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Abstract 
This portfolio demonstrates how four different statistical tests can be used to assess ecological data sets, to support research questions as well as inform decision making. Each test was selected to match the structure of the data and the research question posed. The t-test assessed differences in soil temperature between slope orientations, ANOVA evaluated how fertiliser type affects wheat yield, and the Chi-square test examined whether vaccine type influences flu incidence. A simple linear regression was also used to determine whether initial exam marks predict final performance. Across all analyses, the findings highlight how statistical tools can reveal patterns, quantify relationships, and provide reliable evidence for understanding ecological and behavioural outcomes.
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[bookmark: _Toc215667105]1 Introduction 
Statistical analysis is essential for effective ecological management, as it allows researchers to identify patterns and make informed decisions based on statistics rather than assumptions. This report uses four key statistical tests Chi-square analysis, simple linear regression, t-tests, and ANOVA to analyse ecological data and demonstrate how different methods can be used to address different types of research questions. 
[bookmark: _Toc215667106]2 Report on Soil Temperature Differences Between Orientations (T-Tests)
[bookmark: _Toc215667107]2.1 T-Test Introduction
The aim of this analysis is to determine whether soil temperature differs significantly between two orientations, in this instance north and south. To test this a group of students collected a data set on soil temperature of a north facing and south facing slope. 
In order to identify whether the slopes are different, an independent t-test can be used. This is the appropriate test to use as it compares two independent groups of continuous data to determine if there is a significant difference (Glen, 2020). 
When conducting a t-test, several key assumptions must be met. These include: the two groups are independent, meaning their data sets do not overlap; the soil temperature data for each slope is assumed to be normally distributed; and the data meets the assumption of equal variances, which can be tested using Levene’s test (Statology, 2021).
[bookmark: _Toc215667108]2.2 Calculations 
	2.2.1 Group Statistics

	
	orientation
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Soil Temperature
	1.00
	6
	11.6667
	1.36626
	.55777

	
	2.00
	6
	17.0000
	1.26491
	.51640

	
2.2.2 Independent Samples Test

	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Significance
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	One-Sided p
	Two-Sided p
	
	
	Lower
	Upper

	Soil Temperature
	Equal variances assumed
	.000
	1.000
	-7.016
	10
	<.001
	<.001
	-5.33333
	.76012
	-7.02698
	-3.63969

	
	Equal variances not assumed
	
	
	-7.016
	9.941
	<.001
	<.001
	-5.33333
	.76012
	-7.02834
	-3.63833

	
2.2.3 Independent Samples Effect Sizes

	
	Standardizera
	Point Estimate
	95% Confidence Interval

	
	
	
	Lower
	Upper

	Soil Temperature
	Cohen's d
	1.31656
	-4.051
	-6.105
	-1.940

	
	Hedges' correction
	1.42679
	-3.738
	-5.634
	-1.790

	
	Glass's delta
	1.26491
	-4.216
	-6.966
	-1.432

	a. The denominator used in estimating the effect sizes. 
Cohen's d uses the pooled standard deviation. 
Hedges' correction uses the pooled standard deviation, plus a correction factor. 
Glass's delta uses the sample standard deviation of the control (i.e., the second) group.


[bookmark: _Toc215667109]2.3 Findings
The analysis revealed a substantial difference in soil temperature between orientations, with North Facing (Orientation 1’s) mean being 11.67°C and South Facing (Orientation 2’s) mean being 17.00°C .The mean difference is −5.33°C, with the south facing slope being significantly warmer. The t-test result was t(10) = −7.016, p < .001, indicating a highly significant difference. The 95% confidence interval for the mean difference ranged from −7.03°C to −3.64°C, confirming that the south facing slope consistently shows higher soil temperatures.
Effect size estimates were also large (Cohen’s d ≈ 4.05), suggesting that orientation has a strong influence on soil temperature. This suggests that the difference is not only statistically significant but also significant to the ecologically. These findings align with the ecological theory that slope orientation affects how much sunlight the surface is exposed to (Oorthuis et al., 2020), which in turn affects the soil temperatures. It is evident that South-facing slopes receive more direct sunlight and are therefore associated with higher temperatures which leads to warmer soils compared to the north-facing slopes. This difference can affect soil moisture and nutrient cycling, which in turn impacts the biodiversity, plants of the slope. This highlights that slope orientation is an important ecological factor (Wu et al., 2024)
[bookmark: _Toc215667110]2.4 T-Test Conclusion
Orientation significantly affects soil temperature, with south facing being noticeably warmer. This has important implications for ecological processes and habitat management. The strong statistical evidence and large effect size underscore the need to account for orientation in environmental assessments and conservation planning.

[bookmark: _Toc215667111]3 Report on Effect of Fertiliser Type on the Response Variable (One‑Way ANOVA) 
[bookmark: _Toc215667112]3.1 ANOVA Introduction
This analysis evaluates whether the type of fertiliser leads to differences in wheat yield. To assess this a group of students collected data on wheat yields from a farmer’s field. This involved five fields for each fertiliser type, with three different fertilisers tested.
In order to test this, a one-way ANOVA test can be used to compare the means and determine whether the mean yields differ significantly across the three fertiliser types (Bevans, 2020). An ANOVA can be used as a statistical test as there are more than two groups of data, including an independent variable (fertiliser type) and a continuous dependent variable (yield).    
Similar to t-tests, ANOVA relies on key assumptions. These include independence, meaning observations should be independent both within and across groups (Lee, 2025). Additionally, residuals should follow a normal distribution, and there should be homogeneity of variances, which can be assessed using Levene’s test.
	[bookmark: _Toc215667113]3.2 Calculations
3.2.1 ANOVA

	type of fertiliser  

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Groups
	8.333
	7
	1.190
	5.000
	.025

	Within Groups
	1.667
	7
	.238
	
	

	Total
	10.000
	14
	
	
	



	3.2.2 ANOVA Effect Sizesa,b

	
	Point Estimate
	95% Confidence Interval

	
	
	Lower
	Upper

	type of fertiliser
	Eta-squared
	.833
	.000
	.847

	
	Epsilon-squared
	.667
	-.999
	.695

	
	Omega-squared Fixed-effect
	.651
	-.874
	.680

	
	Omega-squared Random-effect
	.211
	-.071
	.233

	a. Eta-squared and Epsilon-squared are estimated based on the fixed-effect model.

	b. Negative but less biased estimates are retained, not rounded to zero.


[bookmark: _Toc215667114]3.3 Findings
The ANOVA table shows that the between-group variance (MS = 1.190) was larger than the within-group variance (MS = 0.238), producing an F-value of 5.00 with a p-value of 0.025. This quantifies the significant effect of fertiliser type on wheat yield. The effect-size estimate η² = 0.833 suggests that a large proportion (83%) of yield variation is associated with fertiliser type. However, because the sample size is small, some estimates are uncertain, which explains the wide confidence intervals. Other measures (epsilon-squared and omega-squared) give slightly smaller values but still indicate a strong effect overall.
These results strongly support the theory that fertiliser type influences wheat yield. From an ecological and agricultural perspective, this is expected as fertilisers alter nutrient availability in the soil (Xing, Xie and Wang, 2025), which directly affects plant growth and productivity. However, the reliability of these findings depends on meeting ANOVA assumptions, including independence of observations, normality of residuals, and equal variances across groups. With small sample sizes (Singh, 2018), these assumptions should be assessed.
[bookmark: _Toc215667115]3.4 One-Way ANOVA Conclusion
Fertiliser choice significantly affects wheat yield, and the effect is large enough to be both statistically and practically important. This highlights the need for careful fertiliser selection in agricultural planning.

[bookmark: _Toc215667116]4 Report on the Effectiveness of Flu Vaccines (Chi-Square)
[bookmark: _Toc215667117]4.1 Chi-Square Introduction
This study aimed to determine whether the type of flu vaccine administered to students influences the likelihood of contracting influenza. Five vaccines (A–E) were compared, based on observed counts of students who either contracted flu or avoided it. 
A Chi-square test of independence is a statistical test that can be used to determine this as the data set the students collected consists of two categorical variables (Nihan, 2020): vaccine type (nominal) and flu outcome (binary: got flu or avoided flu). This test evaluates whether the distribution of flu outcomes differs significantly across vaccine categories.
Key assumptions are made when a chi-square test is carried out (Bobbitt, 2021). These include the independence of observations, categorical data, expected frequency should be greater than / equal to five and sampling should be random. 
[bookmark: _Toc215667118]4.2 Calculations
4.2.1 Case Processing Summary 
	
	
	
	
	Cases
	
	

	
	
	Valid
	
	Missing
	Total
	

	
	N
	Percent
	Missing N
	Missing Percent
	Total N
	Total Percent

	Vaccine * Flu Outcome
	1368
	100.0%
	0
	0.0%
	1368
	100.0%



	4.2.2 Crosstabulation

	Vaccine
	
	
	Got Flu
	Avoided Flu
	Total

	
	A
	Count
	42
	243
	285

	
	
	Expected Count
	46.2
	238.8
	

	
	
	Residual
	-4.2
	+4.2
	

	
	B
	Count
	54
	195
	249

	
	
	Expected Count
	40.4
	208.6
	

	
	
	Residual
	+13.6
	-13.6
	

	
	C
	Count
	24
	254
	278

	
	
	Expected Count
	45.1
	232.9
	

	
	
	Residual
	-21.1
	+21.1
	

	
	D
	Count
	45
	219
	264

	
	
	Expected Count
	42.8
	221.2
	

	
	
	Residual
	+2.2
	-2.2
	

	
	E
	Count
	57
	235
	292

	
	
	Expected Count
	47.4
	244.6
	

	
	
	Residual
	+9.6
	-9.6
	

	Total
	Total
	Count
	222
	1146
	1368

	
	
	Expected Count
	222.0
	1146.0
	



4.2.3 CHI-SQUARE TESTS
	
	Value
	df
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	20.1780
	4
	0.000461


[bookmark: _Toc215667119]4.3 Findings
The Chi-square statistic was calculated as 20.18 with 4 degrees of freedom, and the p-value was 0.000461. For a result to be significant the p-value needs to be greater than the significance level of 0.05, however this p-value is far below this, leading to rejection of the null hypothesis (Zach, 2021). This indicates a statistically significant association between vaccine type and flu incidence. Therefore, there is strong and statistical evidence that the type of vaccine received is associated with whether the students contracted influenza.
The results suggest that the choice of vaccine significantly influences flu prevention among students. Vaccine C, for instance, shows the lowest number of flu cases relative to its total, suggesting greater effectiveness compared to others like Vaccine E, which had the highest flu observations. 
[bookmark: _Toc215667120]4.4 Chi-Square Conclusion
The Chi-square test adequately assessed the significance between the vaccine types and whether the students contracted influenza and the results demonstrate a statistically significant association between vaccine type and flu incidence. These findings satisfy the research study that is being carried out by the students. 

[bookmark: _Toc215667121]5 Report on the Relationship Between Students Initial and Final Exam Marks (Simple Linear Regression)
[bookmark: _Toc215667122]5.1 Simple Linear Regression Introduction
An investigation can be carried out to investigate whether initial exam marks predict final exam marks for a cohort of students. It is important to understand this relationship in order to provide support or intervention to students were required.
In order to test this using the initial exam results and final exam results a simple linear regression (Shu et al., 2023) can be used with the final exam results being the dependent variable and the initial exam results as the predictor.
Regression is appropriate because the aim is to quantify the linear association and provide a predictive equation rather than testing mean differences to predict the students results (GeeksforGeeks, 2024). The model estimates the slope gradient and tests whether the slope differs from zero, which indicated a relationship between the predictor and the outcome. 
Assumptions are made when carrying out a simple linear regression (Statistics Solutions, 2023), these include linearity between the relationship of the independent (initial exam results) and dependant variable (final exam results), independence of errors or observations meaning each exam results should be different, homoscedasticity meaning the residuals have constant variance across all vales of the predictor variable as well as being normalised. 
[bookmark: _Toc215667123]5.2 Calculations
	5.2.1 Variables Entered/Removeda

	Model
	Variables Entered
	Variables Removed
	Method

	1
	Initial Exam Resultsb
	.
	Enter

	a. Dependent Variable: Final Exam Results

	b. All requested variables entered.



	5.2.2 Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.671a
	.450
	.432
	26.964

	a. Predictors: (Constant), Initial Exam Results

	

	5.2.3 ANOVAa

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	19004.767
	1
	19004.767
	26.140
	<.001b

	
	Residual
	23265.469
	32
	727.046
	
	

	
	Total
	42270.235
	33
	
	
	

	a. Dependent Variable: Final Exam Results

	b. Predictors: (Constant), Initial Exam Results

	5.2.4 Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	-48.201
	30.433
	
	-1.584
	.123

	
	Initial Exam Results
	3.246
	.635
	.671
	5.113
	<.001

	a. Dependent Variable: Final Exam Results


[image: A graph with blue dots and white linesAI-generated content may be incorrect.]
[bookmark: _Toc215667124]5.3 Findings
The regression model shows a strong positive relationship (R = 0.671), explaining 45% of the variance in final marks (R² = 0.450). The slope (3.246) is highly significant (p < .001), indicating that higher initial marks are associated with higher final marks. The intercept (−48.201) suggests that very low initial marks predict poor final performance, though this value is less meaningful outside the observed range.
The relatively large standard error of the intercept reflects uncertainty at low initial scores, but overall, the model provides a useful predictive tool. From an educational perspective, this relationship supports formative assessment strategies that early performance can guide interventions to improve student outcomes (Riffenburgh, 2006).
However, the unexplained variance (55%) indicates other factors may also influence final marks. Future research could include this predictors in a multiple regression model for better accuracy.
[bookmark: _Toc215667125]5.4 Simple Linear Regression Chi-Square Conclusion
Initial exam marks significantly predict final exam marks, and the regression equation provides a practical tool for forecasting performance and targeting support strategies.
[bookmark: _Toc215667126]




6 Conclusion
Overall, these reports demonstrates how different statistical tests can be used to demonstrate patterns in data sets in order to make decisions in different fields, such as ecology. The four statistical tests were used in this report were t-tests, ANOVA, Chi-square, and simple linear regression. These provided valuable insights into patterns, correlations and significances in the data sets that had been provided as part of the research questions. 
The t-test highlighted the strong influence of slope orientation on soil temperature, reinforcing known ecological principles. The ANOVA showed that fertiliser type significantly affects wheat yield, emphasising its importance in agricultural decision-making. The Chi-square test identified clear differences in vaccine effectiveness, demonstrating how categorical data analysis can inform public-health decisions. Finally, the regression analysis demonstrated that initial exam results can reliably predict final performance, supporting early academic intervention. Together, these tests highlight how statistics can guide decision-making, justify conclusions and help resolve the research questions.
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