
4.12 Further Hypothesis Testing



4.12.1 Hypothesis Testing for Mean (One Sample)

One-Sample z-tests

What  is a one-sam ple z-t est ?

A o ne-sample z-test  is used to  test the mean (μ) o f a no rmally distributed  po pulatio n

Yo u use a z-test when the po pulatio n variance (σ² ) is kno wn

The mean o f  a sample  o f siz e n is calculated 
⎯⎯x  and a no rmal distributio n is used to  test the test

statistic

⎯⎯x  can be used as the test statistic

In this case yo u wo uld use the distributio n 
⎯⎯⎯X∼N

⎛
⎜
⎜

⎝

⎞
⎟
⎟

⎠
μ,

σ2
n

Remember when using this distributio n that the standard deviatio n is 
σ
n

z=
⎯⎯x−μ
σ
n

 can be used as the test statistic

In this case yo u wo uld use the distributio n Z∼N(0,12)

This is a mo re o ld-fashio ned appro ach but yo ur GDC still might tell yo u the z-value when

yo u do  the test

Yo u will no t need to  use this metho d in the exam as yo ur GDC sho uld be capable o f do ing

the o ther metho d

What  are t he st eps f or perf orm ing  a one-sam ple z-t est  on m y GDC?

ST EP 1: Write the hypo theses

H : μ = μ
Clearly state that μ represents the po pulatio n mean

μ is the assumed po pulatio n mean

Fo r a o ne-tailed  test H : μ < μ o r H : μ > μ
Fo r a two -tailed  test: H : μ ≠ μ

The alternative hypo thesis will depend o n what is being tested

ST EP 2: Enter the data into  yo ur GDC and cho o se the o ne-sample z-test

If yo u have the raw data

Enter the data as a list

Enter the value o f σ
If yo u have summary statistics

0  0

0  

1 0  1 0

1 0
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Enter the values o f 
⎯⎯x , σ and n

Yo ur GDC will give yo u the p-value

ST EP 3: Decide  whether there is evidence to  reject the null hypo thesis

If the p-value < signi�cance level then reject H

ST EP 4 : Write yo ur co nclusio n

If yo u reject H  then there is  evidence  to  suggest that...

The mean has decreased (fo r H : μ < μ )

The mean has increased (fo r H : μ > μ )

The mean has changed (fo r H : μ ≠ μ )

If yo u accept H then there is insu�cient evidence  to  reject the null hypo thesis which

suggests that...

The mean has no t decreased (fo r H : μ < μ )

The mean has no t increased (fo r H : μ > μ )

The mean has no t changed (fo r H : μ ≠ μ )

How do I �nd t he p-value f or a one-sam ple z-t est  using  a norm al dist ribut ion?

The p-value is determined by the test statistic 
⎯⎯x

Fo r H  : μ < μ  the p-value is P
( )

⎯⎯⎯X< ⎯⎯x |μ=μ0
Fo r H  : μ > μ  the p-value is P

( )

⎯⎯⎯X> ⎯⎯x |μ=μ0
Fo r H  : μ ≠ μ  the p-value is P

( )













⎯⎯⎯X−μ0 >










x−μ0 |μ=μ0
If 
⎯⎯x<μ0  then this can be calculated easier by 2×P

( )

⎯⎯⎯X< ⎯⎯x |μ=μ0
If 
⎯⎯x>μ0  then this can be calculated easier by 2×P

( )

⎯⎯⎯X> ⎯⎯x |μ=μ0
How do I �nd t he crit ical value and crit ical reg ion f or a one-sam ple z-t est ?

The critical regio n is determined by the signi�cance levelα%

Fo r H  : μ < μ  the critical regio n is 
⎯⎯⎯X<c  where P

( )

⎯⎯⎯X<c |μ=μ0 =α%

Fo r H  : μ > μ  the critical regio n is 
⎯⎯⎯X>c  where P

( )

⎯⎯⎯X>c |μ=μ0 =α%

Fo r H  : μ ≠ μ  the critical regio ns are 
⎯⎯⎯X<c1  and 

⎯⎯⎯X>c2  where 

P
( )

⎯⎯⎯X<c1 |μ=μ0 =P( )

⎯⎯⎯X>c2 |μ=μ0 =
1
2 α%

The critical value(s) can be fo und using the inverse no rmal distributio n functio n

When ro unding the critical value(s) yo u sho uld cho o se:

The lo wer bo und  fo r the inequalities 
⎯⎯⎯X<c

0

0

1 0

1 0

1 0

0

1 0

1 0

1 0

1 0

1 0

1 0

1 0

1 0

1 0
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The upper bo und  fo r the inequalities 
⎯⎯⎯X>c

This is so  that the pro bability do es no t exceed the signi�cance level

Exam T ip

Exam questio ns might specify a metho d fo r yo u to  use so  practise all metho ds (using

GDC, p-values, critical regio ns)

If the exam questio n do es no t specify a metho d then use whichever metho d yo u want

Make it clear which metho d yo u are using

Yo u can always use a seco nd metho d as a way o f checking yo ur answer
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a)

b)

c)

Worked example

The mass o f a Burmese cat, C , fo llo ws a no rmal distributio n with mean 4.2 kg and a standard

deviatio n 1.3 kg.  Kamala, a cat breeder, claims that Burmese cats weigh mo re than the average if

they live in a ho useho ld which co ntains yo ung children.  To  test her claim, Kamala takes a rando m

sample o f 25 cats that live in ho useho lds co ntaining yo ung children.

State the null and alternative hypo theses to  test Kamala’s claim.

Using a 5%  level o f signi�cance, �nd the critical regio n fo r this test.

Kamala calculates the mean o f the 25 cats included in her sample to  be 4.65 kg. Determine

the co nclusio n o f the test.
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One-Sample t-tests

What  is a one-sam ple t-t est ?

A o ne-sample t-test  is used to  test the mean (μ) o f a no rmally distributed  po pulatio n

Yo u use a t-test when the po pulatio n variance (σ² ) is unkno wn

Yo u need to  use the unbiased estimate fo r the po pulatio n variance (s
n−1
2 )

The mean o f  a sample  o f siz e n is calculated 
⎯⎯x  and a t-distributio n is used to  test it

t-distributio ns are similar to  no rmal distributio ns

As the sample siz e gets larger the t-distributio n tends to wards the standard no rmal

distributio n

Yo u wo n’t be expected to  �nd the critical value

The p-value can be fo und using the test functio n o n yo ur GDC

What  are t he st eps f or perf orm ing  a one-sam ple t-t est  on m y GDC?

ST EP 1: Write the hypo theses

H : μ = μ
Clearly state that μ represents the po pulatio n mean

μ is the assumed po pulatio n mean

Fo r a o ne-tailed  test H : μ < μ o r H : μ > μ
Fo r a two -tailed  test: H : μ ≠ μ

The alternative hypo thesis will depend o n what is being tested

ST EP 2: Enter the data into  yo ur GDC and cho o se the o ne-sample t-test

If yo u have the raw data

Enter the data as a list

If yo u have summary statistics

Enter the values o f 
⎯⎯x , s  (so metimes written as s o n a GDC)   and n

Yo ur GDC will give yo u the p-value

ST EP 3: Decide  whether there is evidence to  reject the null hypo thesis

If the p-value < signi�cance level then reject H

ST EP 4 : Write yo ur co nclusio n

If yo u reject H  then there is  evidence  to  suggest that...

The mean has decreased (fo r H : μ < μ )

The mean has increased (fo r H : μ > μ )

The mean has changed (fo r H : μ ≠ μ )

If yo u accept H then there is insu�cient evidence  to  reject the null hypo thesis which

suggests that...

The mean has no t decreased (fo r H : μ < μ )

The mean has no t increased (fo r H : μ > μ )

The mean has no t changed (fo r H : μ ≠ μ )

0  0

0  

1 0  1 0

1 0

n-1 x

0

0

1 0

1 0

1 0

0

1 0

1 0

1 0
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a)

b)

c)

Worked example

The IQ o f a student at Calculus High can be mo delled as a no rmal distributio n with mean 126. The

headteacher decides to  play classical music during lunchtimes and suspects that this has

caused a change in the average IQ o f the students.

State the null and alternative hypo theses to  test the headteacher’s suspicio n.

The headteacher selects 15 students and asks them to  co mplete an IQ test.  The mean

sco re fo r the sample is 127.1 and the sample variance is 14.7. Calculate the unbiased

estimate fo r the po pulatio n variance s
n−1
2 .

Calculate the p-value fo r the test.

d) State whether the headteacher’s suspicio n is suppo rted by the test.
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4.12.2 Hypothesis Testing for Mean (Two Sample)

Two-Sample Tests

What  is a t wo-sam ple t est ?

A two -sample test  is used to  co mpare the means (μ & μ ) o f two no rmally distributed

po pulatio ns

Yo u use a z-test  when the po pulatio n variances (σ
1
2  & σ

2
2 ) are kno wn

Yo u use a t-test  when the po pulatio n variances are unkno wn

In this co urse yo u will assume the variances are equal and use a po o led sample fo r a t-

test

In a po o led sample the data fro m bo th samples are used to  estimate the po pulatio n

variance

What  are t he st eps f or perf orm ing  a t wo-sam ple t est  on m y GDC?

ST EP 1: Write the hypo theses

H : μ = μ
Clearly state that μ & μ represent the po pulatio n means

Make sure yo u make it clear which mean co rrespo nds to  which po pulatio n

In wo rds this means that the two  po pulatio n means are equal

Fo r a o ne-tailed  test H : μ <μ o r H : μ >μ
Fo r a two -tailed  test: H : μ  ≠ μ

The alternative hypo thesis will depend o n what is being tested

ST EP 2: Decide if it is a z-test o r a t-test

If the po pulatio ns variances are kno wn then use a z-test

If the po pulatio ns variances are unkno wn then use a t-test

Assume the variances are equal and use a po o led sample

ST EP 3: Enter the data into  yo ur GDC and cho o se two -sample z-test o r two -sample t-test

If yo u have the raw data

Enter the data as a list

Enter the values o f σ & σ  if a z-test

Cho o se the po o led o ptio n if a t-test

If yo u have summary statistics (o nly fo r a z-test)

Enter the values o f 
⎯⎯x1 ,

⎯⎯x2  , σ , σ , n & n

Yo ur GDC will give yo u the p-value

ST EP 4 : Decide  whether there is evidence to  reject the null hypo thesis

If the p-value < signi�cance level then reject H

ST EP 5: Write yo ur co nclusio n

1 2

0  1 2

1 2

1 1 2 1 1 2

1 1 2

1 2

1 2 1 2

0
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If yo u reject H  then there is evidence to  suggest that...

The mean o f the 1  po pulatio n is smaller (fo r H : μ <μ )

The mean o f the 1  po pulatio n is bigger (fo r H : μ >μ )

The means o f the two  po pulatio ns are di�erent (fo r H : μ ≠ μ )

If yo u accept H then there is insu�cient evidence  to  reject the null hypo thesis which

suggests that...

The mean o f the 1  po pulatio n is no t smaller (fo r H : μ <μ )

The mean o f the 1  po pulatio n is no t bigger (fo r H : μ >μ )

The means o f the two  po pulatio ns are no t di�erent (fo r H : μ ≠ μ )

0

st
1 1 2

st
1 1 2

1 1 2

0

st
1 1 2

st
1 1 2

1 1 2

a)

b)

c)

Worked example

The times (in minutes) fo r children and adults to  co mplete a puz z le are reco rded belo w.

Children 3.1 2.7 3.5 3.1 2.9 3.2 3.0 2.9

Adults 3.1 3.6 3.5 3.6 2.9 3.6 3.4 3.6 3.7 3.0

The creato r o f the puz z le claims children are generally faster at so lving the puz z le than adults. A t-

test is to  be perfo rmed at a 1%  signi�cance level.

Write do wn the null and alternative hypo theses.

Find the p-value fo r this test.

State whether the creato r’s claim is suppo rted by the test. Give a reaso n fo r yo ur answer.
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Paired t-tests

What  is a paired t-t est ?

A paired test is where yo u take two  samples  but each data po int f ro m o ne sample can be paired

with a data po int f ro m the o ther sample

These are used when o ne gro up o f members are used twice and the two  results fo r each

member are paired

It co uld be to  co mpare the sample befo re and after intro ducing a new facto r

It co uld be to  co mpare the sample under two  di�erent co nditio ns

Fo r this test yo u use the di�erences between the pairs and treat them as o ne sample

As the variance o f the di�erences is unlikely to  be kno wn yo u will use a t-test

Fo r a paired test yo u need to  assume the di�erences are no rmally distributed

Yo u do n’t need to  assume the po pulatio ns are no rmally distributed

What  are t he st eps f or perf orm ing  a paired t-t est  on m y GDC?

ST EP 1: Write the hypo theses

H : μ = 0

Clearly state that μ represents the po pulatio n mean o f  the di�erences

In wo rds this means the po pulatio n mean has no t changed

Fo r a o ne-tailed  test H : μ < 0 o r H : μ > 0

Fo r a two -tailed  test: H : μ  ≠ 0

The alternative hypo thesis will depend o n what is being tested

ST EP 2: Enter the data into  yo ur GDC and cho o se the o ne-sample t-test

Enter the di�erences as a list

Be co nsistent with the o rder in which yo u subtract paired values

Yo ur GDC will give yo u the p-value

ST EP 3: Decide  whether there is evidence to  reject the null hypo thesis

If the p-value < signi�cance level then reject H

ST EP 4 : Write yo ur co nclusio n

If yo u reject H  then there is evidence to  suggest that...

The mean has decreased (fo r H : μ < 0)

The mean has increased (fo r H : μ > 0)

The mean has changed (fo r H : μ ≠ 0)

If yo u accept H then there is insu�cient evidence  to  reject the null which suggests that...

The mean has no t decreased (fo r H : μ < 0)

The mean has no t increased (fo r H : μ > 0)

The mean has no t changed (fo r H : μ ≠ 0)

0  D 

D

1 D 1 D

1 D

0

0

1 D

1 D

1 D

0

1 D

1 D

1 D
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Exam T ip

If an exam questio n has two  samples with the same number o f members then co nsider

carefully whether it makes sense to  do  a paired test o r a two  sample test

The examiner might make it lo o k like it is a paired test to  trick yo u!

a)

b)

Worked example

In a scho o l all students must study French and Spanish. 9 students are selected and co mplete a

test in bo th subjects, the standardised sco res are sho wn belo w

Student 1 2 3 4 5 6 7 8 9

French sco re 61 82 77 80 99 69 75 71 81

Spanish sco re 74 79 83 66 95 79 82 81 85

The headteacher wants to  investigate whether there is a di�erence in the students’ sco res

between the two  subjects. A paired t-test is to  be perfo rmed at a 10%  signi�cance level.

Write do wn the null and alternative hypo theses.

Find the p-value fo r this test.
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c) Write do wn the co nclusio n to  the test. Give a reaso n fo r yo ur answer.
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4.12.3 Binomial Hypothesis Testing

Binomial Hypothesis Testing

What  is a hypot hesis t est  using  a binom ial dist ribut ion?

Yo u can use a bino mial distributio n to  test whether the pro po rtio n o f a po pulatio n with a

speci�ed characteristic has increased  o r decreased

These tests will always be o ne-tailed

Yo u will no t be expected to  perfo rm a two -tailed hypo thesis test with the bino mial

distributio n

A sample will be taken and the test statistic x will be the number o f  members with the

characteristic which will be tested using the distributio n X∼B(n, p)

This can be tho ught o f as the number o f successes

What  are t he st eps f or a hypot hesis t est  of  a binom ial proport ion?

ST EP 1: Write the hypo theses

H : p = p

Clearly state that p represents the po pulatio n pro po rtio n

p  is the assumed po pulatio n pro po rtio n

H : p < p o r H : p > p

ST EP 2: Calculate the p-value  o r �nd the critical regio n

See belo w

ST EP 3: Decide  whether there is evidence to  reject the null hypo thesis

If the p-value < signi�cance level then reject H

If the test statistic is in the critical regio n then reject H

ST EP 4 : Write yo ur co nclusio n

If yo u reject H  then there is evidence to  suggest that...

The po pulatio n pro po rtio n has decreased (fo r H : p < p )

The po pulatio n pro po rtio n has increased (fo r H :  p > p )

If yo u accept H then there is insu�cient evidence  to  reject the null hypo thesis which

suggests that...

The po pulatio n pro po rtio n has no t decreased (fo r H : p < p )

The po pulatio n pro po rtio n has no t increased (fo r H : p > p )

How do I calculat e t he p-value?

The p-value is determined by the test statistic x

The p-value is the pro bability that ‘a value being at least as extreme  as the test statistic’ wo uld

o ccur if null hypo thesis were true

Fo r H : p < p the p-value is P(X≤x |p=p0)

0  0

0

1 0  1 0

0

0

0

1 0

1 0

0

1 0

1 0

1 0  
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Fo r H : p > p the p-value is P(X≥x |p=p0)

How do I �nd t he crit ical value and crit ical reg ion?

The critical value and critical regio n are determined by the signi�cance levelα%

Yo ur calculato r might have an inverse bino mial f unctio n that wo rks just like the inverse no rmal

functio n

Yo u need to  use this value to  �nd the critical value

The value given by the inverse bino mial functio n is no rmally o ne away fro m the actual critical

value

Fo r H : p < p the critical regio n is X≤c  where c is the critical value

c is the largest integer such that P(X≤c |p=p0) ≤α%
Check that P(X≤c+1|p=p0) >α%

Fo r H : p > p the critical regio n is X≥c  where c is the critical value

c is the smallest integer such that P(X≥c |p=p0) ≤α%
Check that P(X≥c−1|p=p0) >α%

1 0  

1 0  

1 0  
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a)

b)

Worked example

The existing treatment fo r a disease is kno wn to  be e�ective in 85%  o f cases.  Dr Sabir develo ps

a new treatment which she claims is mo re e�ective than the existing o ne.  To  test her claim she

uses the new treatment o n a rando m sample o f 60 patients with the disease and �nds that the

treatment was e�ective fo r 57 o f them.

State null and alternative hypo theses to  test Dr Sabir’s claim.

Perfo rm the test using a 1%  signi�cance level. Clearly state the co nclusio n in co ntext.
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4.12.4 Poisson Hypothesis Testing

Poisson Hypothesis Testing

What  is a hypot hesis t est  using  a Poisson dist ribut ion?

Yo u can use a Po isso n distributio n to  test whether the mean number o f  o ccurrences  fo r a given

time perio d  within a po pulatio n has increased  o r decreased

These tests will always be o ne-tailed

Yo u will no t be expected to  perfo rm a two -tailed hypo thesis test with the Po isso n

distributio n

A sample will be taken and the test statistic x will be the number o f  o ccurrences which will be

tested using the distributio n X∼Po(m)

What  are t he st eps f or a hypot hesis t est  of  a Poisson proport ion?

ST EP 1: Write the hypo theses

H : m = m

Clearly state that m represents the mean number o f  o ccurrences fo r the given time

perio d

m  is the assumed mean number o f  o ccurrences

Yo u might have to  use pro po rtio n to  �nd m

H : m < m o r H : m > m

ST EP 2: Calculate the p-value  o r �nd the critical regio n

See belo w

ST EP 3: Decide  whether there is evidence to  reject the null hypo thesis

If the p-value < signi�cance level then reject H

If the test statistic is in the critical regio n then reject H

ST EP 4 : Write yo ur co nclusio n

If yo u reject H  then there is evidence to  suggest that...

The mean number o f o ccurrences has decreased (fo r H : m < m )

The mean number o f o ccurrences has increased (fo r H : m > m )

If yo u accept H then there is insu�cient evidence  to  reject the null hypo thesis which

suggests that...

The mean number o f o ccurrences has no t decreased (fo r H : m < m )

The mean number o f o ccurrences has no t increased (fo r H :m > m )

How do I calculat e t he p-value?

The p-value is determined by the test statistic x

The p-value is the pro bability that ‘a value being at least as extreme  as the test statistic’ wo uld

o ccur if null hypo thesis were true

0  0

0

0

1 0  1 0

0

0

0

1 0

1 0

0

1 0

1 0
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Fo r H : m < m the p-value is P(X≤x |m=m0)

Fo r H : m > m the p-value is P(X≥x |m=m0)

How do I �nd t he crit ical value and crit ical reg ion?

The critical value and critical regio n are determined by the signi�cance levelα%

Yo ur calculato r might have an inverse Po isso n f unctio n that wo rks just like the inverse no rmal

functio n

Yo u need to  use this value to  �nd the critical value

The value given by the inverse Po isso n functio n is no rmally o ne away fro m the actual critical

value

Fo r H : m < m the critical regio n is X≤c  where c is the critical value

c is the largest integer such that P(X≤c |m=m0) ≤α%
Check that P(X≤c+1|m=m0) >α%

Fo r H : m > m the critical regio n is X≥c  where c is the critical value

c is the smallest integer such that P(X≥c |m=m0) ≤α%
Check that P(X≥c−1|m=m0) >α%

Exam T ip

In an exam it is very impo rtant to  state the time perio d fo r yo ur variable

Make sure the mean used in the null hypo thesis is fo r the stated time perio d

1 0  

1 0  

1 0  

1 0  
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a)

b)

c)

Worked example

The o wner o f a website claims that his website receives an average o f 120 hits per ho ur.  An

interested purchaser believes the website receives o n average fewer hits than they claim.  The

o wner cho o ses a 10−minute perio d and o bserves that the website receives 11 hits.  It is assumed

that the number o f hits the website receives in any given time perio d fo llo ws a Po isso n

Distributio n.

State null and alternative hypo theses to  test the purchaser’s claim.

Find the critical regio n fo r a hypo thesis test at the 5%  signi�cance level.

Perfo rm the test using a 5%  signi�cance level. Clearly state the co nclusio n in co ntext.
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4.12.5 Hypothesis Testing for Correlation

Hypothesis Testing for Correlation

What  is a hypot hesis t est  f or correlat ion?

Yo u can use a t-test  to  test whether there is linear co rrelatio n between two  no rmally distributed

variables

If speci�cally testing fo r po sitive (o r negative) linear co rrelatio n then a o ne-tailed test  is

used

If testing fo r any linear co rrelatio n then a two -tailed test  is used

A sample will be taken and the raw data will be given

Yo u might be asked to  calculate the PMCC (Pearso n's pro duct-mo ment co rrelatio n

co e�cient)

What  are t he st eps f or a hypot hesis t est  f or correlat ion?

ST EP 1: Write the hypo theses

H : ρ = 0

Clearly state that ρ represents po pulatio n co rrelatio n co e�cient between the two

variables

In wo rds this means there is no  co rrelatio n

H : ρ < 0, H : ρ > 0 o r H : ρ ≠ 0

ST EP 2: Calculate the p-value  o r the PMCC

Cho o se a t-test fo r linear regressio n

Enter the data as two  lists into  GDC

ST EP 3: Decide  whether there is evidence to  reject the null hypo thesis

If the p-value < signi�cance level then reject H

If the abso lute value o f the PMCC is bigger than the abso lute value o f the critical value then

reject H

If yo u are expected to  use the PMCC yo u will be given the critical value  in the exam

ST EP 4 : Write yo ur co nclusio n

If yo u reject H  then there is evidence to  suggest that...

There is a negative linear co rrelatio n between the two  variables (fo r H : ρ < 0)

There is a po sitive linear co rrelatio n between the two  variables (fo r H : ρ > 0)

There is a linear co rrelatio n between the two  variables (fo r H : ρ ≠ 0)

If yo u accept H then there is insu�cient evidence  to  reject the null hypo thesis which

suggests that...

There is no t a negative linear co rrelatio n between the two  variables (fo r H : ρ < 0)

There is no t a po sitive linear co rrelatio n between the two  variables (fo r H : ρ > 0)

There is no t a linear co rrelatio n between the two  variables (fo r H : ρ ≠ 0)
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a)

b)

Worked example

Jessica wants to  test whether there is any linear co rrelatio n between the distance she runs in a

day, d  km, and the amo unt o f sleep she has the night after her run, t  ho urs. Over the perio d o f a

mo nth she takes a rando m sample o f 9 days, the results are reco rded in the table. 

Distance (d
 km)

1.2 2.3 1.5 1.3 2.5 1.8 1.9 2.0 1.1

Sleep (t  ho urs) 7.9 8.1 7.6 7.3 8.1 8.4 7.8 7.9 6.8

Write do wn null and alternative hypo theses that Jessica can use fo r her test.

Perfo rm the hypo thesis test fo r linear co rrelatio n using a 5%  signi�cance level. Clearly

state yo ur co nclusio n.
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4.12.6 Type I & Type II Errors

Type I & Type II Errors

What  are Type I & Type II errors?

There are f o ur po ssible o utco mes  o f a hypo thesis test:

H  is f alse  and H is rejected

H  is true  and H is no t rejected

The test is accurate  fo r these two  o utco mes

H  is true  and H is rejected

H  is f alse  and H is no t rejected

The test has led to  an erro r fo r these two  o utco mes

A T ype I erro r o ccurs when a hypo thesis test gives su�cient evidence to reject H despite it

being true

This is so metimes called a “f alse po sitive”

In a co urt case this wo uld be when the defendant is fo und guilty despite being inno cent

A T ype II erro r is when a hypo thesis test gives insu�cient evidence to  reject H despite it being

f alse

This is so metimes called a “f alse negative”

In a co urt case this wo uld be when the defendant is fo und inno cent despite being guilty

How do I �nd t he probabilit ies of  a Type I or Type II error occurring ?

Yo u sho uld calculate the pro bability o f erro rs o ccurring bef o re a sample is taken

The pro babilities are determined by the critical regio n

Equally it is determined by the signi�cance levelα%

Critical regio ns are determined such that:

They keep the pro bability o f  a T ype I erro r less than o r equal to  the signi�cance level

They maximise  the pro bability o f  a T ype I erro r

The pro bability o f a T ype I erro r o ccurring is equal to  the pro bability o f being in the critical regio n

if H were true

P(Type I erro r) = P(being in the critical regio n | H   is true)

0 0  

0 0  

0 0  

0 0  

0

0

0  

0
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Fo r a co ntinuo us distributio n (no rmal, t, χ²)

P(Type I erro r) = α%

Fo r a discrete distributio n (bino mial, Po isso n)

P(Type I erro r) ≤ α%

The pro bability o f a T ype II erro r o ccurring is equal to  the pro bability o f no t being in the critical

regio n given the actual value o f the po pulatio n parameter

P(Type II erro r) = P(no t being in critical regio n | actual po pulatio n parameter)

Yo u need to  kno w the actual po pulatio n parameter in o rder to  �nd the pro bability o f a Type II

erro r

Once a sample has been taken yo u can determine which erro r co uld have o ccurred

If yo u rejected H then yo u co uld have made a T ype I erro r

If yo u accepted H then yo u co uld have made a T ype II erro r

Can I reduce t he probabilit ies of  m aking  a Type I or Type II error?

Yo u can reduce  the pro bability o f a T ype I erro r by reducing the signi�cance level

Ho wever this will increase  the pro bability o f a T ype II erro r

Yo u can reduce  the pro bability o f a T ype II erro r by increasing the signi�cance level

Ho wever this will increase  the pro bability o f a T ype I erro r

The o nly way to  reduce bo th pro babilities is by increasing the siz e o f  the sample

Exam T ip

If an exam questio n asks yo u to  �nd the pro bability o f a Type I o r II erro r then do uble check

that the test has no t been carried o ut yet

The examiner co uld test yo ur understanding o f erro rs by asking yo u to  state which erro r

co uld no t have o ccurred o nce the test has been carried o ut 
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a)

b)

Worked example

Lucy can hit the target 70%  o f the time when she thro ws an axe with her right hand. She claims that

the pro po rtio n, p, o f her thro ws that hit the target is higher than 70%  when she uses her left hand.

Lucy uses the hypo theses H0 : p=0 .7  and H0 : p>0 .7  to  test her claim. Lucy makes 100

thro ws and will reject the null hypo thesis if the axe hits the target mo re than 77 times.

�nd the pro bability o f a Type I erro r.

Given that Lucy actually hits the target 80%  o f the time with her left hand, �nd the

pro bability o f a Type II erro r.
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