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[bookmark: _Toc194498913]Exercise 1 – T tests

The Gower Ornithological Society have been collecting data on Summer and Winter weights of the European Robin.  They have asked you to carry out a basic statistical test to determine if the spring and winter weights are different.

[bookmark: _Toc194498799][bookmark: _Toc194498967]Data Table 1 
	Spring
	Autumn

	Individual
	Weight (g)
	Individual
	Weight (g)

	1
	20
	1
	22

	2
	18
	2
	20

	3
	15
	3
	19

	4
	19
	4
	23

	5
	20
	5
	21

	6
	20
	6
	17

	7
	21
	7
	22

	8
	20
	8
	20

	9
	16
	9
	23

	10
	15
	10
	21

	11
	16
	11
	19

	12
	15
	12
	17

	13
	19
	13
	24

	14
	18
	14
	19

	15
	21
	15
	23




A paired t-test is used to compare two sets of data from the same sample as opposed to comparing two sets of scores from two different samples (Howitt and Duncan, 1999).  As the investigation is looking at weights from the same set of robins from different times of the year, a paired t-test is the appropriate statistical test. 
The null hypothesis (H0) = There is no difference in the mean weights of robins between Spring and Autumn.
The alternative hypothesis (H1) = There is a difference in the mean weights of robins between Spring and Autumn.

[bookmark: _Toc194498936]Table 1 Paired T Test 
[image: A close-up of a table
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Table 1 shows the mean weight of the robins in both Spring and Autumn, with Spring being 18.2 and Autumn being 20.67. It is clear that there is an increase of weight and by subtracting 18.20 from 20.67, a 2.47 increase can be seen. The sample size is 15 and is shown by N. The standard deviation is how each data point varies from the sample mean, it is used to further calculate the statistical difference between data sets, in this case 2.242 for Spring weights and 2.193 for Autumn.

[bookmark: _Toc194498937]Table 2 Paired T Test Result
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Table 2 shows the results from the paired t-test. The significance value for a two-sided t-test is 0.002, this shows that there is a statistical difference between the weights with 99.8% certainty. While it is recommended to use a two-tailed test as it would show the significance of the hypotheses in either direction, for example an increase in weight or a decrease. Whereas a one-tailed test would ideally be used if the data is expected to be in one direction or the other. While it was expected that the weight of robins would increase, if a one tailed test was used and the data went in the wrong direction, a null hypothesis would need to be accepted as the test wouldn’t account for the decrease in direction (Field, 2018).
The calculations for this are as follows. 
There were 15 robins in the sample, this gives us 14 degrees of freedom (d.f.), the formula for a t-test is  
The result of the paired t-test is -3.816. When manually calculating the significance of this result, a statistical table would be necessary to calculate. An image of a statistical table is shown in Figure 1 below. 
[image: A screenshot of a data sheet

AI-generated content may be incorrect.]
[bookmark: _Toc194499289]Figure 1 (Turney, 2022a)

To use a statistics table the d.f. is needed which in this case is 14, and to work along that row (highlighted in blue) until the values reflect the result of the t-test. The negative value of -3.816 is irrelevant so 3.816 is somewhere between the 0.005 column and the 0.001. The further along the row towards the right, the more significant the difference in the means are. If this was manually calculated, then the significance would be <0.005. However, the ‘SPSS’ software calculates the significance with more precision than a manual calculation, giving the significance as 0.002. This could also be interpreted as 99.8% certainty that there is a difference in means. 
To conclude, the alternative hypothesis (H1) can be accepted. There is a difference in the mean weights of robins between Spring and Autumn.








[bookmark: _Toc194498914]Exercise 2 - ANOVA
· Results should be discussed and evaluated with reference to the research questions and any relevant ecological and/or statistical literature. 

The Local Authority have been collecting data on Molinia plants required for the success of a rare butterfly.  They have asked you to carry out a basic statistical test to determine if there are any difference between 3 sites.  The percentage cover was collected through random sampling using quadrats.  The 3 sites are an old peat land area (A), a reconditioned peat land area using traditional methods (B) and a reconditioned peat land area using more modern techniques (C).  They would like to know which is the best site potentially for the rare butterfly. 
[bookmark: _Toc194498800][bookmark: _Toc194498968]Data Table 2
	Site A
	Site B
	Site C

	38
	22
	14

	47
	19
	26

	39
	8
	11

	25
	23
	18

	42
	31
	5



To investigate if there is a difference between the groups, an Analysis of variance (ANOVA) tests the variance between the groups and assesses whether the difference between the groups is down to the condition of the group or whether it is down to chance or randomness.
It considers a single independent, in this case it looks at the different peatlands; old, traditionally reconditioned, or reconditioned using modern techniques. The dependant variable is the percentage cover of Molinia plants in each condition. While the scores need to be from different sample groups, the number of scores does not necessarily have to be equal, for example it is acceptable for a set of four scores from one group and five from another, (Howitt and Duncan, 1999). 
First of all, the hypothesis needs to be stated:
The null hypothesis (H0) = There is no difference in the percentage cover of the plants between sites.
The alternative hypothesis (H1) = There is a difference in the percentage cover of the plants between sites.

[bookmark: _Toc194498938]Table 3 ANOVA test
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ANOVA looks at the variances between the groups against the variability within the groups to  give an F-value (Pallant, 2016). 
F = mean square between groups /  mean square within groups (also called error).
F =742.467 / 65.900 
F = 11.267 
To accept the null hypothesis, F would equal 1 as the variation between groups would be the same as the variation within groups and therefore fully explained by the randomness of the data. To reject the null hypothesis, the mean square between groups will be much larger than the mean square within groups, as can be seen in the results of the ANOVA test (Robertson, 2023).
However, to establish how great the variance between groups we need to look at the critical value for F and see if the f-value from the ANOVA test is greater. To find the critical F-value; the d.f. of both groups are needed, along with the F-value. The following table shows whether the F-value is greater than the critical value. 
[image: ]
[bookmark: _Toc194499290]Figure 2 Critical value of F in ANOVA test. (NMCI, 2022)
The critical value of F to the 0.05 significance is drawn from the d.f. values, the Molinia plant test was 2 and 12 respectively giving a critical value of 3.89. 
The significance of the test was is 0.002 which is far smaller than 0.05 concluding that with a 99.98% probability, the effect of the different peatland sites was significant (F3,12 = 11.267, p = 0.002) and so rejecting the null hypothesis. 
[bookmark: _Toc194498915]Exercise 3 – Chi-Squared test

Natural resources Wales have been collecting data on potential solutions to flooding issues.  They have asked you to carry out a basic statistical test to determine if there are any difference between the options.  Two types of riparian owners of a problem watercourse were sampled, these were local farms and residents of a local housing estate.  They were asked to tick their preferred option. The data is provided below.  Is there a difference between the opinions of farmers and local residents?
[bookmark: _Toc194498801][bookmark: _Toc194498969]Data Table 3
	
	Farmers
	Residents
	Total

	Gabion Baskets to slow water
	23
	13
	36

	Planting more trees to absorb water
	15
	37
	52

	Bunding to form a wall
	28
	26
	54

	Total
	66
	76
	142




A chi-square test assesses whether there is a relationship in frequencies between categorical data, it is the appropriate test to determine if landowners had a different opinion for the solution to their flooding issues. It calculates the observed frequencies and compares them against the expected frequencies. The expected frequencies would be the same as the observed frequencies if there was no difference in opinion (Pandis, 2016).
The hypothesis is as follows:
H0 = There is no difference in the opinions of landowners and their preferred flood solution.
H1 = There is a difference in the opinions of landowners and their preferred flood solution.

Table 4 shows the number of frequencies, which is a landowner’s opinion here. 

[bookmark: _Toc194498939]Table 4 Summary of case
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N = total number of people / frequencies
N = 142

Table 5 shows the (observed) count and the expected count for each landowner. The last row and the bottom column show the totals for each.
For example, there are 66 farmers in total and 76 residents. Of that, 28 farmers prefer ‘bunding’ as a solution and while the same number of residents chose that option the clear difference in opinions on solutions appears to be on ‘planting’ with only 15 farmers but 37 residents choosing this solution. 
The chi-squared test determines if the difference between the observed count and the expected count is big enough for there to be a relationship between the variables and the null hypothesis can be rejected.

[bookmark: _Toc194498940]Table 5
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The result of the Chi-squared test in in Table 6, it is the value 11.512 with 2 degrees of freedom and a significance value of 0.003. This means that that there is a statistical difference between observed and expected counts with 99.97% confidence. A critical value table for chi-squared is below in figure 3, and it is clear that at the 0.05 significance level and 2 d.f. the value is 5.991. The result from the test was much larger and so gave a greater confidence of the difference of opinions. Therefore, a rejection of the null hypothesis as there is a statistical difference in opinions between farmers and residents and their preferred flood solutions. 
[bookmark: _Toc194498941]Table 6 Results from Chi-Square Test
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[bookmark: _Toc194499291]Figure 3 Critical Chi-Square value (Turney, 2022b).






	


[bookmark: _Toc194498916]Exercise 4 – Linear Regression

A lecturer has a theory that milk intake improves student’s scores in tests. They have a theory that it is the calcium in milk that is responsible.  Data was collected on intake and knowledge scores.  The data is provided below.  Is there a relationship between the variables and what is the relationship? (Graph will improve analysis)
[bookmark: _Toc194498802][bookmark: _Toc194498970]Data Table 4
	Respondent number
	Knowledge score (Out of 50)
	Calcium intake (mg/day)

	1
	10
	450

	2
	42
	1050

	3
	38
	900

	4
	15
	525

	5
	22
	710

	6
	32
	854

	7
	40
	800

	8
	14
	493

	9
	26
	730

	10
	32
	894

	11
	38
	940

	12
	25
	733

	13
	48
	985

	14
	28
	763

	15
	22
	583

	16
	45
	850

	17
	18
	798

	18
	24
	754

	19
	30
	805

	20
	43
	1085


(Please note this is not real data, and is for assessment purposes only)

To determine if there is a correlation between milk intake and test scores in that changing one variable directly impacts another variable in the same or opposite direction a Pearsons Correlation Coefficient test should be conducted (Schober, Boer and Schwarte, 2018).
The results from the test can range from -1.00 though 0.00 to +1.00 with 0.00 being, a random result or no correlation. The closer to +1.00 the bigger the positive correlation and closer to          -1.00 being a negative correlation. A positive correlation is when one variable increases as a result of another increasing.  Whereas a negative correlation is when one increases the other decreases or goes in the opposite direction (Howitt and Cramer, 1999). 
Stating the hypothesis:
(H0) There is no relationship between the intake of milk and the test scores of students. 
(H1) There is a relationship between the intake of milk and the test scores of students.
[bookmark: _Toc194498942]Table 7 Pearsons Correlation Test
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In Table 7 is the number of data entries in the sample N = 20. It is a 2x2 matrix as there are 2 variables and where the variable correlates to itself the answer is 1. This would never vary and so it is insignificant. However, the score correlating the variables is .882, showing a strong positive correlation and the double asterix next to the value indicates that the correlation is significant at the 0.01 level in a 2-tailed test. The significance of this score is <.001 suggesting high confidence of >99.9% that there is a positive relationship between milk intake and student test scores. The alternative hypothesis can be accepted.
H1 There is a relationship between the intake of milk and the test scores of students.
The Pearson Correlation is often abbreviated to ‘r’ (Schober, Boer and Schwarte, 2018) so it can be reported that (r=0.88, df=18, p<0.001). 
Once a correlation or a liner relationship of two variables has been detected, a regression analysis can be made so that future predictions can be made on the dependant variable based on the independent variable (Laerd Statistics, 2018). 
The initial analysis is shown in Table 8 where B is the gradient of the line of best fit. This can also be seen in figure 4 in red. Under B there are two values, the constant is -14.373 and is the point at which the line meets the y-axis, this intercept is not shown on the graph. The calcium intake 0.56mg/day means that for every increase of 1.00 on the x-axis, there is a change in the y-axis by 0.056. There is a 95% confidence that the B lies between 0.041 and 0.071. 
[bookmark: _Toc194498943]Table 8 results from regression analysis.
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[bookmark: _Toc194499012]Graph 1 Scatter graph showing line of best fit and equation to describe relationship between variables
A regression analysis is expressed as a mathematical equation describing the gradient of the line of best fit. In Figure 4 a line of best fit is shown on a scatter graph of the data from the milk intake / test score investigation, this shows a positive linear relationship between the variables. The equation      allows us to estimate  when we know what  is despite not having that data from the investigation. As this equation is derived from a sample population, predictions based on it should be considered as estimations. 
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