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Rain or shine? calculator activity
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Some parents say it rains more in August when children are not at school than it does in other summer months. 
Some people think Scotland is sunnier in spring than England and Wales. 

This activity will show you how to use a significance test to decide whether or not such hypotheses are likely to be true. 
Look at the table of hours of sunshine on the next page. 
Think about…

What are the three averages that can be used to represent data?

What measures of spread do you know? 

Which are the most appropriate average and measure of spread to use in this context?  
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A Finding the mean and standard deviation


The sample mean is given by 


This is the best estimator of the population mean. 

The sample standard deviation is given by
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The best estimator of the standard deviation of the population is  







σn – 1 = 
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In examinations you will need to use your calculator to find 
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 and σn – 1 .

Information sheet   Monthly hours of sunshine in England & Wales (1981–2010) 
	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1981
	46.3
	66.8
	64.0
	131.1
	136.8
	150.0
	149.1
	185.5
	149.6
	108.9
	48.7
	42.3

	1982
	51.4
	51.2
	143.2
	172.8
	214.0
	152.9
	166.5
	156.6
	139.2
	67.3
	55.5
	40.3

	1983
	46.0
	72.7
	79.1
	136.8
	122.9
	166.1
	232.0
	214.6
	105.8
	106.3
	43.0
	50.1

	1984
	64.0
	58.8
	58.7
	216.6
	167.1
	205.8
	238.4
	191.2
	107.4
	94.8
	48.8
	51.5

	1985
	48.1
	77.1
	108.3
	127.3
	161.2
	166.3
	189.6
	156.1
	126.8
	99.5
	78.0
	35.2

	1986
	54.7
	72.8
	115.1
	127.3
	186.3
	198.5
	163.2
	132.2
	164.7
	108.3
	72.3
	50.1

	1987
	50.9
	63.8
	97.8
	153.5
	187.7
	116.3
	168.4
	151.9
	144.9
	102.9
	49.3
	31.0

	1988
	50.7
	105.2
	90.7
	132.8
	192.8
	167.7
	142.4
	173.5
	137.1
	98.6
	85.2
	38.4

	1989
	60.7
	89.6
	101.1
	133.8
	264.9
	231.7
	260.3
	231.8
	125.9
	86.6
	82.6
	26.0

	1990
	52.6
	74.5
	133.4
	203.5
	244.3
	121.8
	262.2
	211.0
	145.3
	96.0
	60.7
	43.9

	1991
	65.7
	58.7
	83.4
	147.5
	141.1
	134.8
	185.0
	208.1
	172.3
	81.7
	50.9
	42.2

	1992
	50.6
	63.7
	73.1
	123.2
	246.7
	208.0
	158.1
	160.3
	113.0
	90.7
	55.5
	41.2

	1993
	36.0
	47.2
	111.6
	114.6
	171.4
	191.9
	168.0
	183.6
	101.3
	107.1
	55.9
	41.8

	1994
	62.3
	62.6
	112.6
	164.5
	149.5
	208.1
	219.3
	168.0
	108.9
	115.6
	42.2
	51.4

	1995
	48.7
	69.9
	155.1
	173.3
	206.0
	199.3
	225.1
	268.5
	131.5
	120.1
	66.1
	39.9

	1996
	20.5
	86.3
	62.4
	130.5
	178.4
	238.1
	220.1
	190.5
	136.9
	107.5
	82.1
	48.7

	1997
	46.6
	64.9
	125.6
	163.5
	232.5
	131.8
	221.3
	183.0
	154.6
	128.3
	46.6
	40.8

	1998
	50.9
	88.5
	76.7
	121.9
	203.2
	138.7
	150.5
	204.5
	119.4
	97.0
	71.9
	38.3

	1999
	58.1
	79.1
	106.0
	153.5
	159.7
	188.1
	232.6
	152.5
	155.2
	123.4
	70.2
	56.8

	2000
	65.4
	93.1
	117.4
	137.4
	193.4
	164.2
	157.6
	190.7
	114.2
	90.0
	57.5
	44.9

	2001
	74.5
	86.7
	90.2
	134.6
	226.2
	192.7
	190.0
	177.8
	113.8
	103.6
	65.8
	75.4

	2002
	41.2
	75.3
	112.4
	189.4
	180.2
	163.5
	163.9
	158.3
	154.6
	93.4
	55.3
	34.3

	2003
	70.5
	95.3
	165.2
	191.3
	189.9
	209.4
	172.5
	207.6
	166.0
	130.3
	67.4
	52.1

	2004
	49.5
	88.3
	108.2
	133.3
	204.6
	198.2
	166.0
	173.8
	155.7
	95.9
	47.9
	52.1

	2005
	56.4
	72.0
	79.5
	146.9
	216.6
	190.8
	178.4
	210.6
	150.6
	81.1
	90.8
	57.0

	2006
	51.0
	68.3
	97.4
	160.4
	173.1
	229.7
	287.6
	151.4
	157.5
	95.6
	93.1
	45.8

	2007
	60.5
	70.4
	153.9
	216.5
	167.1
	149.8
	179.7
	198.1
	149.3
	109.4
	71.2
	51.2

	2008
	47.8
	118.2
	120.0
	153.9
	193.0
	199.3
	184.9
	112.8
	114.6
	122.5
	56.6
	66.4

	2009
	56.9
	55.6
	153.2
	170.3
	212.7
	202.0
	177.1
	173.5
	142.8
	90.2
	65.7
	62.2

	2010
	60.9
	60.1
	125.8
	201.8
	204.8
	238.8
	152.1
	148.8
	138.8
	120.3
	71.5
	53.8


Try this

Use the data on the previous page to work out, for July then August, the mean and standard deviation of the monthly hours of sunshine. Write your answers in the table below.

Monthly hours of sunshine in England and Wales
	
	July
	August

	Mean
	
	

	Standard deviation
	
	


Think about…

Compare the results. 

How can you decide whether July is significantly more sunny than August? 
Testing the difference between sample means
Distribution of the difference between sample means

When samples of size n1 and n2 are taken at random from normal distributions with means µ1, µ2 and standard deviations σ1, σ2, then the distribution of the difference in sample means, 
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is normal with mean µ1 – µ2  and standard deviation 
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The Central Limit Theorem says that this is also true for large samples even if the underlying distributions are not normal.

Summary of method for testing the difference between sample means

1 
State the null hypothesis:

H0: µ1 = µ2  
(i.e. µ1 – µ2  = 0)


and the alternative hypothesis:
H1: µ1 ≠ µ2        for a 2-tailed test







H1: µ1 < µ2    or
  H1: µ1 >µ2    for 1-tailed test

2
 Calculate the test statistic:
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3
Compare the value of the test statistic with the relevant critical value:

2-tailed tests 
For a 5% significance test, use z = ( 1.96
Think about
Why is the critical value 1.96?
If the test statistic lies in one of the tails of the distribution, this means that the probability of its occurrence is less than 5% (assuming that the null hypothesis is true).  This is an unlikely event, so the null hypothesis should be rejected in favour of the alternative hypothesis.
For a 1% significance test, use z = ( 2.58
In this case, if the test statistic lies in one of the tails, the event is even more unlikely and there is even stronger evidence to support the rejection of the null hypothesis.  

1-tailed tests 
For a 5% significance test, use z = 1.65 or –1.65
For a 1% significance test, use z = 2.33 or –2.33
Again if the test statistic lies in the tail of the distribution, the null 
hypothesis should be rejected in favour of the alternative hypothesis.


4
State the conclusion clearly.


Testing whether July is significantly more sunny than August

Null hypothesis

H0: µ1 = µ2  

(i.e. there is no difference in the true population means for July and August)


Alternative hypothesis:
H1: µ1 > µ2        1-tailed test
(i.e. on average there is more sunshine in July than August)

Test statistic
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Using a 5% significance test:
1.24 is not in the critical region, so the null hypothesis should be accepted.


Conclusion:
July is not significantly sunnier than August.
Try this
Write down and test other hypotheses comparing:

· the amount of sunshine in two other months of the year

· the amount of rainfall in two months

· the amount of sunshine and/or rainfall in the countries of the UK. 

Write a short report summarising your findings.

Reflect on your work 

· What is measured by standard deviation?

· When is it better to use σn and when σn – 1 ?

· Describe the steps in a hypothesis test.
· What do you do if the value of z is in the critical region?
· Can you use a hypothesis test to prove that a theory is true or false?

Extension

Carry out significance tests on differences in proportions.
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