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4.12.1 Hypothesis Testing for Mean (One Sample)

One-Sample z-tests

What is a one-sample z-test?

= Aone-sample z-testis used to test the mean (u) of a normally distributed population
= Youuse az-testwhen the population variance (02) is known
= The mean of a sample of size nis calculated X and anormal distribution is used to test the test statistic

. X canbeused as the test statistic

_ 2
= Inthis case youwould use the distributionX"'N(,u, 7)

(02
= Rememberwhen using this distribution that the standard deviationis \/_
n

" Z= — canbeusedasthe test statistic

= Inthis case youwould use the distribution Z ~ N(O, 12)
= Thisis a more old-fashioned approach but your GDC still might tell you the z-value when you

dothetest
= Youwillnot need to use this method in the exam as your GDC should be capable of doing the

other method

What are the steps for performing a one-sample z-test onmy GDC?

= STEP 1. Write the hypotheses
*= Hoip=po
= Clearly state that y represents the population mean
= Lo isthe assumed population mean
= Foraone-tailedtestHy: i <pgorHy:p> o

= Foratwo-tailedtest: Hy: p# o
= The alternative hypothesis will depend on what is being tested

= STEP 2: Enter the datainto your GDC and choose the one-sample z-test
= |fyouhavetherawdata
= Enterthedataasalist
= Enterthevalueofo
= |fyouhave summary statistics

= Enterthevalues of)_(, gandn

= Your GDC will give you the p-value
= STEP 3: Decide whether there is evidence to reject the null hypothesis
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= |fthe p-value <significance level thenreject Hp
= STEP 4: Write your conclusion

= |fyoureject Hg then thereis evidence to suggest that...
= Themeanhas decreased (forHj: u <o)
= Themeanhasincreased (forHy: y> o)
= The meanhaschanged (forHy: y # o)

= |f youaccept Hpthenthereisinsufficient evidence to reject the null hypothesis which suggests

that...

= The meanhasnotdecreased (forH;: <o)
= The meanhasnotincreased (forHy: u> L)
= The meanhasnot changed (forHy: i # o)

How do | find the p-value for a one-sample z-test using a normal distribution?

= Thep-valueis determined by the test statistic X

. ForH1:,u<pothep—va|ueisP<X<)_(|y= '”0)

. ForH1:,u>pothep—va|ueisP<X>)_(|y= '”0)

)_(—uo|>|x—#0|lu=u0)

= X< M, then this can be calculated easier by2 X P(X< x|u= '”0)

» ForHy:p#uothe p-valueis P(

= IfX> M,y then this can be calculated easierby2 X P(X> x|u= ‘uO)

How do | find the critical value and critical region for a one-sample z-test?
= Thecriticalregionis determined by the significance level a%
= ForH:p <pgthe critical regionis X < € where P(X< clu= ﬂo) =a%
= ForH: > g the critical regionis X > € where P(X> clu= uo) =a%

» ForH,: u#ugthe critical regions are X < C1 and X > 02 where

— — 1
< = = > = = —°
P(X c,lu 'uo) P(X ¢, |u '“o) 5 2%
= The critical value(s) can be found using the inverse normal distribution function
= Whenrounding the critical value(s) you should choose:

= The lower bound for the inequalities X < ¢

= The upper bound for the inequalities X > ¢
= Thisis so that the probability does not exceed the significance level
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@ Worked example

The mass of a Burmese cat, C', follows a normal distribution with mean 4.2 kg and a standard deviation
1.3kg. Kamala, a cat breeder, claims that Burmese cats weigh more than the average if they liveina

household which contains young children. To test her claim, Kamala takes arandom sample of 25 cats
that live in households containing young children.

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

Let pm be the population mean for the mag of
Burmee  cats

Ho: p=b.2

T

H: um >l Tw"“ﬂ for an increase

b) Using a 5% level of significance, find the critical region for this test.

The population vanane is known oue a 2-test
Find the distribution of the sample means N()“. 3

A T

B 135\ T~ Square the standard devigtion
C~N (P' 25) *
~__The sample size

[,nh(_al region is C>(_ where P((__>C p=4.2)=0.05

Use inverse normal :
M2

-3
o 29

Chet. FC<e)
Cl‘i’ti(ﬁl I'es'aon E”'I'-63

"

0.26
0.95

C) Kamala calculates the mean of the 25 catsincluded in her sample to be 4.65 kg. Determine the

conclusion of the test.
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Lb5> 4 62%6.. so 465 isin it region

Rejed' Ho o8 fest statistic 1s in aitical region.
There is sufficiett evidene o su%cs’r that
Burmese cats weiah more if they lve in a

howsehdd which containg young children.

For more help, please visit www.exampaperspractice.co.uk
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One-Sample t-tests
What is a one-sample t-test?

= Aone-sample t-testis used to test the mean (i) of a normally distributed population
= Youuse at-test when the population variance (02) is unknown

= Youneedtousetheunbiasedestimateforthepopulationvariance(52 1)
n—

= The mean of asample of size nis calculated X and a t-distribution is used to test it
= t-distributions are similar to normal distributions
= Asthe sample size gets larger the t-distribution tends towards the standard normal
distribution
= Youwon’tbe expected to find the critical value
= The p-value canbe found using the test function onyour GDC

What are the steps for performing a one-sample t-testonmy GDC?

= STEP 1: Write the hypotheses
= Hoip=po
= Clearly state that y represents the population mean
= Lo isthe assumed population mean
= Foraone-tailedtestHy: < pgorHy:p> o
= Foratwo-tailedtest: Hy:p# o
= The alternative hypothesis will depend on what is being tested
= STEP 2: Enter the datainto your GDC and choose the one-sample t-test
= |fyouhavetherawdata
= Enterthedataasalist
= |fyou have summary statistics

= Enterthevaluesof)_(,sn_1(sometimeswrittenassxonaGDC) andn
= Your GDC will give you the p-value
= STEP 3: Decide whetherthere is evidence to reject the null hypothesis
= |f the p-value <significance level thenreject Hp
= STEP 4 Write your conclusion
= |fyoureject Hp then thereis evidence to suggest that...
= The meanhas decreased (forH;: y < o)
= The meanhasincreased (forHj: > o)
= The meanhas changed (forHy: p# o)
= |fyouaccept Hpthenthereisinsufficient evidence to reject the null hypothesis which suggests
that...
= The meanhasnotdecreased (forHs: p <o)
= Themeanhasnotincreased (forHy: > o)
= Themeanhasnot changed (forHy: y# o)
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@ Worked example

The IQ of a student at Calculus High can be modelled as a normal distribution with mean 126. The

headteacher decides to play classical music during lunchtimes and suspects that this has caused a
changeinthe average IQ of the students.

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

Let M be the popu\a’r'\on mean ﬁ)r the 1Q UF a student
ot Caleulue H\gh

Ho: p:126 | |
Hl-' p*ﬁb ﬂxTﬂSﬂﬂS gl)l' (i} chanﬁe

b) The headteacher selects 15 students and asks them to complete an IQ test. The mean score for
the sampleis127.1and the sample variance is 14.7. Calculate the unbiased estimate for the

populationvariance Si _1

Formuh boo\(‘d‘ Unbiosed estimate of . n 2

population variance s, | B a1

2 15
an = W A lh—'%
4
5, * 19.315
c) Calculate the p-value for the test.

The population vanane is wnknown Souwe a t-test
Enter Summary statistics into GDC using one-sample  &-test

X =127 s :J535 015
p* 0.3012...

p* 0.301 (3sf)

d) State whether the headteacher’s suspicionis supported by the test.
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0.302.. >0)

Aueet H, as p-value > significance level
Ther is insufficieat evidence o support the
headteachers suspicion.

For more help, please visit www.exampaperspractice.co.uk
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4.12.2 Hypothesis Testing for Mean (Two Sample)

Two-Sample Tests
What is a two-sample test?

= Atwo-sample testis used to compare the means (u; & U,) of two normally distributed populations

= Youuse az-test when the population variances (G% & G%) are known

= Youuse at-test when the population variances are unknown
= |nthis course you will assume the variances are equal and use a pooled sample for a t-test
= |napooledsample the datafromboth samples are used to estimate the population variance

What are the steps for performing a two-sample test on my GDC?

= STEP 1. Write the hypotheses
* Ho:p=p2
= Clearly state that y; & 2 represent the population means
= Make sure you make it clear which mean corresponds to which population
= |nwords this means that the two population means are equal
= Foraone-tailedtestHy: yy<poorHy:py> pz
= Foratwo-tailed test: Hy: pj# L2
= The alternative hypothesis will depend on what is being tested
= STEP 2: Decideifitis az-test or a t-test
= |fthe populations variances are known then use a z-test
= |fthe populations variances are unknown then use a t-test
= Assume the variances are equal and use a pooled sample
= STEP 3: Enter the datainto your GDC and choose two-sample z-test or two-sample t-test
= |fyouhavetherawdata
= Enterthe dataasalist
= Enterthevalues of 0;& 0y if a z-test
= Choose the pooledoptionif at-test
= [fyou have summary statistics (only for az-test)

= Enterthevalues of}1 , }2 ,01,02,N &nN>o

= Your GDC will give you the p-value
= STEP 4. Decide whether there is evidence to reject the null hypothesis
= |fthe p-value <significance level thenreject Hp
= STEP 5: Write your conclusion
= |fyoureject Ho thenthereis evidence to suggest that...
= The mean of the 18! population is smaller (for Hy: g < o)
= The mean of the 1! populationis bigger (forHy: p1> o)
= The means of the two populations are different (for Hy: p1# o)
= |fyouacceptHgthenthereisinsufficient evidence to reject the null hypothesis which suggests
that...
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= The mean of the 18t populationis not smaller (for Hy: py < ti2)
= The mean of the 15t populationis not bigger (for Hy: p> )
= The means of the two populations are not different (forH :py #pu )
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@ Worked example

The times (in minutes) for children and adults to complete a puzzle are recorded below.

The creator of the puzzle claims children are generally faster at solving the puzzle than adults. A t-testis

children]3.112.713.51 3.1]2.913.2]3.0}2.9

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

to be performed at a1% significance level.

a)

Write down the null and alternative hypotheses.
Let Me be the pogulation mean for children’s times
ond M, be the populcﬁion mean for adults’ fimes

HO: M © Ma

N, A (»ﬁ | s daimed thet children o quicker

Find the p-value for this test.

Enter the dofa as two lisks in GDC
Use 2-samp\e poo|€d t-test
p= 0.004259..

p=0.00%26 (3sP

State whether the creator’s claimis supported by the test. Give areason for your answer.
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0.00326 < 0.0}

Rejedt Ho o5 p-value < significance level
There is sufficiert evidene + sugqest thet
children are generally foster at sohing the
puzk than odults. This  suppors the  Crator'

(..\mm.

For more help, please visit www.exampaperspractice.co.uk
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Paired t-tests
What s a paired t-test?

= Apairedtestiswhere you take two samples but each data point from one sample can be paired with
adata point from the other sample
= These are used when one group of members are used twice and the two results foreach member
are paired
= |tcouldbe tocompare the sample before and afterintroducing a new factor
= |tcould be to compare the sample under two different conditions
= Forthistestyouuse the differences between the pairs and treat them as one sample
= Asthevariance of the differences is unlikely to be known you will use a t-test
= Forapairedtest youneedto assume the differences are normally distributed
= Youdon’tneedtoassume the populations are normally distributed

What are the steps for performing a paired t-test on my GDC?

= STEP 1: Write the hypotheses
u HoZ,LID=O
= Clearly state that yp represents the population mean of the differences
= |Inwords this means the population mean has not changed
= Foraone-tailedtestH;:yp<OorH;:up>0
= Foratwo-tailedtest:Hy:yp#0
= The alternative hypothesis will depend on what is being tested
= STEP 2: Enter the datainto your GDC and choose the one-sample t-test
= Enterthe differencesasalist
= Be consistent with the orderin which you subtract paired values
= Your GDC will give you the p-value
STEP 3: Decide whetherthere is evidence to reject the null hypothesis
= |fthe p-value <significance level thenreject Hp
= STEP 4: Write your conclusion
= [fyoureject Hg thenthereis evidence to suggest that...
= Themeanhas decreased (forHj: pup < 0)
= The meanhasincreased (forH;: yp> 0)
= The meanhaschanged (forHy: up#0)
= |fyouacceptHgthenthereisinsufficient evidence to reject the null which suggests that...
= The meanhasnotdecreased (forH;: p<0)
= The meanhasnotincreased (forHs: up> O)
= The meanhasnotchanged (forHj: up#0)
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@ Worked example

Ina school all students must study French and Spanish. 9 students are selected and complete a testin
both subjects, the standardised scores are shown below

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

The headteacher wants to investigate whether there is a difference in the students’ scores between
the two subjects. A paired t-testis to be performed at a 10% significance level.

a) Write down the null and alternative hypotheses.

let D be the Frendh soe minus the Spanish sore for
the students. Let p, be e mean differnie for the whole
population of  students

H . p* 0
0 F P H""TE.S’I'IHS 'Por o d\#eren(e in Stores
H: p+0

b) Find the p-value for this test.

Calculate the difference for each student d=Freach = Spanish

Student | ! 12 3 & 5|6 F|8% 14
d 13 3-6 1% 4% -10-F -0 -4

Enter the differences into the GDC and wse a t-test
P:O. 245%...
p: 0.296 (3sf)
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c) Write down the conclusion to the test. Give areason for your answer.

0.245%..> 0.

Autpf Ho as p-\fa|ue > s‘;an‘ihmntz level
“\em is insufficent evidence o Su%e.si that
there is a diﬁereme in  scores.

For more help, please visit www.exampaperspractice.co.uk
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4.12.3 Binomial Hypothesis Testing

Binomial Hypothesis Testing

What is a hypothesis test using a binomial distribution?
= You canuse a binomial distribution to test whether the proportion of a population with a specified

characteristic hasincreased or decreased

= These tests will always be one-tailed
= Youwillnot be expected to perform a two-tailed hypothesis test with the binomial distribution

= Asample willbe taken and the test statistic x will be the number of members with the characteristic

which will be tested using the distribution X ~ B(H, p)
= This canbe thought of as the number of successes

What are the steps for a hypothesis test of a binomial proportion?

= STEP 1: Write the hypotheses

= Ho:p=po
= Clearly state that p represents the population proportion

= poisthe assumed population proportion
* Hiip<poorHi:p>po
= STEP 2: Calculate the p-value or find the critical region

= Seebelow
= STEP 3: Decide whether there is evidence to reject the null hypothesis

If the p-value < significance level thenreject Hg
If the test statisticisin the critical region thenreject Hg

= STEP 4: Write your conclusion
If youreject Hp then thereis evidence to suggest that...

= The population proportion has decreased (forHy: p <po)

= The population proportionhasincreased (forHy: p > po)
If you accept Ho then there is insufficient evidence to reject the null hypothesis which suggests

that...
= The population proportion has not decreased (forHy: p <po)

= The population proportionhas notincreased (forHy: p > po)

How do I calculate the p-value?

= The p-valueis determined by the test statistic x
= The p-valueisthe probability that ‘a value being at least as extreme as the test statistic’ would occur if

null hypothesis were true
s ForHy: p <pothe p-valueis P(X < x|p =p0)

= ForHj:p>pothep-valueis P(XZle =p0)

How do | find the critical value and critical region?
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The critical value and critical region are determined by the significance level a%

Your calculator might have aninverse binomial function that works just like the inverse normal function
= Youneedtouse thisvalue to find the critical value
= Thevalue given by the inverse binomial function is normally one away from the actual critical value

ForHj: p <pothe critical region is X < ¢ where cis the critical value
» cisthelargestintegersuch that P(XS clp =p0) <a%

= CheckthatP(X < c+1 |p=p0) >a%

ForHj: p > pothe critical region is X > ¢ where cis the critical value
= cisthe smallestintegersuchthat P(X > c|p =po) <a%

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

The existing treatment for a disease is known to be effective in 85% of cases. Dr Sabir develops a new
treatment which she claims is more effective than the existing one. To test her claim she uses the new

treatment on arandom sample of 60 patients with the disease and finds that the treatment was
effective for 57 of them.

a) State null and alternative hypotheses to test Dr Sabir’s claim.

Lt p be the proportion of the popu]ohon for which the new
treatment is effective.

H,: p:085 T ;
estin T an increase
H,: p;O./S? 3
b) Perform the test using a 1% significance level. Clearly state the conclusion in context.

Let X~B(60,p) be the number of people in the sample
[’Dr which the new treagtmeat 1s effecﬁvg

Find the p-value and compare fo the significance level
p = P(X>5%p-085) - 0.01433.. > 0.0]

Adept H, as p-value > S'ian'l"ltan(e level
Thm. is insufficent evidence t Su%es)f that
the new treatment is more effective than the

existing treatment.
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4.12.4 Poisson Hypothesis Testing

Poisson Hypothesis Testing

What is a hypothesis test using a Poisson distribution?
= Youcanuse aPoissondistribution to test whether the mean number of occurrences for a given time

period within a population hasincreased or decreased

= These tests will always be one-tailed
= Youwillnot be expected to perform a two-tailed hypothesis test with the Poisson distribution

= Asample willbe taken and the test statistic x will be the number of occurrences which will be tested
using the distribution X ~ Po(m)

What are the steps for a hypothesis test of a Poisson proportion?

= STEP 1: Write the hypotheses

u Ho Mm=Mmo
= Clearly state that mrepresents the mean number of occurrences for the given time period

= mopisthe assumed mean number of occurrences
= You might have to use proportion to find mop

= Hi:m<mgporH;::m>mg
= STEP 2: Calculate the p-value or find the critical region

= Seebelow
= STEP 3: Decide whether there is evidence to reject the null hypothesis

If the p-value < significance level thenreject Hg
If the test statisticisin the critical region thenreject Hg

.
= STEP 4 Write your conclusion
If youreject Hp then thereis evidence to suggest that...
= The meannumber of occurrences has decreased (for Hy: m <mg)
= The meannumber of occurrences hasincreased (for Hi: m> mo)
If you accept Ho then there is insufficient evidence to reject the null hypothesis which suggests

that...
= The mean number of occurrences has not decreased (for Hy: m < mq)

= The meannumber of occurrences has notincreased (for Hy:m > mg)

How do I calculate the p-value?

= The p-valueis determined by the test statistic x
= The p-valueisthe probability that ‘a value being at least as extreme as the test statistic’ would occur if

null hypothesis were true
» ForH;:m<mgthe p-valueis P(X <x|m= mo)

= ForHj;:m> mothe p-valueis P(XZX|m= mo)

How do | find the critical value and critical region?
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The critical value and critical region are determined by the significance level a%

Your calculator might have aninverse Poisson function that works just like the inverse normal function
= Youneedtouse thisvalue to find the critical value
= Thevalue given by the inverse Poisson functionis normally one away from the actual critical value

For Hy: m <mqthe critical region is X < ¢ where cis the critical value
= cisthelargestintegersuchthat P(XS c|m = mo) <a%

« CheckthatP(X < c+1|m= mo) >a%

ForHy: m>mqthe critical region is X > Cc where cis the critical value
« cisthe smallestinteger such that P(X > clm= mo) <a%

= CheckthatP(X>c—1|m= mo) > a%
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@ Worked example

The owner of a website claims that his website receives an average of 120 hits per hour. Aninterested
purchaser believes the website receives on average fewer hits than they claim. The owner chooses a
10-minute period and observes that the website receives 11 hits. Itis assumed that the number of hits
the website receivesin any given time period follows a Poisson Distribution.

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

let m be the mean number of hits in a |D-minute period
|20 hits in gn hour = 20 his in o [0-minute period

H,: m=20
/“\Teshns for fewer hits
H: m<20
b) Find the critical region for a hypothesis test at the 5% significance level.

let X~ Po(m) be the number of hits in a 0- minde penod
The itical valie ¢ is the largest value such that

P(X ¢c | m=20) ¢ 0.05

You an use the inverse Poisson Tundion on the GDC 1o

deide which value 1o check first

P(X<13|m=20) = 0.066].. >0.05 Too big reduce the region
P(X <12 |m=20) - 0.0390.. < 0.05

(rticd region X<¢12

c) Perform the test using a 5% significance level. Clearly state the conclusionin context.
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N<2 so Il is inthe gitical region
Rejed Ho o8 test statistic s in itical region.
Thee is sufficiet evidenee o su%csf thet

the website receives on averoge fewer hits than
‘H\&a daim.

For more help, please visit www.exampaperspractice.co.uk
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4.12.5 Hypothesis Testing for Correlation

Hypothesis Testing for Correlation

What is a hypothesis test for correlation?
= Youcanuse at-testto test whetherthereis linear correlation between two normally distributed

variables
If specifically testing for positive (or negative) linear correlation then a one-tailed testis used

n
If testing for any linear correlation then a two-tailed testis used

= Asample willbe taken and the raw data will be given
= Youmight be asked to calculate the PMCC (Pearson's product-moment correlation coefficient)

What are the steps for a hypothesis test for correlation?

= STEP 1. Write the hypotheses
= Ho:ip= 0
= Clearly state that p represents population correlation coefficient between the two variables

In words this means there is no correlation

= Hy:p<O,Hy:p>0orHyip#0
STEP 2: Calculate the p-value orthe PMCC
Choose a t-test forlinearregression
= Enterthe dataastwolistsinto GDC
= STEP 3: Decide whetherthere is evidence to reject the null hypothesis

If the p-value < significance level thenreject Hg
If the absolute value of the PMCC is bigger than the absolute value of the critical value thenreject

Ho
If you are expected to use the PMCC you will be given the critical value in the exam

= STEP 4 Write your conclusion
= |fyoureject Hg thenthereis evidence to suggest that...
= Thereisanegativelinear correlation between the two variables (forH;: p < O)

= Thereis apositive linear correlation between the two variables (for Hy: p > 0)

= Thereisalinear correlation between the two variables (forHy: p # O)
= |fyouacceptHgthenthereisinsufficient evidence to reject the null hypothesis which suggests
that...

= Thereisnotanegative linear correlation between the two variables (forH;: p < O)
= Thereisnotapositive linear correlation between the two variables (for Hy: p > 0)

= Thereisnotalinear correlation between the two variables (forHy: p # 0)
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@ Worked example

Jessicawants to test whether thereis any linear correlation between the distance she runsin a day, d

km, and the amount of sleep she has the night after herrun, £ hours. Over the period of amonth she
takes arandom sample of 9 days, the results are recorded in the table.

Distance (dkm)| 1.2 | 23|15 13|25 1819 |20] 11

Sleep(thours) | 79 | 81|76 | 73| 81 84] 78| 79|68

a) Write down null and alternative hypotheses that Jessica can use for her test.
Let P be the (omelation we“iaen’r between jwmi
distonces ond the hows of sleep she qets.

Hy: p: 0
1T
H :p#0 Tcshna for any linear  correlation

b) Perform the hypothesis test forlinear correlation using a 5% significance level. Clearly state
your conclusion.

TE\P‘?- the data in GDC and seled o t-test for linear regression
>+ 0.03633. < 0,05

Reject H, as p-value « sigmicance level
There is sufficient evidence o suggest that
there is a linear omelation between the distance
that Jessia runs and the hours she sleeps.
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4.12.6 Type |l & Type ll Errors

Type | & Typell Errors
What are Type | & Type ll errors?

= There are four possible outcomes of a hypothesis test:
= Hjisfalse and Hgisrejected
= HgistrueandHgis notrejected
= Thetestisaccurate forthese two outcomes
= Hgistrue andHpisrejected
= Hyisfalse and Hyis notrejected
= Thetesthasledtoanerrorforthese two outcomes
= ATypelerroroccurs when a hypothesis test gives sufficient evidence to reject Hy despite it being
true
= Thisis sometimes called a “false positive”
= |nacourtcase thiswould be when the defendantis found guilty despite being innocent
= ATypellerroriswhenahypothesis test gives insufficient evidence to reject Hy despite it being false
= Thisis sometimes called a “false negative”
= |nacourtcase thiswould be when the defendant is found innocent despite being guilty

How do | find the probabilities of a Type | or Type Il error occurring?

= Youshould calculate the probability of errors occurring before a sample is taken
= The probabilities are determined by the critical region
= Equallyitis determined by the significance level a%
= Criticalregions are determined such that:
= They keep the probability of a Typel error less than or equal to the significance level
= They maximise the probability of a Type | error
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= The probability of a Typel error occurring is equal to the probability of being in the critical regionif Hg
were true
= P(Typelerror) = P(being in the critical region | Hg is true)
= Foracontinuous distribution (normal, t, x2)
= P(Typelerror)=a%
»  Foradiscrete distribution (binomial, Poisson)
= P(Typelerror)<a%
= The probability of a Typell error occurring is equal to the probability of not being in the critical region
given the actual value of the population parameter
= P(Typellerror) = P(not being in critical region | actual population parameter)
= Youneed to know the actual population parameterin order to find the probability of a Type Il error
= Once asample has beentakenyou can determine which error could have occurred
= |fyourejected Hpothenyou could have made a Typel error
= |f youaccepted Hgthenyou could have made a Type Il error

Canlreduce the probabilities of making a Type | or Type Il error?

= You canreduce the probability of a Type | error by reducing the significance level
= However this willincrease the probability of a Type Il error

= You canreduce the probability of a Type Il error by increasing the significance level
= However this willincrease the probability of a Type | error

= The only way to reduce both probabilities is by increasing the size of the sample
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@ Worked example

Lucy can hit the target 70% of the time when she throws an axe with herright hand. She claims that the
proportion, p, of her throws that hit the targetis higher than 70% when she uses her left hand. Lucy

uses the hypotheses H0 : p=0.7 and H0 : p>0.7 totestherclaim. Lucy makes 100 throws and

will reject the null hypothesis if the axe hits the target more than 77 times.

a) find the probability of a Type | error.

Let X~ B(IUD,p) be the number of times Lu% hits the
1’ar3ef when using her left hand.
P(Tldpe L cn‘or)= F(bema in ¢ritical region | H, is h'ue)

P(Tgpe I Error)‘P(X>H P‘O‘})
- P(38<X<100]p-03)
= 0.04336..

P(Tﬂpe I error) = 0.04F9 (3s#)

b) Giventhat Lucy actually hits the target 80% of the time with herleft hand, find the probability of
aTypellerror.

P(Type 1T error) =P(not bema in uitical region [true. popultion porameer)
?(Tgpg 1 error) =P(x:‘ 1 p=0.3)

:P[O-‘ X¢H .p=0.3)

= 0.2610..

P(Type IT ermor) = 0.26] (3sF)
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