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[bookmark: _Toc195008180]Exercise 1- T tests
Carry out a basic statistical test to determine if the spring and winter weights are different.
	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



[bookmark: _Toc195008181]Answer 1
Paired statistics t tests would be used to calculate this as each individual has a weight recorded in both spring and autumn. These measurements are not independent as they are related since they come from the same individuals. A paired t-test evaluates whether the mean difference between the two related sets of measurements is significantly different from zero.

[image: ]
Table 1: a table showing the assumptions needed for a paired t test
	Number
	Assumption
	Example 

	1
	The dependent variable should be measured on a continuous scale.
	Weight 

	2
	The independent variable should consist of two categorical, independent groups. 
	Weight difference in spring and winter

	3
	The independence of observations, which means that there is no relationship between the observations in each group or between the groups themselves.
	There must be different participants in each group with no participant being in more than one group. If the study fails this assumption, another statistical test will have to be preformed in place of the independent t-test 

	4
	There should be no significant outliers. Outliers are simply single data points within your data that do not follow the usual pattern. 
	when using SPSS Statistics to run an independent t-test on your data, you can easily detect possible outliers.

	5
	The dependent variable should be normally distributed for each group of the independent variable. 
	Testing for normality using the Shapiro-Wilk test of normality, which is easily tested for using SPSS Statistics.

	6
	There needs to be homogeneity of variances
	Testing this assumption in SPSS Statistics using Levene’s test for homogeneity of variances


 
A paired samples t-test was conducted to compare the values recorded in spring and autumn. The aim was to determine whether there was a statistically significant difference between the two seasonal conditions (Fein et al., 2022).
The mean value for spring was 18.20 (SD = 2.242), while the mean for autumn was 20.67 (SD = 2.193). This indicates that the values in autumn were generally higher than those in spring. The standard error of the mean was 0.579 for spring and 0.566 for autumn.
A correlation analysis was conducted to measure the relationship between spring and autumn values. The correlation coefficient was r = 0.363. The p-value was 0.183, indicating that the correlation was not statistically significant (p > 0.05). Since the p-value is less than 0.05, there is a statistically significant difference between the weights in Spring and Autumn. This suggests that weight changes between seasons are unlikely to be due to random variation
A paired samples t-test was performed to determine whether the difference between spring and autumn values was significant. The results were as follows:
· Mean difference: -2.467 (Spring - Autumn)
· t-value: -3.816
· Degrees of freedom (df): 14
· 95% Confidence Interval: (-3.85, -1.08)
· p-value: 0.002 (two-tailed)
To assess the magnitude of the difference, Cohen’s d and Hedges’ correction (Bobbitt, 2021)
were calculated:
· Cohen’s d: 2.503 (Very large effect size)
· Hedges’ correction: 2.648 (Very large effect size)
The results of this paired samples t-test indicate that the values recorded in autumn were significantly higher than those in spring. This difference is supported by a very large effect size, highlighting a strong seasonal impact. However, the weak and non-significant correlation suggests that the relationship between spring and autumn values is not consistent. The findings suggest that whatever variable is being measured exhibits a notable seasonal shift, which may be due to environmental, biological, or external factors. Further research could explore potential causes of this variation and whether it holds across multiple years or different locations.
[bookmark: _Toc195008182]Exercise 2- Anova 
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.

	Site A
	Site B
	Site C

	38
	22
	14

	47
	19
	26

	39
	8
	11

	25
	23
	18

	42
	31
	5



[bookmark: _Toc195008183]Answer 2 
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Tests of Homogeneity of Variances (Levene’s Test)
The Levene statistic tests whether the variance among groups is equal. The p-values (Sig.) for all tests are above 0.05 (e.g., 0.824, 0.836, etc.), meaning the assumption of homogeneity of variances is met.
ANOVA Results
Between Groups Sum of Squares = 1414.533, df = 2
Within Groups Sum of Squares = 1116.400, df = 12
F-statistic = 7.602, p-value (Sig.) = 0.007
Since p < 0.05, the result is statistically significant, indicating a difference in percentage cover between groups.
The effect Size is Eta-squared = 0.559, meaning 55.9% of the variance in percentage cover is explained by group differences. Epsilon-squared (0.485) and Omega-squared (0.468) confirm a large effect size. Robust Tests of Equality of Means (Welch’s Test). (Field, 2018) Welch’s test, which accounts for unequal variances, also gives a significant result (p = 0.007), reinforcing the ANOVA findings.
There is a significant difference in percentage cover among the groups, with a large effect size. Since the p-value is well below the conventional threshold of 0.05, there is a statistically significant difference between the three sites in terms of the percentage cover of Molinia plants. This suggests that the site differences (A, B, and C) are not due to random variation, and one or more sites have significantly different percentage covers.
[image: ]
The Tukey HSD post hoc test helps determine which specific groups have significant differences in percentage cover (Foster, 2001). The mean differences between the groups are listed. The p-values (Sig.) indicate if the difference is statistically significant (p < 0.05).
The significant comparison is: Group 1 vs. Group 3 (Mean Difference = 23.4000, p = 0.006) This means percentage cover in Group 1 is significantly different from Group 3. Other comparisons (1 vs. 2, 2 vs. 3) are not statistically significant (p > 0.05).
Homogeneous Subsets
Groups are categorized into subsets based on similarity in percentage cover.
Subset 1: Group 3 (14.8000)
Subset 2: Group 2 (22.8000) and Group 1 (38.2000)
Groups within the same subset do not significantly differ. Group 1 is in a separate subset from Group 3, confirming their significant difference.
Group 1 and 3 have a significant difference in percentage cover. Groups 2 and 3, as well as 1 and 2, do not significantly differ. The grouping suggests that Group 3 has the lowest percentage cover, while Group 1 has the highest.
[bookmark: _Toc195008184]Exercise 3- Chi Squared
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?
	
	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



(Please note this is not real data, and is for assessment purposes only)
[bookmark: _Toc195008185]Answer 3 
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This table shows the observed and expected frequencies of each intervention (Baskets, Bunding, Trees) across the two groups (Farmers and Residents).
The chi-Square Test Results are:
Pearson Chi-Square Value: 11.512
Degrees of Freedom (df): 2
p-value (Asymptotic Significance, 2-sided): 0.003
Since p < 0.05, this result is statistically significant. This means that there is a significant association between the type of intervention and the group (Farmers vs. Residents).
The distribution of interventions differs between Farmers and Residents. Farmers are more likely to adopt Bunding and Trees than expected. Residents are slightly more likely to adopt Baskets than expected. Since the Chi-Square test is significant, it suggests that the choice of intervention is not random across the two groups.
The effect size for a Chi-Square test is typically measured using Cramér’s V, (Pallant, 2020) which is calculated as:
[image: A math equations on a black background
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Where:
· χ2=11.512 (Chi-Square statistic from the output)
· N=142 (Total sample size)
· k=3 (Number of categories for the intervention variable)
The value of Cramér’s V.
The calculated Cramér’s V is 0.201, indicating a small to moderate effect size according to common interpretation guidelines:
· 0.10 = Small effect
· 0.30 = Medium effect
· 0.50 = Large effect
This means there is a statistically significant but moderate association between intervention type and group.
For this type of data a contingency table comparing the frequencies of categorical choices between two groups. The best test in SPSS would be the Chi-Square Test of Independence as the nature of data, The responses are categorical. Group Comparison as it compares the distribution of responses between two independent groups. And the objective tests whether the observed differences in frequencies are statistically significant.

[bookmark: _Toc195008186]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) 
	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 


[bookmark: _Toc195008187]Answer 4
Linear regression is appropriate because we are testing the relationship between one independent variable (calcium intake, continuous) and one dependent variable (knowledge score, continuous). Regression analysis will allow us to determine whether calcium intake significantly predicts knowledge scores and quantify the strength of this relationship (Laerd Statistics, 2018). ANOVA Table: Tests if the regression model is significant.
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R = 0.469: This indicates a moderate positive correlation between the predictor (Calcium) and the dependent variable (Knowledge).
R² = 0.219: About 21.9% of the variance in the dependent variable (Knowledge) is explained by Calcium.
Adjusted R² = 0.183: A slightly lower value indicating how well the model generalises to other samples.
Std. Error of the Estimate = 8.65218: The standard deviation of the residuals.
R-squared (R²) = 0.502 
This means that approximately 50.2% of the variation in "Knowledge" is explained by "Calcium". This indicates a moderate relationship between the two variables.
ANOVA Table
F-statistic = 9.213, p-value = 0.003 Since the p-value is less than 0.05, the model is statistically significant, meaning that "Calcium" has a significant effect on "Knowledge".
Coefficients Table
Intercept (Constant) = 6.669, p = 0.021 This suggests that when "Calcium" is zero, the expected "Knowledge" score is 6.669.
Calcium Coefficient = 0.091, p = 0.002 
Since the p-value is significant (p < 0.05), "Calcium" has a positive effect on "Knowledge". For every 1-unit increase in Calcium, the "Knowledge" score increases by 0.091.
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Scatter Plot
The scatter plot shows a positive correlation between "Calcium" and "Knowledge", confirming the regression analysis results.
There is a statistically significant positive relationship between "Calcium" intake and "Knowledge" levels. However, since R² = 50.2%, other factors besides Calcium contribute to Knowledge. The relationship is moderate but meaningful.
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