A Quantitative Analysis of Paid Littering Fixed Penalty Notices: Examining Demographics, Offence Characteristics, and Enforcement Patterns
ABSTRACT
Littering remains an environmental and public policy challenge which causes a substantial financial burden on local authorities and contributes to perceptions of environmental neglect in communities. Fixed Penalty Notices (FPNs) are widely utilised as an enforcement strategy to discourage littering behaviours and to encourage compliance with environmental legislation.  However, there is little empirical research available examining the demographic and situational characteristics recorded within littering enforcement data.
A dataset of 178 paid FPNs issued for littering was used, and this article examines the relationship between recorded offender demographics, environmental and offence characteristics, and enforcement penalty payment trends. Using descriptive and inferential statistical techniques to conduct a quantitative secondary data analysis, a variety of frequencies, percentages, measures of central tendency and dispersion, chi-square tests of independence, effect size calculations, and comparative analyses were employed to examine relationships between variables.
Initial findings from this study suggest a statistically significant association between gender and the type of land on which individuals litter, but no statistically significant association between officer gender and whether the FPN was handed to the offender, or between offender age and the hour at which the offence was recorded. There was also a significantly uneven distribution of non-smoking-related offence types. These findings suggest that while littering enforcement records contain important demographic and environmental variations, the results do not establish whether issuing FPNs as a deterrent to littering is effective.
This study contributes to understanding the characteristics of littering enforcement data, particularly the importance of considering the social and situational context of environmental enforcement. Future research could expand on the findings of procedural fairness, enforcement consistency, and how effective FPNs are as a deterrent to environmental crime.
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INTRODUCTION
Littering is one of the most visible environmental crimes that poses challenges for local councils and communities. It presents a persistent environmental and public policy challenge with practical and financial pressures. Although generally treated as a relatively minor environmental offence, littering has a cumulative effect that can contribute to environmental degradation and an increase in public cleaning costs as well as perceptions of environmental neglect within communities (Kachef & Chadwick, 2023).
In England and Wales, FPNs are part of a wider regulatory approach to environmental offending under the Environmental Protection Act, 1990 (Environmental Protection Act 1990, 2025). The use of FPNs by local authorities as an enforcement mechanism provides individuals with an opportunity to deal with low-level offences rather than immediate prosecution, while also seeking to encourage compliance with environmental legislation and to discourage future offending (Murray et al., 2024; Department for Environment, Food & Rural Affairs (DEFRA), 2026).
Most existing research focuses on the environmental factors associated with littering, sometimes considering the influence of social norms and individual attitudes towards littering activities and behaviours, for example Bateson et al. (2013) and Kolodko et al. (2021). Studies such as these highlight the importance of environmental context when considering littering instances however, there is comparatively less research on the characteristics recorded within administrative littering enforcement data. There is a gap in literature, particularly quantitative analysis, for demographic and environmental characteristics represented among individuals that have received and paid their littering FPNs.
By examining paid FPN records, an empirical profile of the characteristics represented within recorded littering enforcement activities can be created. Analysis of these profiles and demographics from contextual variables can highlight patterns within the dataset and whether specific characteristics occur disproportionately within the dataset. However, these findings cannot establish why littering occurred, nor if enforcement decisions were proportionate or if the issuance of the FPN causes a behavioural change. They can, however, provide an evidence base for the consideration of enforcement activity patterns and to identify areas for further investigation into enforcement consistency and procedural and regulatory compliance (Dur & Vollaard, 2019; Llywodraeth Cymru, 2019).
This study applies secondary data analysis to a dataset of 178 paid littering FPNs issued within one local authority in England during 2025. The study utilises descriptive and inferential statistical techniques to examine the relationship between a selection of demographic, environmental, offence, and enforcement variables. Additionally, it considers variables such as gender, age, and the type of land on which a littering offence took place to examine any relationship between variables. The study aims to contribute to literature regarding characteristics represented within the administrative littering enforcement data.
The main objectives are:
a) to describe the demographic characteristics of individuals recorded as having paid a littering FPN.
b) to examine statistically significant relationships between certain demographic characteristics and contextual or enforcement-related variables within the dataset.
c) to contribute quantitative evidence to existing literature regarding environmental enforcement and administrative littering data in England and Wales.
This study aims to provide an evidence-based profile of paid littering FPNs and to establish a foundation for further research on the consistency of littering enforcement and the effectiveness of issuing FPNs as a deterrent to environmental offending.

LITERATURE REVIEW
Despite being one of the most prevalent forms of environmental offending, littering is perceived as a relatively minor offence but a persistent challenge to local authorities because of how it affects public spaces and the financial cost of cleaning. Research published in 2025 suggested that councils in England and Wales spend approximately £886 million annually on managing and maintaining public spaces with the aim of keeping these areas litter-free (Ministry of Housing, Communities & Local Government, 2025). For many authorities, this means that litter prevention and enforcement practices become an important addition to their environmental governance strategies.
Most existing research into littering trends examine factors related to littering behaviours and quantitative studies suggest how individual attitudes, social norms, and environmental conditions may influence whether individuals litter or not (Kolodko et al., 2021). Bateson et al. (2013) also suggests that the physical environment may also influence the perception of acceptable behaviour; for example, if litter is already visible, individuals may believe littering is more socially acceptable, whereas a cleaner environment may improve behaviour and attitudes. These findings suggest that quantitative studies identifying statistical relationships between environmental and behavioural variables can be valuable for policy implementation. However, self-reported attitudes and intentions do not necessarily represent the real interactions between individuals and environmental enforcement officers.
The difference between self-reported attitudes and officially captured and recorded enforcement data is important for this study. While survey-based research can provide information about individuals’ attitudes and motivations that are not necessarily captured in administrative records, self-reported data can be affected by factors such as recall error, especially if participants are asked about behaviours that could be considered negative or a violation of the norm (Kreuter et al., 2009; Helbing & Krumpal, 2025). For this study, administrative data provided records of interactions that were documented as part of an operational process which makes them valuable to examine patterns in recorded enforcement activity.
Fixed Penalty Notices and Administrative Enforcement
As one of the most common enforcement mechanisms utilised by local authorities in England and Wales, issuing FPNs for littering offences under the Environmental Protection Act 1990 provides alleged offenders with the opportunity to discharge their liability for offending by payment of a penalty rather than immediate prosecution (Environmental Protection Act 1990, 2025). The FPN itself represents the interaction between an enforcement officer and individual for an alleged offence. Administrative records then provide quantitative information regarding the enforcement activity’s circumstances.
Most prevalent research on environmental FPNs tend to focus on legal frameworks, enforcement policies and the effectiveness of enforcement, however there is limited research on the demographics and characteristics of individual enforcement instances within administrative records of paid FPNs. This study does not aim to determine whether FPNs reduce littering instances but to examine the characteristics and statistical relationships represented within a specific administrative dataset of paid littering FPNs.
For this study, using administrative data has several methodological advantages. Data is routinely collected according to standardised operational procedures and provides information about recorded events rather than relying on a participant’s recollection (Hand, 2018). Findings can therefore be useful to identify patterns across multiple variables including demographic, environmental, geographic, and enforcement. The dataset used for this study contains variables including gender, ethnicity, year of birth, litter type, geographical location, weather conditions, type of land, and whether the FPN was handed to the offender or not.
However, this does not mean that the data is a complete representation of the social phenomenon of litter enforcement as the data was originally collected for operational purposes rather than for academic purposes. This means that the available variables are determined by administrative requirements rather than by the chosen research title and explanatory variables may not be available (Hand, 2018). Administrative data captures only observed events and the dataset used in this only study contains paid FPNs. Therefore, it cannot represent unobserved littering, littering that did not result in the issuance of an FPN, or FPNs that were not paid or that progressed to prosecution.
These limitations are important to consider when interpreting demographic and characteristic patterns that “may not be representative of the population to which one wishes to make an inference” (Hand, 2018, p.557). For example, if males account for a greater proportion of records than females, this cannot be interpreted as evidence that males litter more frequently. The data may reflect the differences in observed behaviour, enforcement activity, offence locations and population, and the enforcement officer’s practices. Findings of this study should not be interpreted as evidence of causal relationships but associations within the dataset. 
Environmental Offender Demographics and Quantitative Analysis of Datasets
Using quantitative methods for this study is appropriate as the objective is to identify patterns and statistical associations between measurable variables. The dataset is mostly comprised of categorical variables which makes frequencies, percentages, and cross-tabulations useful for describing characteristics (Chen & Anderson, 2023). Inferential techniques are used to assess whether observed differences or associations are likely or not to have arisen through random variation under specified null hypotheses (Bhattacherjee, 2019a).
Chi-square tests of independence are appropriate to examine the associations between two categorical variables, along with Cramér’s V to provide an indication of the strength of associations between variables (McHugh, 2013). It is noted that statistical significance and practical significance are not equivalent and that a relationship between variables can still achieve statistical significance but have a small effect, especially if the number of observations is sufficiently large (Sullivan & Feinn, 2012).
Alternative statistical procedures can be considered if continuous variables are available. Age is treated as a continuous variable for this study to allow comparison of mean age between gender groups by using an independent-samples t-test. While correlation analysis can be used to examine whether two continuous variables demonstrate a linear relationship, the choice of statistical technique should reflect the measurement characteristics and assumptions of the data rather than the availability of the test (Bewick et al., 2003). Furthermore, statistical association does not necessarily establish causation. The study uses observed administrative data that was collected at single points in time. Therefore, statistically significant relationships cannot definitively demonstrate that one variable causes another (Maier et al., 2023). For example, if an association exists between the type of land and whether an FPN was handed to an offender, it does not necessarily establish that the type of land caused any notable difference as there may be other variables associated with the enforcement process that provide an alternative explanation.
Research Gap
Whilst existing literature has explored and advanced understanding of littering behaviours in the UK, there seems to be limited research on the characteristics of documented FPN recipients that paid their littering FPNs. This creates a research gap between research examining why littering occurs and examining what or who is represented within recoded enforcement activity.
This study aims to address the research gap through secondary quantitative analysis of 178 paid littering FPN records and instead of estimating the prevalence of littering within the wider population, it acknowledges the demographic and situational composition of the available records and only tests selected relationships between recorded variables.
The study will interpret findings within the limitations of the administrative data and does not treat them as evidence of causal relationships. The findings are interpreted from descriptive statistics and inferential analysis, including chi-square tests of independence, measures of effect size, t-test, and Pearson correlation.
The research question is;
A Quantitative Analysis of Paid Littering Fixed Penalty Notices: Examining Demographics, Offence Characteristics, and Enforcement Patterns

METHODOLOGY
The study examines demographic and environmental characteristics associated with environmental enforcement from a dataset of 178 paid littering FPNs, by adopting a quantitative research design. The research question itself relates to measurable characteristics and statistical relationships between variables, such that a quantitative approach to summarise characteristics using descriptive statistics is thereforeappropriate. The study aims to assess whether relationships between variables were statistically significant.
As an observational study, there were no manipulated variables to alter the circumstances in which the original FPN was issued (Bryman, 2001/2015). Associations within the dataset that were identified, rather than any causal relationships, which is important because the administrative records were obtained and produced through enforcement activity rather than a research design (Bryman, 2001/2015; Hand, 2018)
To create testable hypotheses, existing theoretical and empirical literature about littering behaviours and environmental context was used. The hypotheses were then examined by using statistical techniques according to the measurement level of variables.
Ontology and Epistemology
A realist ontology assumes that social phenomena exist independently of the researcher and that systematic empirical measurement can be used to explore observable patterns (Buch‐Hansen, 2023). This research treats the demographic characteristics and environmental contexts as objective phenomena to measure and analyse the dataset statistically. With social behaviour being influenced by complex interactions between individuals, the administrative dataset represents observable events, independent of the research process. This allows the researcher to identify meaningful patterns through objective examination of the data (Buch‐Hansen, 2023).
A positivist epistemological perspective argues that it “can legitimate knowledge of the social world”, generated through objective observation and systematic analysis (Bryman, 2001/2015, p.28). This allows patterns within the dataset to be examined using replicable procedures and reduce the influence of researcher bias when determining if an observed statistical relationship meets a predefined significance criterion with the absence of interaction between researcher and participants (Park et al., 2020). Positivism is associated with quantitative research for its emphasis on identifying regularities, statistical relationships and to generalise patterns using numerical data. This research adopts a positivist perspective, and whilst positivism provides a foundation for statistical analysis, the researcher acknowledges that the dataset represents recorded events rather than a totality of environmental offending behaviour.
The study aims to minimise researcher subjectivity by using standardised statistical procedures to analyse the dataset. To summarise characteristics included in the sample, descriptive statistics are used, with inferential statistics being used to examine the relationship between variables. The findings are interpreted as empirical observations deriving from the available dataset rather than being interpretations of individual experiences (Hand, 2018). Although the analysis is objective in its calculation, interpreting the results requires consideration of the context in which the data was produced. Conclusions for the research are restricted to the characteristics recorded in the dataset and should therefore not be interpreted as representing all littering incidents or paid littering FPNs within the wider population.
Data Source
A secondary administrative dataset of 178 paid FPNs issued for littering offences was used for this research. The dataset was originally collected for operational and administrative purposes by an environmental enforcement organisation on behalf of a local authority rather than for academic research. Benefits of secondary data analysis for this study include having access to routinely collected operational records which reduces costs of data collection. Each of the 178 individual records represents a paid littering FPN which satisfied the inclusion criteria for the dataset. Variables available in the dataset provide a multifaceted description of recorded littering incidents that resulted in a paid financial penalty. These variables include:
· demographic information
· gender
· ethnicity
· year of birth
· litter type
· enforcement and spatial variables
· method of issuing FPN
· geographical zone and town
· environmental characteristics
· weather conditions
· land ownership
The findings should not be interpreted as representative of all littering offences or all enforcement actions undertaken by an enforcement company or issuing authority as the dataset only contains information on paid FPNs. Therefore, the findings should be interpreted as describing available records instead of estimating the prevalence of littering.
Sampling
The study relies on a census of the available and eligible records sample from the dataset, rather than selecting a sample from a larger population. This does not make the sample a representative of all littering or all FPNs issued. All cases listed within the dataset were included in the analysis which eliminates sampling error and increases statistical power given the number of individual observations (Bryman, 2001/2015). However, the findings cannot be generalised to a wider population of littering offenders or members of the public because the dataset represents the administrative records rather than a randomly selected sample of all littering incidents. Therefore, the analysis focuses on patterns available within the dataset (Hand, 2018).
Data Screening
Data screening procedures were followed prior to statistical analysis, including screening for missing values, duplicate records or inconsistent and implausible values (Sharifnia et al., 2025). Additionally, categorical variables were reviewed to identify categories with small frequencies as these cells affect the reliability of some statistical procedures, especially chi-square tests (McHugh, 2013). The FPN number was used as an identification variable and was not included as an analytical variable.
Continuous variables, for example, the individual’s year of birth, were identified to discount implausible values, and summary statistics were generated to discover potential outliers. This was important when preparing the data as it improves reliability and the validity of the statistical analyses to follow (Daikeler et al., 2024).
Statistical Analysis
Statistical analysis for this study was undertaken in two stages; descriptive statistical analysis and inferential statistical analysis.
Using descriptive statistical analysis such as frequencies, percentages, measures of variability and measures of central tendency, provided an overview for the study of the demographic composition of the dataset. It also provided information on the distribution of environmental and paid enforcement-related variables.
Inferential statistical techniques were used to examine the relationship between variables. Most of the variables within the dataset are categorical, therefore chi-square tests of independence were used to measure the associations between demographic and contextual characteristics (McHugh, 2013). With the identification of statistically significant associations, Cramér’s V were used to calculate effect sizes and to evaluate the practical significance of observed relationships (McHugh, 2013).
The analysis of continuous variables also included additional statistical tests including independent-samples and t-tests based on the distributional characteristics of data and the assumptions underlying each statistical procedure. Pearson correlation was also used to assess the relationship between variables such as offender age and offence time. Statistical significance was evaluated using an alpha level of p < .05 and was interpreted with measures of effect size to differentiate between statistically detectable relationships and those with substantive practical importance rather than being treated as evidence of causation (Ongaro et al., 2024).
Using the 2 x 2 analysis for the type of land and whether an FPN was handed to the offender, one expected cell frequency was below 5 which meant the Pearson chi-square result was interpreted cautiously. The underlying approximation is less reliable when expected frequencies are very small (McHugh, 2013). An exact test would instead have provided sensitivity analysis for this relationship.
Validity and Reliability
Connelly et al. (2016) suggest that datasets generally provide high levels of reliability because of the standardised operational procedures involved in data collection and the clear information obtained from the data. Using a dataset of routinely recorded administrative data reduces recall bias and provides an objective record of the events instead of using retrospective self-report measures, which has its own limitations (Connelly et al., 2016).
The validity of the data depends on the accuracy and consistency of the recording methods. The variables collected were for operational rather than research purposes, so there is a potential for some important or explanatory variables to have been excluded or unavailable. Furthermore, the dataset only represents FPNs that were recorded and paid, rather than all littering incidents. This limits the generalisability of findings beyond this dataset (Hand, 2018; Connelly et al., 2016).
Ethical Considerations
Using only secondary, truly anonymised data with no personally identifiable information, the study posed minimal risk to individuals (Błahuta & Salamońska, 2026). Nevertheless, ethical principles relating to confidentiality and data protection were observed throughout the study. Analysis was undertaken for educational and research purposes only and the findings reported and formatted to prevent the identification of individuals.
The dataset contains information on offending behaviour, therefore interpreting demographic differences required care, including ensuring statistical differences between groups were not presented as evidence that one demographic commits more littering offences than others. The study restricts conclusions to statistical patterns available from the dataset.
DATA ANALYSIS
During statistical analysis, patterns were identified in the dataset to determine whether statistically significant relationships existed between the variables of the 178 paid littering FPNs such as demographic, environmental, spatial or administrative patterns. It was an opportunity to combine descriptive and statistical techniques in analysing the dataset’s characteristics with four steps; data preparation and screening, descriptive analysis, inferential analysis, and interpretation of statistical significance.
All analyses were undertaken using Microsoft Excel. Although there is specialist statistical software available (such as SPSS or Stata), Microsoft Excel was used as the dataset was of manageable size and the analyses including frequency calculations, cross-tabulations, chi-square tests, and descriptive statistics could be conducted using its available functions (Brookfield, 2021). While SPSS has more extensive analytical capabilities, Excel was sufficient for the statistical procedures for this dataset.
Data Preparation and Screening
The dataset was subject to a series of data preparation procedures to ensure it was suitable for analysis. This included reviewing all variables to ensure there were no missing values, inconsistencies, or duplicate records with the FPN number being used as an identification variable rather than a variable for analysis. As the dataset existed for operational purposes rather than research, there were some inconsistencies that needed to be amended before meaningful statistical analysis could be undertaken. For example, the “Year of Birth” variable was converted into an age variable to facilitate a continuous variable and comparison between groups (University of Southampton, 2026). Age was calculated in Excel using the formula:
=YEAR(NOW())-A0,
with “A0” representing the cell populated with the year of birth for a given record.
The level of measurements for each variable was considered. Gender, ethnicity, weather conditions, geographic location, and type of land were classified as categorical variables due to their categories not representing a meaningful numerical ranking. The year of birth was converted to an age variable to create a continuous variable for the analysis. This meant that calculating measures of central tendency and conducting comparisons between groups was made simpler. Additionally, the dataset was inspected to ensure no unusually high or low values were incorrectly recorded, indicating data entry errors. Any “Unknown” records were excluded from analyses but were retained within the original dataset. These preparation procedures were undertaken to ensure that the dataset was consistent before analysis (Cunningham & Muir, 2023).
Descriptive Analysis
The initial stage of statistical analysis involved using descriptive statistics to summarise characteristics within the dataset. Descriptive statistics provide an overview of the distribution of the dataset and provides a basis for identifying patterns before undertaking inferential statistical tests (Bhattacherjee, 2019b). This includes identifying the demographic composition of recorded offenders that pay their FPNs, the environmental characteristics, and the context within which the enforcement occurred.
Frequencies and percentages were calculated for categorical variables, with frequencies indicating how many observations occurred within each category, while the percentages provided a comparison between categories, regardless of the sample size (Bhattacherjee, 2019b). Variables included in frequency analysis included gender, ethnicity, weather, offender characteristics, and whether the offence occurred on public or private land.
For the continuous age variable, measures of central tendency and dispersion, including mean, median, range and standard deviation, will be calculated. The mean will provide an estimate of the average recorded age, the median will provide the central observation, and the standard deviation and range will indicate the extent of variation in age (Bhattacherjee, 2019b).
Inferential Analysis
To investigate whether relationships between selected variables are statistically significant, statistical significance will be assessed using an alpha level of p < .05. This is a conventional threshold in statistical hypothesis testing with results below .05 being treated as statistically significant for this study (Engman, 2011). Each inferential test will depend on the measurement level of variables and assumptions of the statistical test.
DESCRIPTIVE RESULTS
H₀ (null hypothesis). This assumes there is no relationship between variables.
H₁ (alternative hypothesis). This means that a relationship between variables exists.
(Alsobrook, 2025).
Hypothesis 1
H0: There is no statistically significant association between Offender Gender and Type of Land.
H1: There is a statistically significant association between Offender Gender and Type of Land.
Both variables used are categorical; “Offender Gender”, and “Type of Land”. Gender consists of Male/Female categories and Type of Land consists of Public/Private categories. Therefore, a Pearson chi-square test of independence was selected because it determines whether an association between two categorical variables appears by comparing observed frequencies and frequencies that would be expected if the two variables were independent (McHugh, 2013).
By creating a cross-tabulation to show the number and percentage of paid male and female FPN records from FPNs issued on Public or Private land, expected frequencies were calculated from row and column totals and the overall sample size. The expected frequencies were compared with observed frequencies to calculate the Pearson chi-square statistic.
	Table 1. Offender Gender x Type of Land cross-tabulation of
observed frequencies and percentages

	 
	Private
	Public
	Grand Total

	Female
	10
	31
	41

	
	24%
	76%
	

	Male
	13
	124
	137

	 
	9%
	91%
	 

	Grand Total
	23
	155
	178



	Table 2. Pearson chi-square test results showing the χ² statistic, degrees of freedom (df), p-value, α, and Cramér's V

	Statistical summary
	 

	χ²
	6.23

	df
	1

	p-value
	0.0126

	α
	0.05

	Cramér's V
	0.187

	Decision
	Reject H₀



While the chi-square test assesses whether evidence of a statistically significant association appears, Cramér’s V shows the strength of the association and is calculated as an “effect-size index” (Kearney, 2017).
Chart 1 below is a visual representation to compare the proportion in percentage format of public and private land records within each gender category which allows the proportions of FPN payments within the male and female groups to be compared directly.



The analysis produced a statistically significant result, therefore H₀ was rejected. The descriptive results showed that 91% of male records occurred on public land with 76 % of female records on the same type of land. Cramér’s V was .187 which indicates a small association between gender and type of land, therefore while there is evidence of an association within the dataset, the relationship is small and the result should not be interpreted as evidence that gender causes an offence to occur on a particular type of land.

Hypothesis 2:
H₀: There is no statistically significant difference in the mean age of offenders according to Gender.
H2: There is a statistically significant difference in the mean age of offenders according to Gender.
The variables used were Age and Gender. Age is a continuous variable while Gender provides two separate groups which makes a t-test a suitable test to compare the mean age of male and female offenders (Bauer et al., 2021).
To prepare for the test, descriptive statistics were calculated separately for each gender, including the mean, median, standard deviation, and mean and maximum age. The distribution of age was examined using a histogram. Records where no numerical age was available, or any record logged as “Unknown” were excluded from the statistical analysis but retained in the original dataset.

	Table 3. Age of offenders according to gender (Female)
	

	Female
	Age
	Histogram
	

	Mean
	
	Age
	Frequency

	47.57143
	4.23993
	4.23992678
	0

	Standard deviation
	18.68376
	18.6837607
	0

	14.44383393
	33.12759
	33.1275946
	6

	
	47.57143
	47.5714286
	10

	
	62.01526
	62.0152625
	7

	
	76.45910
	76.4590964
	4

	
	90.90293
	90.9029304
	1

	
	105.34676
	105.346764
	0





The mean age of female recorded offenders was 47.57 years (SD = 18.68) while the mean age for male recorded offenders was 50.96 (SD = 16.28). The difference between these groups was approximately 3.39 years.

	Table 4. Age of offenders according to gender (Male)
	

	Male
	Age
	Histogram
	

	Mean
	
	Age
	Frequency

	50.96226
	-1.05906
	-1.05905558
	0

	Standard deviation
	16.28138
	16.28138433
	0

	17.34043991
	33.62182
	33.62182424
	11

	
	50.96226
	50.96226415
	15

	
	68.30270
	68.30270406
	17

	
	85.64314
	85.64314397
	9

	
	102.98358
	102.9835839
	1





Hypothesis 3: 
H₀: There is no statistically significant association between Type of Land and whether the FPN was handed to the offender at the time of the offence.
H3: There is a statistically significant association between Type of Land and whether the FPN was handed to the offender at the time of the offence.
The variables used are “Type of Land” and “is FPN Handed”. “Is FPN Handed” refers specifically to a FPN handed to the offender at the time of the offence, rather than being posted to their address. These are categorical variables and the analysis is relevant because of its examination of environmental and enforcement characteristics. Table 5 cross-tabulation shows how the handing of FPNs to offenders that paid their FPNs is distributed between public and private land. Of the 23 paid FPNs that were issued on private land, 12 were recorded as handed to the offender and 11 were not, whereas of the public land FPNs, 15 were handed to the offender, and 140 were not.

	Table 5. Type of Land x Was the FPN handed to the offender cross-tabulation of
observed frequencies and percentages

	 
	No
	Yes
	Grand Total

	Private
	11
	12
	23

	
	48%
	52%
	

	Public
	140
	15
	155

	 
	90%
	10%
	 

	Grand Total
	151
	27
	178



	Table 6. Review of frequencies

	Expected
	
	

	 
	No
	Yes

	Private
	19.51
	3.49

	Public
	131.49
	23.51

	 
	 
	 

	
	
	

	Chi-square calculation
	
	

	 
	No
	Yes

	Private
	3.71
	20.76

	Public
	0.55
	3.08

	 
	 
	 



The frequencies were reviewed before conducting the Pearson chi-square test and one of the four cells was 3.49, below 5. This meant that the expected assumption was not fully satisfied (McHugh, 2013). Nevertheless, the result was retained with this limitation being acknowledged. According to McHugh (2013), it would be appropriate to conduct a Fisher’s exact test as it does not rely on the same large-sample approximation. However, the result does not suggest that the type of land causes an FPN to be handed or not handed to an offender, but that there is an association between the two variables.

	Table 7. Pearson chi-square test results showing the χ² statistic, degrees of freedom (df), p-value, α, and Cramér's V

	Statistical summary
	 

	χ²
	28.11

	df
	1

	p-value
	1.146728E-07

	α
	0.05

	Cramér's V
	0.397

	Decision
	Reject H₀



The Pearson chi-square test produced χ² = 28.11 and Cramér’s V = .397 which indicates a statistically significant association, therefore H₀ was rejected.

Hypothesis 4: 
H₀: There is no statistically significant association between Offender Gender and whether the FPN was handed to the offender at the time of the offence.
H4: There is a statistically significant association between Offender Gender and whether the FPN was handed to the offender at the time of the offence.

	Table 8. Offender Gender x Is FPN Handed? cross-tabulation of observed frequencies and percentages

	 
	No
	Yes
	Grand Total

	Female
	34
	7
	41

	
	83%
	17%
	

	Male
	117
	20
	137

	 
	85%
	15%
	 

	Grand Total
	151
	27
	178



The variables used are “Offender Gender”, and “Is FPN Handed?”. Both variables are categorical therefore a Pearson chi-square test of independence is used to examine whether the distribution of FPNs handed to offenders differs between male and female offenders. This test is not to establish whether the offender’s gender caused an FPN to be handed to them or not, and only tests if the two variables are statistically associated (McHugh, 2013). This distinction is important because this analysis cannot determine if the offender’s gender influenced the officer’s decision to hand the FPN to them or not. However, it can establish whether the two recorded variables were statistically associated within the dataset.
	Table 9. Pearson chi-square test results showing the χ² statistic, degrees of freedom (df), p-value, α, and Cramér's V

	Statistical summary
	 

	χ²
	0.1501774

	df
	1

	p-value
	0.6984

	α
	0.05

	Cramér's V
	0.029

	Decision
	Fail to Reject H₀






Hypothesis 5: 
H₀: Excluding smoking-related litter, the distribution of the remaining offence types is approximately equal, with no single offence type accounting for a disproportionately large percentage of the total offences.
H5: Excluding smoking-related litter, the distribution of the remaining offence types is unequal, with certain non-smoking-related offence types accounting for a disproportionately large percentage of the total.
The variables used were “Offence Type” and “Offence Date”. Smoking-related litter was excluded from the calculation as this type of litter is consistently reported to be the most littered item in the UK and therefore, the number of payments for FPNs are consistently reported as higher than other litter types (DEFRA, 2022; Tonbridge and Malling Borough Council, 2024). The purpose of this analysis was to determine if the remaining offence types were approximately equal or not.
The remaining 75 records across 13 non-smoking-related offences were used for analysis and the equal-distribution hypothesis was used as a statistical benchmark to consider if observed frequencies differed from what would be expected if each category occurred at approximately the same frequency.
	Row Labels
	Count of Offence Type

	Jan
	14

	Feb
	11

	Mar
	13

	Apr
	10

	May
	13

	Jun
	14

	Jul
	9

	Aug
	9

	Sep
	15

	Oct
	28

	Nov
	25

	Dec
	17

	Grand Total
	178



	Annual Offence Type paid FPNs - excluding smoking-related litter

	Offence Type
	Count of Offence Type
	Percentage

	Chewing Gum
	2
	3%

	Coffee Cup
	1
	1%

	Confectionary Packs
	2
	3%

	Fast Food Related
	3
	4%

	Non-Alcoholic Drinks Related
	4
	5%

	Other Litter
	32
	43%

	Packaging
	6
	8%

	Printed Literature
	7
	9%

	Public Urination - Littering
	11
	15%

	Snack Packs
	4
	5%

	Soft Drink Bottle
	1
	1%

	Soft Drink Can
	1
	1%

	Sweet Wrapper
	1
	1%

	Grand Total
	75
	100%



The observed distribution was uneven, with “Other Litter” accounting for 32 of the 75 records with many other categories accounting for one or two records.[image: ]

While these results should not be interpreted as demonstrating that one type of litter is more likely to occur, or one type of littering FPN is more likely to be paid, than another in the wider population, the “Other Litter” category is broad and could combine different types of litter that were not specific enough to be placed within other categories. Therefore, the results suggest a significant observed difference within the recorded enforcement data (McHugh, 2013).

Hypothesis 6: 
H₀: There is no significant relationship between offender age and the time of day that the offence was committed.
H6: There is a significant relationship between offender age and the time of day that the offence was committed.
The relationship between the variables of “Age” and “Offence Time” is examined. Age is treated as a continuous variable, and Offence Time was converted to a numerical measure, and the time hour was used. While Pearson correlation was used for this analysis, it is acknowledged that with Offence Hour being a time variable and time being cyclical, for example, 23:00 and 00:00 being close despite being numerically far apart, the time in which FPNs are issued in this dataset are all between the times of 07:00 - 19:00 therefore hypothesis testing was deemed appropriate. Wasko et al. (2020, p.4) suggest that “If a circular variable does not extend around the circle, it can be linearized without great error.”

	Summary
	 

	Pearson's correlation
	-0.100399442

	p-value
	0.920143468

	Decision
	Fail to Reject H₀



Pearson’s correlation coefficient indicated a weak negative linear relationship, resulting in a not statistically significant relationship. As a result, there is insufficient evidence to reject H₀.



These results provide no evidence of a statistically significant linear relationship between an offender’s age and the recorded hour of the offence; accorrdingly, this weak negative correlation should not be interpreted as evidence of a meaningful relationship between age and offence time.

Results
The study utilised descriptive analysis to examine the demographic and contextual characteristics of the 178 paid FPN records followed by inferential analysis to explore the relationships specified in the hypotheses.
Most of the dataset was comprised of male records (77%) and most recorded offences occurred on public land (87.1%). The highest monthly numbers of paid FPN records were October and November (28 and 25 FPNs respectively), while the quietest months were July and August with 9 payments each. Of the non-smoking-related litter, the most frequently recorded was “Other Litter” with the remaining categories being across a range of more specific offences. This suggests there is a substantial variation within the non-smoking-related offences within the dataset, however the broad classification of “other” limits the interpretation of the records in detail.
To examine whether the offender’s gender was associated with the type of land on which the offence occurred, a Pearson chi-square test of independence was used, as both variables were categorical, and the analysis was to examine if their distribution was independent (McHugh, 2013). The results suggested a statistically significant association between gender and type of land, with male records predominantly associated with public land (91% of male records vs 76% of female records), compared to private land records (9% of the male records vs 24% of female records). Cramér’s V was .187 which indicated a relatively small association between variables.
A Pearson chi-square test of independence was also used to examine the association between the type of land on which a FPN was issued and whether the paid FPN had been handed to the offender at the time of the offence or later sent in the post. A statistically significant association was identified and a Cramér’s V of .397. 52% of paid FPNs were recorded as having been handed to the offender on private land, compared with only 10% on public land. However, as one expected cell frequency was 3.49, below the expected frequency, this result should be interpreted with caution (McHugh, 2013).
An independent t-test also found no statistically significant difference in mean age between female and male offenders, with the difference between the two mean ages being approximately 3.39 years. The null hypothesis of no difference in mean age was therefore not rejected.
There was no statistically significant association either between offender gender and whether the FPN was handed to the offender, with 17% of female offenders recorded as having been handed their FPN, and 15% of male offenders recorded as being handed theirs.
A chi-square test was used to assess the non-smoking related instances, and whether the records were distributed equally across the recorded offence categories. The distribution differed significantly from an equal distribution with “Other Litter” accounting for 43% of the non-smoking related records. However, this equal-distribution model represents a statistical benchmark rather than suggesting that an equal distribution would be expected in a dataset from the wider population (Shepardson et al., 2021; Hand, 2018).
The final test to examine the relationship between the offender’s recorded age and the time of the offence by hour included 173 records with usable values for both variables. There was a weak correlation, negative r = -.100, and the result was not statistically significant with p =.92. There was no evidence of a statistically significant linear relationship between the offender’s age and the time of offence. The time of day is inherently cyclical, however the recorded offence times in this dataset were restricted to 07:00 to 19:00. Nevertheless, the analysis should be interpreted cautiously because of this (Wasko et al., 2020).

Discussion
While the findings identified associations within the 178 paid FPN records, the strength and statistical significance of the relationships varied. The statistical significance between offender gender and type of land, and between the type of land and whether an FPN was handed to the offender or not were most significant. Conversely, there was no statistically significant difference in the mean age between male and female offenders, and there was no meaningful association between offender gender and if the FPN was handed to the offenders either.
A significant association between the offender’s gender and the type of land on which the FPN was issued indicates the distribution of paid FPN records differed according to gender and land type. While male records were more concentrated on public land, the female records represented a larger proportion of records on private land. However, a relatively small association was found using Cramér’s V (.187). This means that statistical significance should not be interpreted as evidence of a substantial relationship and that an association within the records does not mean that gender determines where littering occurs (Kearney, 2017). Factors including location characteristics may also contribute to the observed distribution, for example.
There was a stronger association between the type of land and whether the FPN was handed to the offender, however. Paid FPNs on private land were significantly more likely to have been handed to the offender than those on public land. Cramér’s V value of .397 suggests a stronger association the relationship between gender and type of land. However, there is not enough information in the dataset to explore why this pattern occurs and there are numerous reasons that could explain the pattern (Kearney, 2017). For example, differences in enforcement procedures, characteristics of the offence locations, or other operational factors affecting the enforcement officers.
Furthermore, one expected cell contained 3.49 cases which means that the assumptions underlying the usual Pearson chi-square approximation were not totally satisfied. This means the interpretation of findings is limited (McHugh, 2013). As suggested by McHugh (2013), until a Fisher’s exact test is conducted, the findings should be interpreted with caution rather than as being definitive.
There was little evidence of an association between offender gender and if the FPN had been handed to the offender, with similar proportions between male and female records (15% and 17% respectively). With a non-significant p-value of .698, the difference observed was minimal and provides little evidence to support that an offender’s gender affects whether they are handed a FPN or not. There was also no evidence to suggest a statistically significant difference in mean age between male and female offenders; however, the mean age of male offenders was approximately 3.39 years older than the recorded female offenders. The observed difference should not be interpreted as evidence of a gender difference in the age of individuals issued with an FPN.
There is also no statistically significant relationship between offender age or the time of offence. The correlation was weak and negative (r = -.100) and p-value was .92. This suggests that the offender’s age does not influence the offence times within the dataset. However, interpretation is limited because of the time of day’s hour numerical value due to time being cyclical. The restriction of the recorded offences being between 07:00 – 19:00 reduces this methodological consideration (Wasko et al., 2020).
The chi-square test confirmed that the categories of non-smoking-related offence types were not evenly distributed. “Other Litter” represented 43% of non-smoking-related offences, but this result should not be interpreted as demonstrating that “Other Litter” is the most common type of litter, or paid for enforcement penalty, within the wider population. The purpose of the analysis was to assess whether the observed records differed from an equal distribution across the remaining paid offence categories, and not to estimate its prevalence among the population. Its broad categorisation also suggests it contains different types of litter that could conceal meaningful patterns that could have identified more specific categories for recording purposes in future (MacCallum et al., 2002).
Broad categories in datasets also demonstrate a limitation of using administrative data for secondary research. The records are usually created for operational and administrative purposes rather than to provide a specifically designed dataset for research (Connelly et al., 2016). The available variables could theoretically restrict the questions that could be reliably examined and the findings interpreted in the context of the original administrative records.
Other findings that should cautiously interpreted include that 77% of the paid FPNs recorded involved male offenders. This does not necessarily mean that male individuals are more likely to litter, or more likely to pay an FPN, than females. The dataset is restricted to paid FPN records rather than a complete record of all littering incidents, therefore differences in recorded amounts could reflect patterns of observed behaviour or recording practices, or any other factor, that the dataset did not capture (MacCallum et al., 2002; Connelly et al., 2016).
All 178 records of paid FPNs were used for the analysis rather than only a sample. This means that the analysis provides a description of the complete dataset rather than a sample estimate. This still does not make the findings representative of the wider population as the dataset consists of paid littering FPNs only. Findings cannot be generalised to all people who litter, all FPNs issued, or general littering behaviour.
The findings demonstrate the value of combining descriptive statistics with inferential tests when examining administrative data (Hand, 2018). The analysis demonstrates statistically significant associations between some variables, especially between the type of land and whether the FPN was handed to the offender. Other hypotheses however were not supported. Nevertheless, the results show associations within the dataset rather than causal relationships or population-level patterns of behaviour.

CONCLUSION
This study examined patterns within a dataset of paid littering Fixed Penalty Notices (FPNs), focusing on offender demographics, enforcement practices, type of land, and offence characteristics. The findings demonstrate that quantitative analysis can provide insight into patterns of littering enforcement and identify relationships between variables (Dur & Vollaard, 2019; Llywodraeth Cymru, 2019). While a statistically significant association was identified between offender gender and type of land, the effect size was small. A stronger association was found between type of land and if the FPN was handed to the offender; FPNs recorded as issued on private land were more likely to have been handed to the offender than those on public land. There was no statistically significant association identified between offender gender and whether the FPN was handed to the offender, nor between offender age and offender gender.
The findings of the study suggest that littering enforcement patterns are influenced by the context in which offences are recorded rather than being consistently explained by individual demographic characters. The findings should still be interpreted with caution as the dataset of paid FPNs should not be considered as representative of all littering incidents or used to establish population prevalence. Additionally, using administrative datasets also limits the ability to establish causality (Hand, 2018). Nevertheless, the study demonstrates the value of statistical analysis to evaluate enforcement data and provides a basis for further research using larger or more comprehensive datasets.
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Chart 1: Distribution of Paid Littering FPNs by Gender and Type of Land

Female	Private	Public	0.24390243902439024	0.75609756097560976	Male	Private	Public	9.4890510948905105E-2	0.9051094890510949	
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Chart 2: Proportion of paid FPNs that were Handed to Offenders by Gender

Female	No	Yes	0.82926829268292679	0.17073170731707318	Male	No	Yes	0.85401459854014594	0.145985401459854	
Was the FPN handed to the offender at the time of the offence? 
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