
2 P(:MSXS |00 P:O:l')
= 0.06336..

P(Tape I Crror) - 0.0‘r}uss{') |

b) Giventhat Lucyactuallyhits the target 80% of the time with herleft hand, find the
probabilityofaType llerror.

F(T\jpe I C\‘ror) =P (not be‘ma - et al region [true population paramder)

P(Tgpe 1 error ) P(X<¥3 [p=08)
P(0<X¢H p=0$)
= 0.2610..

P(Type IT emor) = 0.261 (3<F)
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