t tests

Independent-Samples t test

The table below shows the exam results (%) from two groups of students.

The first group attended lectures only, whilst the second group attended lectures and tutorials.

	Group 1
	Group 2



	55
	63

	70
	64

	68
	65

	51
	66

	82
	58

	63
	70

	50
	68

	42
	56

	57
	74

	56
	65

	60
	42

	61
	58

	33
	74

	64
	66

	58
	80

	49
	58

	52
	63

	66
	67

	54
	38

	30
	65

	74
	

	63
	


The issue of interest is whether the performance of the two groups of students, who received different levels of tuition, is the same or different.

Establish the null and alternative hypotheses.

Ho: The two groups of students’ mean marks are the same

Ha: The two groups of students’ mean marks are not the same

Or a more appropriate alternative hypothesis would be:

Ha: The mean mark for the group of students who received tutorials is greater than the mean mark of those students who did not receive tutorials.

The first of these alternative hypotheses is known as ‘two tail’ as it simply states that the mean marks are different.  The second alternative hypothesis is directional (one mean is greater or less than another) and is known as ‘one tail’.
The t distribution was first published in 1908 by William Sealy Gosset who worked at the Guinness Brewery in Dublin.  As an employee of Guinness, Gosset was unable to publish his work in his own name and used the pseudonym ‘Student’.  The distribution consequently became known as the Student t distribution.
INTRODUCTION TO USING MICROSOFT EXCEL DATA ANALYSIS

In order to use this facility it is necessary to go to ‘Tools’, ‘Add-Ins’ and select the ‘Analysis ToolPak’ and click OK.  This will install the ‘Data Analysis’ feature.

For Excel select the ‘Office Button’, then ‘Excel Options’, then ‘Add-Ins’ and select the ‘Analysis ToolPak’ and click OK.
To perform an independent sample t test it is necessary to first undertake a ‘F-Test Two-Sample for Variances’ test: go to ‘Tools’, ‘Data Analysis’, ‘F-Test Two-Sample for Variances’ and click OK.

Select the range for the ‘Variable 1 range’, which in this case are the values under the title ‘Group 1’ and select the range for the ‘Variable 2 range’, which in this case are the values under the title ‘Group 2’.  It is also necessary to select where you want this output to be placed (the ‘output range’), either on the existing spreadsheet or on a new one.

The F-Test is used to find out if the variance (standard deviation squared) of the two samples is the same or different.  This test is required because there is a choice of independent samples t-tests based on whether variances are the same or different.
The MS Excel output below shows an F score, or F ratio of 1.55 and a P value of 0.172.  Since the P value is greater than 0.05 we can assume that there is no statistical difference between the variance of Group1 (149.97) and that of Group2 (96.95).
	F-Test Two-Sample for Variances

	
	
	

	 
	Variable 1
	Variable 2

	Mean
	57.18182
	63

	Variance
	149.9654
	96.94737

	Observations
	22
	20

	Df
	21
	19

	F
	1.546874
	

	P(F<=f) one-tail
	0.171698
	

	F Critical one-tail
	2.143834
	 


Because there is no difference in the variances we can select the appropriate independent samples t-test: go to ‘Tools’, ‘Data Analysis’, ‘t-Test: Two-Sample Assuming Equal Variances’ and click OK.

Select the range for the ‘Variable 1 range’, which in this case are the values under the title ‘Group 1’ and select the range for the ‘Variable 2 range’, which in this case are the values under the title ‘Group 2’.  It is also necessary to select where you want this output to be placed (the ‘output range’), either on the existing spreadsheet or on a new one.

The MS Excel output below shows a t value of -1.686 and a P value (one tail) of 0.0498.  This P value is less than the acceptable P value of 0.05, hence we can reject the null hypothesis and accept the alternative hypothesis that the mean mark for the group of students who received tutorials is greater than the mean mark of those students who did not receive tutorials.  Note that if we used the first alternative hypothesis (mean marks not the same) we would use the P value (two-tail) of 0.0996, which is greater than 0.05, hence we would accept the null hypothesis and say that there is no difference between the mean marks of the two groups of students.

Note also that the one-tail P value of 0.0498 means that we are 95.02 per cent confident of the mean mark for Group 2 students being greater.  Given the significant extra resources required to provide tutorials as well as lectures we might wish to have a higher level of confidence.  If a confidence level of 99 per cent was required (a P value of ≤ 0.01) then we would have to accept the null hypothesis and say that there is no difference between the mean marks of the two groups of students.

	t-Test: Two-Sample Assuming Equal Variances

	
	
	
	

	 
	Variable 1
	Variable 2
	

	Mean
	57.18182
	63
	

	Variance
	149.9654
	96.94737
	

	Observations
	22
	20
	

	Pooled Variance
	124.7818
	
	

	Hypothesized Mean Difference
	0
	
	

	df
	40
	
	

	t Stat
	-1.68583
	
	

	P(T<=t) one-tail
	0.049808
	
	

	t Critical one-tail
	1.683851
	
	

	P(T<=t) two-tail
	0.099616
	
	

	t Critical two-tail
	2.021075
	 
	

	
	
	
	


Paired-Samples t Test

The table below gives crop yield (kg per m2) for 10 separate sites.  Three types of farming methods are measured over two years.  The first method involves ‘doing nothing’ for two years (DN).  The second method uses ‘conventional’ techniques such as fertilisation and weed killing (CON).  The third method is organic (ORG).

In this situation you have ‘Paired-Samples’ of data.  The pairs are the data from year one and year two which come (twice) from 10 separate sites (n=10).  Similarly if you conducted a survey of 30 people and then conducted another survey of the same 30 people you will have pairs with the surveys, with 30 separate people (n=30).

Table 1: Farming methods – two year’s results from 10 sites (kg per m2)

	Site
	DNY1
	DNY2
	CONY1
	CONY2
	ORGY1
	ORGY2

	1
	6.25
	5.95
	7.60
	9.32
	5.25
	5.21

	2
	5.30
	4.95
	4.70
	6.34
	7.89
	7.67

	3
	7.80
	6.20
	8.29
	9.89
	4.32
	4.12

	4
	4.88
	3.60
	5.70
	7.26
	5.89
	8.98

	5
	8.40
	5.30
	6.22
	7.23
	7.34
	6.98

	6
	5.32
	4.90
	4.67
	6.34
	6.43
	6.22

	7
	5.30
	3.20
	5.21
	6.78
	4.24
	4.28

	8
	4.20
	2.10
	4.25
	5.98
	5.98
	6.23

	9
	4.80
	3.90
	7.42
	9.34
	4.22
	5.00

	10
	4.76
	3.79
	3.91
	5.24
	4.98
	5.21


As with the independent samples t-test we are testing whether one mean (from year 1) is the same, different, greater or less than a second mean (from year 2) hence the hypotheses:
Ho: The mean yield for year 1 and year 2 are not the same

Ha: The mean yield for year 1 and year 2 are the same

Or a more appropriate alternative hypothesis (as we have done nothing to the land) would be:

Ha: The mean yield for year 2 is less than that of year 1.

Go to ‘Tools’, ‘Data Analysis’,‘t-Test: Paired Two Sample for Means’ and click OK.

Select the range for the ‘Variable 1 range’, which in this case are the values under the title ‘DNY1’ and select the range for the ‘Variable 2 range’, which in this case are the values under the title ‘DNY2’.  It is also necessary to select where you want this output to be placed (the ‘output range’), either on the existing spreadsheet or on a new one.

The MS Excel output below shows a t value of 4.528 and a P value (one tail) of 0.000715.  This P value is less than the acceptable P value of 0.05, hence we can accept the null hypothesis, the yields are different, and reject the alternative hypothesis that the mean yield for year 2 is the same as that of year 1.  Since the P value is less than 0.01 (99 per cent confidence) we can say that the result is highly statistically significant.

Note that the result is also highly statistically significant when a two-tail test is used as the P value (0.001429) is still less than 0.01.

	t-Test: Paired Two Sample for Means
	

	
	
	

	 
	Variable 1
	Variable 2

	Mean
	5.701
	4.389

	Variance
	1.898099
	1.66621

	Observations
	10
	10

	Pearson Correlation
	0.766117
	

	Hypothesized Mean Difference
	0
	

	df
	9
	

	t Stat
	4.5284
	

	P(T<=t) one-tail
	0.000715
	

	t Critical one-tail
	1.833113
	

	P(T<=t) two-tail
	0.001429
	

	t Critical two-tail
	2.262157
	 


One-tail is when we have a direction for our null hypothesis – eg bigger than or smaller than; two-tailed is when we have no direction and so we are just stating there is a difference, we don’t know whether that difference is bigger or smaller.    
Think normal distribution curve (the bell-shape) and the tails are either end.   Since we generally set our target as .05 if we have a direction all of the 5% goes on the right (bigger than) or the left (smaller than).   A hypothesis that has no direction (bigger or smaller than) as for a non-directional hypothesis ( a two-tailed) we split the .05 into .025 either side, left and right.     
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