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ABSTRACT 
The Eco Unity Intelligent platform is an AI-driven web application designed for smart waste management and community cleanliness, aiming to inspire collective action and foster a culture of environmental stewardship.
The project addresses the significant problem of littering in public spaces, which is often enabled by individual indifference and insufficient proactive measures from authorities. Furthermore, existing waste management applications typically adopt a passive approach, lacking robust community engagement, real-time coordination, and AI-driven mechanisms to drive substantial behavioural change. To overcome these challenges, the project’s objectives include designing and implementing gamification features (e.g., badges and leaderboards) to sustain engagement, integrating AI-driven chatbots to support user coordination, and learning assistant support.
The system was developed using an Agile, user-centred development methodology, which emphasises iterative progress and continuous stakeholder feedback through short sprints. The application’s technology stack utilises HTML, CSS, and JavaScript for the responsive front end, PHP for server-side logic and authentication, and MySQL, implemented via MariaDB, for robust data storage.
Key findings confirm that the platform’s core functionalities operate successfully, including user registration and login, voluntary event registration, and the photo submission feature, which automatically calculates corresponding scores. The testing verified the gamified rewards system and the chatbot’s ability to provide relevant assistance. The project establishes a sustainable framework that leverages intelligent features and community participation to promote environmental awareness and accountability.
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1.0 [bookmark: _Toc215146483]INTRODUCTION
[bookmark: _Toc215146484]1.1 Background
Effective waste management is a vital element of a sustainable lifestyle [1]. However, it continues to present significant challenges for communities. Municipal solid waste has grown by 30%- 50% over the last 15 years. It is expected to reach 2.89-4.54 billion tons by 2050. Almost a third of this total waste is not managed in an environmentally sustainable way [2]. This includes littering in public spaces, which contributes to environmental degradation by contaminating air, water and soil, as well as releasing greenhouse gases [3]. 
Digital technologies and computing are increasingly intersecting with waste management to address these challenges. Smart waste bins equipped with sensors can monitor fill levels and optimise collection routes, reducing fuel consumption and emissions [4] , [5]. Data analytics and AI-driven platforms help municipalities predict waste generation trends and improve recycling rates [6]. Blockchain technology is also being explored to track waste streams and ensure transparency in recycling processes [7]. These innovations not only improve operational efficiency but also support circular economy models by enabling better resource recovery.
Despite technological advances, human behaviour remains a critical barrier. People often litter or avoid using bins due to convenience, lack of awareness, or insufficient engagement [8]. Behavioural studies suggest that factors such as perceived cleanliness, social norms, and the accessibility of disposal facilities strongly influence waste-disposal habits [9]. For example, if bins are poorly placed or overflowing, individuals are more likely to improperly discard waste. Engagement strategies such as gamification, community incentives, and educational campaigns can help shift attitudes and encourage responsible waste practices [10].

[bookmark: _Toc215146485]1.2 Problem Statement
Garbage strewn across streets and public spaces, such as parks and playgrounds, presents an increasingly troubling issue, especially in an era where advanced technologies offer solutions to our waste management challenges. One significant contributing factor to this problem is the lack of attention from state authorities, who could take proactive measures to alleviate the situation. This includes the strategic installation of garbage bins in areas where littering is prevalent and the formulation of clear regulations to encourage civic responsibility among the population.
Moreover, raising awareness about the consequences of littering is crucial for fostering a culture of cleanliness and respect for our environment. The presence of trash not only detracts from the aesthetic appeal of our surroundings but also has several detrimental effects, including adverse impacts on mental well-being, potential health risks to the community, and harm to local wildlife and ecosystems. It is disheartening to realise that even with garbage bins available, many individuals still find it difficult to take the extra few steps to dispose of simple items like chocolate wrappers or sandwich bags. This behaviour sets a poor example for the younger generation, who are impressionable and often look to their elders for guidance.
Another significant aspect of this issue is the pervasive indifference individuals show toward litter in public spaces. Many people acknowledge the problem and are aware of its negative repercussions, but often adopt a passive mindset, thinking, "This doesn't concern me" or "I didn’t create this mess, so why should I clean it up?" While the implementation of surveillance cameras and the enforcement of fines may deter some littering behaviours, these measures alone are insufficient to create lasting change.
In addition to the pressing social and environmental issues at hand, there is a significant technical gap in the current waste management solutions. Most existing applications tend to adopt a passive approach, primarily focusing on reporting waste-related problems or delivering static, often outdated, information to users. These platforms frequently fall short in offering robust interactive community features that could foster engagement, as well as lacking effective real-time coordination tools essential for organising collective efforts. 
Moreover, the absence of AI-driven mechanisms for user engagement significantly hinders their ability to sustain ongoing participation in environmental initiatives. Few platforms leverage advanced algorithms to optimise volunteer events, tailor experiences to individual users, gamify eco-friendly actions to enhance motivation, or furnish personalised educational content that speaks directly to users' interests and needs. This critical gap not only restrains these applications' ability to galvanise community involvement but also limits their effectiveness in driving substantial behavioural change and collective action on a broader scale.
In response to these challenges, the Eco Unity Intelligent project aims to serve as an innovative web application that inspires collective action, establishes a culture of responsibility and stewardship of our shared environment, and encourages awareness and accountability for waste management practices. This will be achieved through AI-assisted coordination, volunteer events, waste reporting, gamified participation, and interactive environmental education.
The Eco Unity Intelligent platform serves a diverse group of users focused on improving environmental conditions and promoting sustainability. Primary users include residents dedicated to cleaner neighbourhoods, volunteers and community groups engaged in environmental initiatives, and students involved in sustainability education. These users drive the platform's engagement by participating in activities like litter collection, awareness campaigns, and reporting waste-related issues.
In addition to these primary users, the platform also involves secondary stakeholders who play a crucial role in supporting and amplifying its impact. Local councils and municipal authorities play a key role in policy implementation and resource allocation, while waste management companies provide the necessary operational support for effective waste disposal and recycling. Together, these stakeholders create a collaborative ecosystem that achieves the platform's objectives through grassroots participation and institutional support.
Unlike existing waste management apps, which are often too passive and lack community-driven features, Eco Unity Intelligent integrates AI for real-time coordination, gamification for sustained engagement, and interactive education to influence behaviour. This combination creates a dynamic ecosystem that not only addresses littering but also builds a culture of environmental stewardship.
[bookmark: _Toc215146486]1.3 Aims & Objectives 
The project aims to design and develop a web application that empowers individuals to actively engage in sustainable waste management, focusing on fostering environmental awareness and promoting collective action. This will be achieved through the implementation of AI-assisted coordination, volunteer events, waste reporting, gamified participation, and interactive environmental education.
Its objectives include:
· Design and implement gamification features (e.g., badges, leaderboards, challenges) to enhance and sustain volunteer engagement.
· Integrate AI-driven chatbot support tools to assist users and improve coordination within the platform.
· Enable visual reporting capabilities, allowing users to upload and view photos of completed tasks to foster transparency and community accountability.
· Develop an intuitive and user-friendly interface that promotes positive user experience and encourages long-term retention.
· Incorporate analytics and feedback mechanisms to identify and reinforce key factors that drive repeat participation in waste cleaning and other environmental efforts.


[bookmark: _Toc215146487] 1.4 Scope of the Project
The Eco Unity Intelligent project, which includes a web application, will offer features such as registration and account creation. For security reasons, user account access will be validated using a username and password. Another significant feature of the application is the incorporation of a chatbot to assist users throughout their journey. In addition, the web application offers functionalities such as registration for volunteer events, waste reporting, where users can upload photos of their cleanup efforts, and a gamified rewards system that allows users to track their achievements and compete in a leaderboard, along with interactive educational content and user feedback opportunities, allowing for continuous improvement of the platform based on user input. 
The back-end functionality provides a secure, efficient user experience through strong database integration and achievement management. It includes a secure MySQL connection with error handling, checks and unlocks achievements based on specific criteria, and validates user information for data integrity. User engagement is tracked, milestones are rewarded with badges, and achievements are timestamped. The platform also calculates points for activities to give real-time user rankings and highlight top performers.
The Smart Eco Unity project promotes environmental awareness through its web application, fostering a community committed to a clean, waste-free environment, educating future generations, and strengthening community bonds.
The Eco Unity Intelligent project is subject to several limitations. The web application will encounter constraints in implementing artificial intelligence, particularly regarding chatbots. The integrated chatbot will follow predefined data and workflows, limiting its ability to handle complex requests or adapt to natural language, and it will lack emotional intelligence.
The user interface will have a minimalist design without advanced elements or animations. The web application, in prototype form, will lack advanced security features. Updating educational content and integrating new features will require manual intervention. While a leaderboard exists, gamification will be limited, and more complex components, such as customizable rewards or varied challenges, are not feasible due to time constraints.

[bookmark: _Toc215146488] 1.5 Dissertation Structure 
The document is organised clearly and systematically, beginning with preliminary sections that establish its authenticity and purpose. These include the Declaration of Originality, the Form of Consent, a Copyright Acknowledgement, and an Abstract that provides a concise summary of the project.
The main body of the report is divided into six comprehensive chapters. The first section, Introduction (1.0), sets the foundation by presenting the project’s background, defining the problem statement, outlining objectives, and specifying the scope. It concludes with an explanation of the dissertation structure to guide the reader through the document.
The second section, Literature Review (2.0), critically examines existing research relevant to the topic and serves as a precursor to the Rationale and Research Gap section, which highlights the need for the study and identifies areas requiring further investigation.
The third section, Methodology (3.0), explains the project's approach. It details the system development methodology, the tools and technologies employed, system requirements, and the architecture and design framework. Additionally, it addresses data collection and processing techniques to ensure transparency and reproducibility.
The fourth section, Implementation and Development (4.0), focuses on the practical execution of the project, describing how the proposed solution was built and integrated.
The fifth section, Testing and Evaluation (5.0), assesses the effectiveness of the developed system. It discusses testing strategies, performance evaluation, and presents results alongside an in-depth discussion. This section also considers the broader impact of the project and its potential applications.
The final section, Conclusion and Recommendations (6.0), summarises the key findings and proposes directions for future work, ensuring that the research contributes to ongoing field development.
Supporting sections follow the main content, including a comprehensive list of references and appendices that provide supplementary material. A list of figures and tables is also included to enhance clarity and navigation throughout the document.
Top of Form
Bottom of Form

[bookmark: _Toc215146489]2.0 LITERATURE REVIEW 

Several innovative digital solutions have emerged to address the challenges of waste management and littering.
In 2022 [11], an Augmented Reality (AR) mobile application was developed. This app helps users separate waste by scanning products and includes gamification features, such as a community tree-planting account, to enhance motivation. Despite high user acceptance, the study identified several limitations, including a small participant group, brief interaction time, and the use of QR codes instead of actual product barcodes, highlighting the need for a real-world application and long-term assessment.
In 2021 [12] an Android-based waste education app was developed. This application, created using the ADDIE model, provides comprehensive information on waste regulations, materials, and processing through engaging text, images, and videos. Experts and users rated it as highly feasible and very usable. A key limitation noted was its offline-only functionality, with plans for online access in the future.
A Mobile Application Framework for Waste Recycling was proposed in 2020 [13]. This framework outlines a layered architecture for a recycling app, designed to include waste segregation rules and a "trash-to-store" reward system. The provided sources describe the conceptual design but do not detail its real-world implementation or user evaluation.
In 2021 [14] DoItRight, an Arabic Gamified Mobile Application targeting children aged 5-13, was developed to raise awareness about littering. The app utilises game levels, points, rewards, and educational videos to teach proper waste disposal. It achieved a high System Usability Scale (SUS) score of 93.25, indicating excellent usability. Future work aims to expand its content and integrate real-world location features.
Finally, in 2021[15] Ciudad Limpia Valdivia was launched, a mobile and web application that addresses Valdivia's waste collection issues by improving communication between users and service providers, offering educational materials, and enabling reports of illegal dumping. A key limitation is the underestimated complexities in historical route data due to inconsistent formats and insufficient GNSS recording frequency.
The discussed existing solutions demonstrate innovative approaches to waste management; however, their inherent limitations underscore the necessity for incorporating additional components. These may include artificial intelligence-driven chatbots, interactive educational content, and active community engagement initiatives.
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[bookmark: _Toc215141181]Figure 1.  A comparison table of existing solutions alongside the proposed solution





[bookmark: _Toc215146490]2.1 Rationale and research gap
Upon analysing the table presented (Figure 1), it is evident that the existing solutions do not integrate an AI chatbot capable of providing adequate user support within a 24-hour timeframe. Furthermore, not all solutions incorporate a reward system, which is crucial for motivating users in volunteer cleaning initiatives [16]. While many of these solutions prioritise educational components, which are indeed vital, there is a notable lack of practical implementation in real-world scenarios. This deficiency significantly undermines the overall efficacy of the solutions and their potential impact on society, the environment, and education.

[bookmark: _Toc215146491]3.0 METHODOLOGY 
[bookmark: _Toc215146492]3.1 System Development Approach 
The Eco Unity Intelligent Project adopts an Agile, user-centred development methodology, which is particularly well-suited to fostering community engagement and ensuring adaptability in a dynamic environment. Unlike traditional waterfall approaches, Agile is a modern software development approach that emphasises iterative progress, continuous feedback, and close collaboration with stakeholders. Rather than following a rigid, linear process, Agile promotes short development cycles known as sprints, during which specific features or improvements are designed, implemented, tested, and reviewed [17].
This methodology provides key advantages for the Eco Unity Intelligent Project. Agile supports incremental development, enabling the team to deliver functional components early and frequently. This ensures that users and community stakeholders can begin interacting with the platform from the outset, providing valuable feedback that informs future iterations [18].  Such responsiveness to user input is critical in a project that prioritises community involvement and environmental action.
Agile excels in managing evolving requirements, allowing development teams to quickly adapt systems as community needs shift or new opportunities arise. This flexibility is crucial for platforms with diverse features, such as event registration, gamified rewards, educational content, and chatbot assistance, which may need to evolve based on user feedback.
Moreover, the user-centred approach of Agile keeps the development process focused on delivering meaningful experiences, making the integration of Agile methodologies with User-Centred Design (UCD) increasingly important [19]. Users are seen not just as consumers but as vital contributors to the iterative development cycle. 
Involving users in testing and decision-making during sprints allows the project to identify usability issues early and improve the interface for better accessibility and engagement. [20]. Iterative refinement creates a more intuitive user experience, essential for encouraging ongoing participation in environmental initiatives.
In the context of this project, sprint planning is a foundational activity in the Agile development lifecycle, ensuring that each phase of work is clearly defined, achievable, and aligned with the system's overall goals. The project involves multiple integrated features—such as user account management, event registration, photo submission, gamification, educational content, chatbot assistance, and feedback mechanisms—that require coordinated development and testing.
Sprint planning starts with reviewing the product backlog, prioritising features based on user value and technical feasibility. Early sprints will focus on core functionalities like user registration, event registration, and photo submission, which are crucial for user engagement and data collection.
Each sprint focuses on user stories that outline specific functionalities. For instance, a user story could say: “As a participant, I want to register for a cleaning event to contribute to environmental efforts.” During sprint planning, the team breaks these stories into tasks, estimates the effort needed, and assigns roles.
The planning process also includes defining the sprint goal, which provides the team with a clear focus. Early sprints focus on creating a prototype of the user journey from registration to event participation, while later sprints will add gamification, educational modules, and chatbot integration.
Testing and validation occur in each sprint, with usability testing and simulated user interactions scheduled alongside development. Metrics like task completion time, error rates, and user satisfaction are continuously collected to guide future iterations.
Sprint planning also accounts for dependencies between modules. For example, the photo submission feature depends on the event registration system being operational. Similarly, the gamified rewards system relies on accurate point allocation from photo uploads and quiz completions.
At the end of each sprint, the team reviews progress, gathers feedback, and refines the backlog. This iterative approach ensures the system evolves to meet real user needs, resulting in a robust, user-centred platform.
In summary, Agile provides the Eco Unity Intelligent Project with a robust framework for building a responsive, inclusive, and effective platform. Its emphasis on collaboration, adaptability, and continuous improvement aligns perfectly with the project's mission to empower communities through intelligent, user-driven technology.

[bookmark: _Toc215146493] 3.2 Tools & Technologies
The Eco Unity Intelligent Project is a multifaceted web-based application that integrates a range of advanced technologies to deliver a dynamic and interactive user experience. Its architecture is built upon a combination of front-end, back-end, database, and design tools, each selected to fulfil specific functional requirements such as AI chatbot integration, gamification, image processing, user account management, event registration, feedback collection, and visual branding.
The platform's user interface is developed using HTML, CSS, and JavaScript, ensuring the application is responsive, visually appealing, and interactive [21]. HTML provides the structural foundation of the web pages, CSS is used to style and layout the content, while JavaScript enables dynamic behaviour such as form validation, interactive elements, and real-time updates [22]. To facilitate data exchange between the client and server, JavaScript Object Notation (JSON) is employed. JSON is a lightweight, efficient format for transmitting structured data, particularly useful in asynchronous JavaScript. This has transformed the web from a static, read-only format to a dynamic, interactive experience. While HTML defines content, CSS defines style, and JavaScript controls application behaviour, enabling manipulation of both HTML and CSS. This makes JavaScript a powerful tool for web development, essential for both client-side and server-side functionality and supported by various frameworks and libraries [21].
On the server side, the application is powered by PHP, a widely used scripting language that handles backend logic, user authentication, data processing, and server-side interactions [23]. PHP is responsible for managing user sessions, processing form submissions, and interfacing with the database [24]. The database itself is built using MySQL [25], implemented using the open-source MariaDB relational database management system. MariaDB offers strong data storage and retrieval, handling complex queries while maintaining data integrity for user accounts, event details, photo submissions, and feedback entries.
Microsoft Visio creates flowcharts to visualise and document the application's main functional processes. These diagrams help developers and stakeholders understand how different components interact, from user registration to event participation and reward allocation. For database design, StarUML is used to generate Entity-Relationship Diagrams (ERDs) that illustrate the relationships among tables, such as users, events, photos, and achievements. This modelling ensures that the database schema is well-structured and scalable.
In terms of branding, Inkscape is used for logo creation. As a vector graphics editor, it enables precise, scalable designs that retain clarity across various screen sizes and resolutions.
These technologies create a cohesive ecosystem that enhances the Eco Unity platform's intelligent features. By integrating AI-driven chatbots, gamified engagement, automated image processing, and educational content delivery, this carefully selected stack of programming languages and tools ensures optimal performance, usability, and a user-friendly experience.
[bookmark: _Toc215146494]3.3 System Requirements 
This section presents the requirements analysis, including functional and non-functional requirements essential to the successful development and operation of the system.
Functional requirements include user registration and profile management. The system will allow for photo uploading and tagging, along with an AI chatbot for assistance and educational purposes. An automated reward system will validate cleanup efforts through points and badges. In addition, the platform will offer quizzes and tutorials on recycling and decorating, allow users to sign up for volunteer events, and provide the opportunity to leave feedback.
Non-functional requirements delineate the operational characteristics of a system. Usability aims to ensure that the system is intuitive and accessible for all users [26]. Scalability is essential for accommodating a growing user base and an increasing volume of data, which includes interactions and updates [27]. Performance is a key consideration, with an emphasis on achieving rapid response times, particularly for photo uploads and chatbot interactions. Security requires robust data encryption, secure authentication, and compliance with GDPR, including unique usernames, strong passwords, and hashed storage to protect against breaches [28]. After authentication, role-based access control (RBAC) will manage user privileges to reduce misuse. Finally, the system will prioritise availability and maintainability for smooth updates and enhancements.

[bookmark: _Toc215146495] 3.4 System Architecture & Design
The Eco Unity Intelligent platform utilises a modular three-tier architecture for scalability and maintainability (Figure 2)[29]. The Data Layer defines the MySQL database schema, while the Business Logic Layer, built in PHP, manages user authentication, session management, quiz functionality, and leaderboard updates. The Presentation Layer provides a user-friendly interface with HTML templates for the dashboard, chatbot, and forms, backed by static CSS and JavaScript assets for consistency and interactivity. This architecture promotes effective data management and a responsive user experience, with room for future improvements.
The Eco Unity intelligent platform, as depicted in Figure 3, provides a structured navigation flow, with an AI chatbot for user assistance. Users start by registering or logging in. After a successful login, the home page displays a navigation bar with options like Events, Rewards, Learning, Report, and Feedback. The Learning page includes a chatbot for educational support, also accessible from the home page. Users can log out after completing their tasks, ensuring a smooth experience.
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[bookmark: _Toc215141182]Figure 2. Tree- tyre Architecture System of the Eco Unity Intelligent Web Application
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[bookmark: _Toc215141183]Figure 3. Flow Chart of the Home page and navigation options to Events, Report, Rewards, Learning, and Feedback pages of the Eco Unity Intelligent Web Application


[bookmark: _Toc215146496] 3.5 Data Collection & Processing 
Data Collection Method
To assess the system's overall performance and user experience, a comprehensive data-collection methodology has been developed. This methodology combines simulated testing environments with real-user evaluations to ensure the Eco Unity Intelligent web application is tested under realistic, controlled conditions.
The methodology involves collecting data from three primary categories: quantitative metrics, qualitative feedback, and interaction logs. Quantitative data includes timestamps for task initiation and completion times, error counts capturing the frequency and type of issues encountered, quiz scores measuring accuracy and completion rates for educational modules, and gamification indicators such as badge unlocks and point accumulation. Qualitative data is gathered through user comments and feedback forms, which are subsequently analysed and categorised into sentiment groups such as positive, negative, and suggestions. Interaction logs provide deeper insights into user behaviour by tracking navigation patterns through click paths and recording chatbot transcripts to evaluate conversational accuracy and relevance.
Data collection begins with simulated user interactions designed to replicate typical behaviours such as registration, login, event sign-up, photo uploads, and engagement with educational content. These simulations help identify usability issues and assess system responsiveness under normal usage conditions. Controlled usability testing complements this process by assigning participants specific tasks while observers record key performance indicators, including task completion time, success rate, error frequency, and user satisfaction. Targeted usability testing focuses on critical user flows, such as registration, event sign-up, and photo upload. 
Additional evaluations include chatbot performance testing, where common queries such as “How to recycle efficiently?” are simulated to assess response accuracy, relevance, and latency. The robustness of the event registration system is tested through event registration simulations, where multiple users attempt to register for the same event simultaneously, validating the system’s scalability and edge-case handling. Photo submission features are tested by uploading images in various formats and sizes to measure upload success rates, processing times, and the accuracy of automated point allocation. The effectiveness of the platform’s educational content is assessed through educational tutorial assessments. Users engage with quizzes and videos, and their performance is measured through quiz accuracy, completion rates, and time spent on content. These outcomes help determine the clarity and engagement level of the learning materials. To gather qualitative insights, user feedback simulations are implemented. Users submit ratings and comments, which are then analysed for sentiment and categorised into positive, negative, and suggestion categories. This helps identify areas for improvement and gauge overall user satisfaction.
Finally, gamification effectiveness is examined by tracking badge unlocks, leaderboard activity, and point accumulation to determine how these elements influence user engagement and retention.
Once collected, data undergo systematic processing and analysis. Quantitative data is aggregated and analysed using statistical methods to identify trends in performance and efficiency. Qualitative feedback is subjected to sentiment analysis and thematic categorisation to highlight common issues and areas for improvement. Interaction logs are visualised through heatmaps and flow diagrams to detect navigation inefficiencies, while chatbot transcripts are evaluated for conversational effectiveness and accuracy.
Ethical and privacy considerations are integral to this methodology. All user data is anonymised prior to analysis to protect personal identities, and participants in usability tests provide informed consent. Data is stored securely and used exclusively for research and system enhancement purposes, in full compliance with GDPR and institutional ethical guidelines.







[bookmark: _Toc215146497]4.0 IMPLEMENTATION & DEVELOPMENT
[bookmark: _Toc215146498]4.1 Database structure
The system was designed using a modular three-tier architecture, with a normalised database structure to avoid data redundancy. Figure 4 shows an Entity-Relationship Diagram (ERD) for a gamified user engagement and rewards system.
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[bookmark: _Toc215141184]Figure 4. ERD diagram of the structure of the database of the Eco Unity Intelligent Web Application

[bookmark: _Toc215146499]4.2 Backend Development 
The db_connect.php file (Figure 5) establishes a connection to the MySQL database (eco_unityIntelligent.sql) and facilitates various data operations, including data storage and retrieval. This file implements robust error handling and checks for character set, connection state, SQL mode, and time zone to increase reliability. Applying traditional SQL mode and a consistent time zone ensures predictable query behaviour and data integrity. Maintaining data integrity and security is accomplished by validating user input on both the client and server sides to prevent malicious input (Figure 6). SQL injection threats are addressed with prepared statements via PDO, while XSS risks are minimised with custom HTML escaping and sanitisation functions (Figure 7), (Figure 8). File uploads are protected by type validation, size limits, and secure storage (Figure 9). These precautions are essential for all CRUD operations, including user registration and data modifications.
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[bookmark: _Toc215141185]Figure 5. PHP Scripts of the Eco Unity Intelligent Web Application: Connection to the database
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[bookmark: _Toc215141186]Figure 6. PHP Scripts for the validation of user credentials
[image: A screen shot of a computer program
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[bookmark: _Toc215141187]Figure 7. PHP Scripts of the Security Implementation: SQL injection prevention
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[bookmark: _Toc215141188]Figure 8. PHP Scripts of the Security Implementation: XSS Protection
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[bookmark: _Toc215141189]Figure 9. PHP Scripts of the File Upload Security: Type validation, size limits
[bookmark: _Toc215146500]4.3 Frontend Development 
The front-end development of the Eco Unity web application follows modern web standards, with a focus on progressive enhancement for an accessible, responsive user experience. The pages of the Eco Unity Intelligent web application are built on a semantic HTML5 structure, which ensures clarity for users. CSS3, with Flexbox and Grid layouts, provides a responsive design on all devices. Interactivity is facilitated by standard JavaScript, allowing dynamic functions while maintaining performance (Figures 10……27).


· Registration & Login pages screenshots
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[bookmark: _Toc215141190]Figure 10. User Interface of the User Registration page              Figure 11. User Interface of the User Login Page








· Home page screenshots
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[bookmark: _Toc215141191]Figure 12. User Interface of the Home Page: Photo Gallery of the Cleanup Voluntary Events
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[bookmark: _Toc215141192]Figure 13. User Interface of the Home Page: News and Chatbot Assistance

· Events page screenshots
[image: A screenshot of a website

AI-generated content may be incorrect.]
[bookmark: _Toc215141193]Figure 14. User Interface of the Events page: Upcoming Events
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[bookmark: _Toc215141194]Figure 15.  User Interface of the Events page: Upcoming Events details
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[bookmark: _Toc215141195]Figure 16. User Interface of the Events page: Registration Event Form


· Learning page screenshots
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[bookmark: _Toc215141196]Figure 17. User Interface of the Learning page
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[bookmark: _Toc215141197]Figure 18. User Interface of the Learning page: Step-by-Step for creating a decorative item
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[bookmark: _Toc215141198]Figure 19. User Interface of the Learning page: Video links for more Recycling Tips 
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[bookmark: _Toc215141199]Figure 20. User Interface of the Learning page: Interactive Quiz
· Report page screenshots
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[bookmark: _Toc215141200]Figure 21. User Interface of the Report page: Upload Photo Evidence
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[bookmark: _Toc215141201]Figure 22. User Interface of the Report page: Insert activity details of the cleaning-up event


· Rewards page screenshots
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[bookmark: _Toc215141202]Figure 23. User Interface of the Rewards page
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[bookmark: _Toc215141203]Figure 24. User Interface of the Rewards page: Achievement section
[image: A screenshot of a shopping list

AI-generated content may be incorrect.]
[bookmark: _Toc215141204]Figure 25. User Interface of the Rewards page: Rewards Shop section
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[bookmark: _Toc215141205]Figure 26. User Interface of the Rewards page: Leaderboard section





· Feedback page screenshots
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[bookmark: _Toc215141206]Figure 27. User Interface of the Feedback page form
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[bookmark: _Toc215141207]Figure 28. User Interface of Feedback page: View all Feedback section


· Chatbot page screenshot
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[bookmark: _Toc215141208]Figure 29. User Interface of the Chatbot page of the Eco Unity Intelligent Web Application

[bookmark: _Toc215146501]4.4 Challenges faced & Solutions implemented.
One of the challenges in developing Eco Unity Intelligent was integrating multiple functions into a coherent platform. This combines components with unique data needs that share resources, such as databases and APIs. This interdependence can lead to data inconsistencies and system errors. An entity-relationship diagram (ERD) was created to structure the database architecture and clarify how entities relate to each other. In addition to the ERD, validation mechanisms were implemented to guarantee data integrity and system reliability. 
Source code Appendix C





[bookmark: _Toc215146502]5.0 TESTING & EVALUATION

[bookmark: _Toc215146503] 5.1 Testing Strategies
 Function 1: User Account Management (Register/Login)
This test case verifies the Eco Unity Intelligent platform's authentication by ensuring a new user can register and log in. After registration (Figure 30), the user data are stored in the database (Figure 31). The user can then log in and access the web application pages (Figure 32). Figure 33-34 shows the database entry for the user, confirming data integrity. This test case is essential for validating user registration and login, which are necessary for accessing other platform features.
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[bookmark: _Toc215141209]Figure 30. Test Case of User Registration and Login
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[bookmark: _Toc215141210]Figure 31. Test Case of User Registration and Login: User registration data stored in the database
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[bookmark: _Toc215141211]Figure 32. Test Case User Registration and Login: Successful login to the Eco Unity Web Application - Home Page
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[bookmark: _Toc215141212]Figure 33. Test Case User Registration and Login: PHP Scripts for the registration functionality
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[bookmark: _Toc215141213]Figure 34. Test Case User Registration and Login: PHP Scripts of the Login functionality


Function 2: Event Registration (Voluntary Cleaning Event)
This test case verifies that a logged-in user can successfully view available volunteering events and register for one (Figure 35). It ensures that the event registration process works correctly and that the data is stored in the database (Figure 36). Figure 37 displays the PHP code handling the registration process. It inserts the event details into the registered_event table and redirects to the success page if the query executes successfully. This test case validates event registration functionality, essential for user engagement in community clean-ups, while ensuring data integrity.
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[bookmark: _Toc215141214]Figure 35. Test Case of the Event Registration
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[bookmark: _Toc215141215]Figure 36. Test Case of the Event Registration: Results of the Event Registration data stored in the database
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[bookmark: _Toc215141216]Figure 37. Test Case of the Event Registration: PHP Scripts of the register event functionality

Function 3: Photo Submission with Automated Points
This test case verifies that a registered user can successfully upload “Before” and “After” cleanup photos, provide activity details, and submit evidence (Figure 38). Upon successful submission, the system should automatically award points and store the points in Local Storage (Figure 39).
This test ensures that when a registered user uploads “Before” and “After” photos for a cleanup activity and submits the required details, the application updates the appState object stored in Local Storage (Figure 40). Points are allocated based on achievement definitions in the code snippet, with milestones such as the first upload and multiple uploads triggering specific achievements (Figure 41). 
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[bookmark: _Toc215141217]Figure 38. Test Case of the Evidence photo and activity details submission 
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[bookmark: _Toc215141218]Figure 39. Test Case of the Evidence photo and activity details submission: Achievements unlocked and points awarded
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[bookmark: _Toc215141219]Figure 40. Test Case of the Evidence photo and activity details submission: Updated results
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[bookmark: _Toc215141220]Figure 41. Test Case of the Evidence photo and activity details submission: JavaScript Scripts of the photo upload system functionality



Function 4: Gamified Rewards System (Achievements, Leaderboard)
This test case verifies the rewards system (Figure 47), ensuring that earned points are accurately displayed in the achievements section and the leaderboard, and that redemption options are available based on accumulated points (Figures 42, 43). Achievements and leaderboard updates occur in real time, with success notifications for the user (Figure 44). Upon navigating to the rewards page, current points and unlocked achievements (such as First Steps and Event Beginner) are displayed, along with available green reward options (Figure 45). The leaderboard updates dynamically to reflect the user's rank among participants (Figure 46).
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[bookmark: _Toc215141221]Figure 42. Test Case View Achievements & Leaderboard
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[bookmark: _Toc215141222]Figure 43. Test Case View Achievements & Leaderboard: Before Unlocked Achievements
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[bookmark: _Toc215141223]Figure 44. Test Case View Achievements & Leaderboard: Successful message of Achievements Unlocked.
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[bookmark: _Toc215141224]Figure 45. Test Case View Achievements & Leaderboard: Results of Achievements unlocked and the option to redeem points
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[bookmark: _Toc215141225]Figure 46. Test Case View Achievements & Leaderboard: Leaderboard
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[bookmark: _Toc215141226]Figure 47. Test Case View Achievements & Leaderboard: PHP Scripts of the rewards page functionality


 Function 5: Interactive Quiz: Test Your Knowledge
This test case validates that a logged-in user can access and complete an interactive educational quiz (Figure 48). The functionality is implemented using HTML (Figure 49) for the quiz structure and JavaScript for score calculation. The checkQuiz () function retrieves selected answers for three questions, compares them against correct values (Q1 = b, Q2 = c, Q3 = c) (Figure 50), increments the score accordingly, and updates the result in the quizResult element. After submission, the form resets for new attempts, ensuring user interaction, feedback, and integration with the points system.
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[bookmark: _Toc215141227]Figure 48. Test Case of the Interactive Quiz functionality
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[bookmark: _Toc215141228]Figure 49. Test case of the Interactivity Quiz functionality: User Score result
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[bookmark: _Toc215141229]Figure 50. Test Case of the Interactivity Quiz functionality: JavaScript scripts of the quiz function


 Function 6: Chatbot Assistance
This test case checks that the chatbot provides accurate and relevant responses when users seek help via the text input field in the chat window (Figure 51). When the user asks about recycling, the chatbot retrieves predefined responses and displays information on recycling and waste management. Figures 51, 52, and 53 illustrate the chatbot guiding users on recyclable materials and best practices, confirming the feature's functionality.
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[bookmark: _Toc215141230]Figure 51. Test Case of the Chatbot Assistance Queries results
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[bookmark: _Toc215141231]Figure 52. Test Case of the Chatbot Assistance Queries: JavaScript scripts of the chatbot function
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[bookmark: _Toc215141232]Figure 53. Test Case of the Chatbot Assistance Queries: JavaScript scripts of the chatbot responses

 Function 7: Feedback System (Submit & Review)
This test case verifies that users can submit feedback after an event. The feedback feature allows users to share their experience, rate the event, and provide suggestions (Figure 54). After submission, users receive a success message (Figure 55), and the feedback is stored in the database for review (Figure 56). This process ensures accurate capture and accessibility of user input for future reference.
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[bookmark: _Toc215141233]Figure 54. Test Case of the Feedback System
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[bookmark: _Toc215141234]Figure 55. Test case of the Feedback System: Successful message of the feedback submission
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[bookmark: _Toc215141235]Figure 56. Test case of the Feedback System: All Feedback section

[bookmark: _Toc215146504]5.2 Performance Evaluation
The performance evaluation of the Eco Unity web application involved 10 participants to assess its effectiveness in meeting functional and non-functional requirements.
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[bookmark: _Toc215141236]                            Figure 57. Accuracy rate results of the Eco Unity Intelligent Web Application Features

To evaluate the application's accuracy and user satisfaction, observation techniques and a structured feedback survey were used (Appendix C). The survey included questions on usability, responsiveness, user experience, and the User Interface's design. The analysis revealed that the system operates efficiently, achieving an accuracy rate over 90% (Figure 57). User satisfaction ratings were positive, with navigation scoring a perfect 5.0 and the overall design, feedback system, and recommendation probability averaging 4.8 (Figure 58). [image: A graph of a user satisfaction rating
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[bookmark: _Toc215141237]Figure 58. User Satisfaction Ratings of the Eco Unity Intelligent Web Application

Engagement features, including the reward system and gamification, scored 4.7, reflecting strong user engagement. Functional aspects, such as interactive modules and event management, scored 4.3-4.4, indicating room for improvement, while the AI chatbot received a lower score of 3.9. Notably, 100% of respondents found navigation easy, and 70% rated information accessibility as excellent. While the platform excels in design and navigation, the AI chatbot needs improvement, especially in handling complex queries, to enhance the overall user experience.
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[bookmark: _Toc215141238]Figure 59. User Satisfaction Rate of the Eco Unity Intelligent Web Application

[bookmark: _Toc215146505]5.3 Results & Discussion 
Expected outcomes
The anticipated results of the Eco Unity Intelligent web application include the chatbot efficiently answering simple questions about waste management and recycling, and helping users navigate the platform. The photo-based reporting feature will facilitate uploading “before and after” images and automatically calculate the corresponding score. The reward system is expected to work efficiently, providing users with visibility into their accumulated points through a ranking system. In addition, the gamification element is expected to be engaging for users. Moreover, the educational section is expected to operate seamlessly, offering quizzes, recycling tutorials, and innovative strategies for material reuse. In terms of backend functionality, the application will establish a secure connection to a MySQL database, incorporating error handling to ensure stability and provide users with feedback. It will verify and unlock achievements based on predefined criteria while validating user information to maintain data integrity. Additionally, the application will calculate points for activities to generate real-time user rankings and showcase top performers.
[bookmark: _Toc215146506]Impact and potential applications
Users can create an account on the Eco Unity Intelligent web app and navigate to the home page to interact with a chatbot and receive quick support. On the Events page, they can sign up for volunteer events. The Reporting page allows users to upload photo evidence, while the Rewards page provides access to a real-time dashboard with gamified rewards and leaderboards. On the Learning page, users can interact with a chatbot for educational questions and access tutorials and quizzes. Additionally, users can provide feedback on the Feedback page and view all community feedback.

[bookmark: _Toc215146507]6.0 CONCLUSION & RECOMMENDATIONS 
[bookmark: _Toc215146508]6.1 Summary of Findings 
The Eco Unity Intelligent Project aims to enhance waste management through a community platform that incorporates artificial intelligence, gamification, and educational resources. By addressing the limitations of current solutions, the initiative fosters environmental awareness and encourages active participation, especially among younger users. The project seeks to improve waste management practices and empower communities to achieve a cleaner environment, establishing a sustainable framework that promotes public health, recycling, and accountability.
[bookmark: _Toc215146509]6.2 Future Work 
In the foreseeable future, a series of innovative enhancements will be implemented to significantly elevate user engagement and bolster environmental conservation initiatives. A mobile application is planned to provide users with convenient access to all platform features, ensuring seamless interaction while on the move. The chatbot will undergo an upgrade utilising advanced artificial intelligence, facilitating more natural and effective communication while offering personalised assistance tailored to each user's specific needs.
Additionally, a geolocation feature will be integrated to identify areas with significant waste accumulation. These locations will be represented on an interactive map, empowering users to take proactive measures by organising or participating in clean-up events. To cultivate stronger community connections, AI-powered matching algorithms will be employed to recommend individuals and groups with aligned environmental interests, thereby fostering collaboration and amplifying collective impact.
Strategic partnerships with local authorities and businesses will be crucial in validating community-led events. Contributors will receive recognition for their efforts through certificates and a reward system that enables them to redeem points for discounts on shopping, travel, and entertainment. These initiatives are designed to create a more engaging, rewarding, and collaborative experience, thereby motivating users to participate in environmental conservation and community development actively.
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Appendix A: Project Timeline
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[bookmark: _Toc214838103][bookmark: _Toc215141239]Figure 60. Gantt Chart for the Eco Unity Intelligent Web Application


Appendix B: System Architecture & Design
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[bookmark: _Toc214838104][bookmark: _Toc215141240]Figure 61. System Architecture of the Eco Unity Intelligent Web Application with integrated Chatbot Assistance



Appendix C: Implementation & Development
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[bookmark: _Toc215141241]Figure 62. Eco Unity Intelligent System Structure

GitHub link for the source code of the Eco Unity Intelligent Independent Project
https://github.com/NatyG858/waste_management_eco_unity.git
OneDrive link for the source code of the Eco Unity Intelligent Independent Project
waste_management_eco_unity



Appendix D: Survey questions & results
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[bookmark: _Toc214838105][bookmark: _Toc215141242]Figure 63. Survey results: Consent Form
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[bookmark: _Toc214838106][bookmark: _Toc215141243]Figure 64. Survey results: Usability & navigation
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[bookmark: _Toc214838107][bookmark: _Toc215141244]Figure 65. Survey results: Design & Visual Appeal
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[bookmark: _Toc214838108][bookmark: _Toc215141245]Figure 66. Survey results: Feature & Functionality
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[bookmark: _Toc214838109][bookmark: _Toc215141246]Figure 67. Survey results: Feature & Functionality
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[bookmark: _Toc214838110][bookmark: _Toc215141247]Figure 68. Survey results: Performance & Reliability
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[bookmark: _Toc214838111][bookmark: _Toc215141248]Figure 69. Survey results: Content Quality
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[bookmark: _Toc214838112][bookmark: _Toc215141249]Figure 70. Survey results: Engagement & Community
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[bookmark: _Toc214838113][bookmark: _Toc215141250]Figure 71. Survey results: Overall Satisfaction
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[bookmark: _Toc214838114][bookmark: _Toc215141251]Figure 72. Survey results: Open-Ended Question
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PK | activity_id INTEGER(11)
type VARCHAR(250)
points INTEGER(11)
location VARCHAR(50)
rewards user_rewards description TEXT
PK [reward_id | INTEGER(11) Pk [id INTEGER Photo_before | VARCHAR(100
name | VARCHAR(50) FK | user_id INTEGER(11) [l T,Mgsm,\,fp )
description [ TEXT FK | reward_id INTEGER(11) £ a INTEGER(LL
cost INTEGER(11) redeemed_at | TIMESTAMP user_| (11)
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includes > # db_connectphp
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<?php

// MariaDB Database Configuration

$servername = "localhost"”;

$username "root"; // default XAMPP MariaDB username
$password = ""; // default XAMPP MariaDB password
$dbname = "eco_unity_intelligent";

// Create connection with improved error handling

try {
$conn = new mysqli($servernames $username, $password, $dbname);

// set charset for MariaDB
if (1$conn->set_charset("utfsmba")) {
throw new Exception("Error setting charset:

. $conn->error);

// Check connection
if ($conn->connect_error) {
throw new Exception("Connection failed:

. $conn->connect_error);

// Set MariaDB specific settings with error checking
if (1$conn->query("SET SESSION sql_mode = 'TRADITIONAL'")) {
error_log("Warning: Could not set SQL mode: " . $conn->error);

}

if (I$conn->query("SET SESSION time_zone = '+60:00'")) {
error_log("Warning: Could not set timezone: " . $conn->error);

}

} catch (Exception $e) {
error_log("MariaDB connection failed:

. $e->getMessage());

// Return different error messages based on context

if (defined('DOING_AJAX') || isset($_POST) && lempty($_POST)) {
die(json_encode(['success' => false, 'error' => 'Database connection failed']));

} else {
die('<div style="text-align: center; margin-top: 50px;"><h2 style="color: red;">Database Connection Error</h2><p>Unable
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®& register_account.php
<?php
session_start();
ob_start();
include '../includes/db_connect.php';

//Input validation
if (lisset($_POST['username']) || !isset($_POST['email']) || !isset($_POST[ 'password'])) {
die('Missing required fields');

i

$username = trim($_POST['username’]);

$email = trim($_POST['email']);

$password = trim($_POST[ 'password’']);

$user_type = isset($_POST['user_type']) ? $_POST['user_type'] : ‘'user’;

//Validation

if (empty($username) || empty($email) || empty($password)) {
die('Please fill all fields');

}

if (!filter_var($email, FILTER_VALIDATE_EMAIL)) {
die('Invalid email format');
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des > ® config.php
<?php
// Database Configuration for Eco Unity Intelligent Prototype
class Database {
private static $connection = null;

public static function connect() {
if (self::$connection null) {
try {
self::$connection = new PDO(
‘ ‘mysql:host=localhost;dbname=eco_unity_intelligent;charset=utf8mb4",
‘root', // Change username

S // Change password
[

PDO: :ATTR_ERRMODE => PDO::ERRMODE_EXCEPTION,

PDO: :ATTR_DEFAULT_FETCH_MODE => PDO::FETCH_ASSOC,

PDO: :ATTR_EMULATE_PREPARES => false,

PDO: :MYSQL_ATTR_INIT_COMMAND => “SET NAMES utf8mb4 COLLATE utf8mb4_unicode_ci"
]

)s

‘ } catch (PDOException $e) {
error_log("Database connection failed: . $e->getMessage());
die(json_encode(['error' => 'Database connection failed: ' . $e->getMessage()]));

}

return self::$connection;
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sessionWelcome">

<?php

if (isset($_SESSION['sid']) && isset($_SESSION['user_id'])) {

echo "<span style='color: #e5ffd5ff; ' >Welcome, " . htmlspecialchars($_SESSION['sid']) . "!</span>";
} else {

echo "<span class="loading'>Checking login status...</span>";

>
</div>
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// Validate file

if (!file.type.startsWith('image/"')) {
alert('Please select an image file.');
return;

if (file.size > 5 * 1024 * 1024) { // 5MB limit
alert('File size must be less than 5MB.');
return;
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Welcome to the Registration Page!

Full Name

[ Natalia Goncearuc ‘

Email

l natalia@test.com l

Password

Role

[ vser .

Already have an account?
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Login

Username

| Natalia Goncearuc

Email

| natalia@test.com

Password

Login
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Events Learning Report Rewards Feedback Logout

Chatbot Assistance, Photo Gallery and News

Welcome back, Natalia Goncearuc!

Photo Gallery

News

« New, eco-friendly recycling bins have been thoughtfully installed throughout the park to encourage sustainability
and responsible waste disposal. These bins are
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Photo Gallery

News

« New, eco-friendly recycling bins have been thoughtfully installed throughout the park to encourage sustainability
and responsible waste disposal. These bins are ..

« Discover our exciting new rewards program designed exclusively for our dedicated volunteers! We appreciate
your hard work and commitment, and to show aur gratitude, we've curated a selection of
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Learning Report Rewards Feedback Logout

Upcoming Events and Registration for Volunteering

Welcome back, Simone Sotham!

Upcoming Events

Park Cleanup Riverbank Restoration
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Park Cleanup Initiative

Event Details
Date: December 15, 2025
Time: 9:00 AM - 2:00 PM

Location: Central Community Park, Birmingham

What to Bring

* Comfortable clothing and closed-toe shoes
* Water bottle and snacks

* Gloves (we'll provide extras if needed)

* Positive attitude and team spirit!

Riverbank Restoration Project

Event Details
Date: January 22, 2026
Time: 10:00 AM - 4:00 PM

Location: River Severn, Worcester

What to Bring

* Weather-appropriate clothing
* Wellington boots or waterproof shoes
* Packed lunch and drinks

* Camera to document progress
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Park Cleanup Riverbank Restoration

Register for Volunteering Events

Fill in your details below to sign up for an event.

Event Name Address Date Points Full Name Email Submit

Park Cleanup Wy Rebenlaly — AESE o Enter your full nam Enter your email Register
Birmingham 01

Bradfo'rd Litter 308 B_rad.ford Street, 2025-12- 40 Enter your full nam Enter your email Register
Pick Birmingham 15

Cleanup Day I i [, AP o Enter your full nam Enter your email Register
Birmingham 20

Urbar.1 Litter Vlcforl.a Square, 2026-01- 45 Enter your full nam Enter your email Register
Pick Birmingham 05

I 2026-01- .
Green Spaces  Heath Park, Birmingham 15 35 Enter your full nam Enter your email Register

2025 Eco Unity Intelligent Independent Pr
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Home Events Report Rewards Feedback Logout

Learning Resources: Quiz, Recycling & Reuse Tips

Welcome back, Simone Sotham!

How to Recycle Correctly Creative Ways to Reuse Items
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« Rinse containers before recycling to remove food * Use glass jars as storage containers for pantry items.

residue. ® Turn old t-shirts into reusable shopping bags.
* Separate paper, plastics, glass, and metals into

appropriate bins. « Repurpose wooden pallets into furniture or garden
« Do not recycle items like greasy pizza boxes, used planters.

tissues, or broken ceramics.  Use scrap paper for notes or crafts instead of buying
* Check local recycling guidelines for accepted materials. new paper.

Step by Step: Plastic Bottle Bird Feeder

1. Prepare the Bottle:

Clean and dry a plastic bottle with a cap.

2. Create Perches:

Make holes near the base for wooden spoons or sticks to form two
perches, positioning them 90 degrees apart

3. Make Drainage Holes:

Poke a few small drainage holes in the bottom of the bottle to
prevent water from collecting.

4. Create Feeding Holes:

About 4 cm above each perch, poke and enlarge small holes for
birds to access the seed.

5. Add a Hanging Loop:

Poke two opposite holes near the neck, thread the string through,
and tie a knot for hanging.

6. Fill and Hang the Feeder:

Fill with birdseed, secure the cap, and hang in a sheltered spot away
from predators, such as cats.
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Video Resources

Interactive Quiz: Test Your Knowledge!
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Interactive Quiz: Test Your Knowledge!

1. Which of these items should NOT be placed in the recycling bin?
O Clean glass jar

O Greasy pizza box

O Plastic bottle

2. What can you make from old tires?
O Flower beds

O Playground swings

OBothaand b

3. Why should you rinse containers before recycling?
O To reduce odors

O To prevent contamination

O Both aand b

Submit Answers

Your score: 3/3

2025 Eco Unity Intelligent Independent P
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ome Events Leart Reward: eedback

Photo Evidence Upload & Cleanup Reporting

Welcome back, Simone Sotham!

Today's Uploads: 0/10

Upload "Before" Photo

Show the current state before your eco action

Upload "After" Photo

Show the positive impact of your action
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Activity Type:

Select Activity v

Location:

Where did this activity take place?

Description:

Describe your eco-friendly action and its impact...

Number of Participants:

1

2025 Eco Unity Intelligent Independent Project
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Home Events Learning Report Feedback Logout

Achievements, Rewards Shop & Leaderboard

Welcome back, Emma Test!

Current User: Emma Test

50 Points
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Achievements

Point Master

Earn 500 points
500 points required

Community Helper

Participate in 3 cleaning
events
30 points required

Big Earner

Reach 700 points
700 points required

Volunteer Hero

Earn 250 points
250 points required

Eco Warrior

Participate in 5 cleaning
events
50 points required

Century Club

Earn 1000 points
1000 points required

Clean-Up Captain

Earn 600 points
600 points required

Point Collector

Earn your first 100 points
100 points required

VIP Status

Earn 5000 points
5000 points required

Community Builder

Earn 400 points
400 points required
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Rewards Shop

10% Discount
Coupon
Get 10% off on eco-

friendly products
50 points

de

Family Eco
Workshop
Educational workshop for

the whole family
200 points

Eco Tote Bag
Organic cotton tote bag

with eco logo
80 points

Friends Group
Activity
Attend a Local Festival

Event
250 points

Kids Environmental
Game
Fun environmental game

for children
100 points

Eco Store Gift card
£10
£10 gift card for Eco-

friendly store
300 points

Local Park Visit
Guided tour of the local

conservation area
150 points

Family & Friends
Group Activity
Group Bowling session up

four people
800 points
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Leaderboard

Rank Player Points
1 Natalia Goncearuc 170
2 William Smith 165
3 Simone Sotham 125
4 Victor Test 110
5 Natalia Test 65
6 Emma Test (You) 50
7 Derek Breakey 50
8 Eddy Grant 45
9 Elena Test 40
10 Olga Test 40

5 Eco Unity Intel nt Independent Project.
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Home Events Learning Report Rewards

Share Your Cleaning Event Experience

e back, Natalia Goncearuc!

Username *

Natalia Goncearuc

natalia@test.com

Rating *

Your Experience *

Great Experience! Thank you!

New Ideas

Organise a Clean Up Day

Submit Feedback View All Feedback

Intelligent Indepen
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All Community Feedback

Natalia Goncearuc Kk kkk (5/5)

November 22, 2025 1 hours ago
Experience:

[ Great Experience. Thank you, the event was organised super.

Suggestions:

[ Provide a mobile version

D970

P22 2 S ARV
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Eco Unity Intelligent Chatbot

Hello! I am your assistant. | can help you navigate the website, provide info about waste
management and recycling
hi
Hello! How can | assist you today? You can ask about navigation, waste management, or
recycling.
tell me about recycling

Recycling helps reduce waste. You can recycle paper, plastic, glass, and metals. Do you
want to know what can be recycled in your area?

yes
Great! Here's what you can typically recycle: Paper (newspapers, magazines, office paper),
Glass bottles and jars, Plastic bottles (check for recycling numbers 1-7), Metal cans
(aluminum and steel), Cardboard boxes. Remember to clean containers before recycling!

Thank you!

You're welcome! Let me know if you have more questions

Ty your mossage m
Back to Home Back to Learning Page

© 2025 Eco Unity Intelligent Independent Project.

a
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Test Case ID

TC001-01

Test Case Title | User Registration and Login
Objective Verify that a user can register and log in successfully.
Preconditions The platform is accessible; the registration form is available.
Test Steps 1. Navigate to the registration page
2. Enter user details
3. Submit form
4. Navigate to the login page
5. Enter credentials
6. Submit login
Test Data Name: Natalia Goncearuc
Email: natalia@test.com
Password: Test@123
Role: User
Expected Result | Account is created; user can log in and access the Eco Unity Intelligent
web application. The user credentials are stored in the database.
Pass/Fail Pass
Comments All steps executed successfully, and the system behaved as expected.

Screenshots of results and code are provided.
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Intelligent

Welcome to the Registration Page!

Full Name

[ Natalia Goncearuc

Email

J

[ natalia@test.com

Password

Already have an account?
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v registration_id
@ Delete
@ Delete
@ Delete
@ Delete
@ Delete
@ Delete

~N o o w N

username
Natalia Goncearuc
Natalia Test
Simone Sotham
William Smith
Derek Breakey
Eddy Grant

email password
natalia@test.com Test@123
ntest@gmail.com Natalia123
Ssotham31@gmail.com Simone123
william@test.com William123
derek@test.com Derek123
eddy@test.com Eddy123

user_type
user

user
user
user
user

user
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Even R Feedback ogout

Chatbot Assistance, Photo Gallery and News

Welcome back, Natalia Goncearuc!

Photo Gallery

News

« New, eco-friendly recycling bins have been thoughtfully installed throughout the park to encourage sustainability
and responsible waste disposal. These bins are
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php > ® register_acountphp
1 <php

2 session_start();
3 ob_start();

4 include °../includes/db_connect.php’;

5

6  $username = $_POST['username'];

7 $email = $_POST['email'];

&  S$password = $_POST['password'];

9 Suser_type = $_POST[user_type'];

10

1

12 $sal = "INSERT INTO registration (username, email, password, user_type) Values ('Susername’, '$email’, ‘$password’,
13

14 if (3conn->query($sql) === TRUE) {

15 headen("Location: ../tenplates/successful_registration.htnl");

16 exit();

17 Yelse {

18 echo "Error: " . $sql . "<br>" . $conn-serror;

19}

20

21 $conn->close();
2 »
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php > # login_action.php
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<?php

session_start();

ob_start();

include '../includes/db_connect.php';

$username = $_REQUEST['username'];
$password = $_REQUEST[ 'password'];
$email = $_REQUEST['email'];

$sql
$stmt = $conn->prepare($sql);

$stmt->bind_param("sss", $username, $password, $email);
$stmt->execute();

$result = $stmt->get_result();

if ($result->num_rows > @) {
$row = $result->fetch_assoc();

// Store session data
$_SESSION["sid"] = $username;
$_SESSION[ "user_type"] = $row["user_type"];

// Check if user exists in ussers table, if not create them
$checkUser = "SELECT id FROM ussers WHERE username = ?";
$checkStmt = $conn->prepare($checkUser);
$checkstmt->bind_param(“s", $username);
$checkstmt->execute();

$userResult = $checkStmt->get_result();

if ($userResult->num_rows == @) {
// Create user in ussers table with @ points
$insertUser = "INSERT INTO ussers (username, points) VALUES (2, @)";
$insertStmt = $conn->prepare($insertUser);
$insertStmt->bind_param(“s", $username);
$insertStmt->execute();
$userId = $conn->insert_id;
} else {
$userRow = $userResult->fetch_assoc();
$userId = $userRow['id'];

SELECT user_type FROM registration WHERE username = ? AND password = ? AND email = ?"




image37.png
Test Case ID

TC001-02

Test Case Title | Register for Voluntary Cleaning Event
Objective Ensure the user can view and register for an event.
Preconditions User is logged in; event is listed.
Test Steps 1. Navigate to the events page
2. Select event
3. Input full name and email address
4. Click "Register"
Test Data Event Name: Urban Litter Pick

Address: Victoria Square, Birmingham
Date: 2025-12-01

Points: 50

Full Name: Natalia Goncearuc

Email: natalia@test.com

Expected Result

Registration confirmation is displayed, and event details are stored in
the database.

Pass/Fail

Pass

Comments

Event added to user’s profile. All steps executed successfully, and
the system behaved as expected. Screenshots of results and code are
provided.
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Learning Report Rewards Feedback Logout

Park Cleanup Riverbank Restoration

View Details

Register for Volunteering Events

Fill in your details below to sign up for an event.

Event Name Address Date Points Full Name Email Submit

Park Cleanup by (R iy R o Enter your full nam Enter your email Register
Birmingham 01

Bradford Litter 308 Bradford Street,  2025-12- Enter your full nam Enter your email Register
Pick Birmingham 15

Cleanup Day Iitfir (Rt AR o) Enter your full nam Enter your email Register
Birmingham 20

Urban Litter Victoria Square, 2026-01- ¢ Natalia Goncearuc @test.a Register
Pick Birmingham 05

P 2026-01-
Green Spaces  Heath Park, Birmingham 15 35 Enter your full nam Enter your email Register

025 Eco Unity Intelligent Independent Project.
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|| Browse W Structure [] SQL 4 Search Insert =} Export Import =7 Privileges  Operations 2 Triggers

SELECT * FROM "registered_event"

O Profiling [ Edit infine ] [ Edit ] [ Explain SQL ] [ Create PHP code ] [ Refresh ]

() Showall | Numberof rows: | 25 Filter rows: | Search this table Sortbykey:  None
Extra options.
T v event_id _event_name event_address event_date points  username email
O PEdt 3iCopy @ Delete 1 Urban Litter Pick  Victoria Square, Birmingham ~ 2026-01-05 45 Natalia Goncearuc natalia@etest.com
O JEdt 3:iCopy @ Delete 2 Park Cleanup Henry Barbers Park, Birmingham 2025-12-01 50 William Smith  willam@test.com
O SEdt §iCopy @ Delete 3 Bradford Litter Pick 308 Bradford Street, Birmingham 2025-12-15 40 Simone Sotham  Ssotham31@gmail.com
0 & Edit opy @ Delete 10 Park Cleanup Henry Barbers Park, Birmingham 2025-12-01 50 Natalia Test ntest@gmail.com
O PEdt 3iCopy @ Delete 11 Park Cleanup Henry Barbers Park, Birmingham 2025-12-01 50 Derek Breakey  derek@test.com
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php > ® register_event.php
1 <iphp
session_start();
ob_start();
include *../includes/db_connect.php';
$event_name = $_POST['event_name'];
6 $event_address = $_POST[ 'event_address'];
7 $event_date = $_POST['event_date’];
8  $points = $_POST['points’];
9 $username = $_POST['username’];
10 $email = $_POST['email’];

w W

1
12

13 $sql = "INSERT INTO registered_event (event_name, event_address, event_date, points, username, email) Values ('S$ever
14

15 if ($conn->query($sql) TRUE) {

16 header("Location: ../templates/successful_event_registration.html");

17 exit();

18} else {

19 echo "Error: " . $sql . "<br>" . $conn->error;

2 }

21 $conn->close();
2 2
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Test Case ID TC001-03

Test Case Title | Evidence photo and activity details submission

Objective Validate photo upload and automatic point allocation.

Preconditions User is registered in the account.

File size must be less than SMB

Test Steps 1. Navigate to the report page

2. Click "Upload ‘’Before’” Photo"

3. Select a photo from the device and click Open

4. Click "Upload ‘’After’” Photo"

5. Select a photo from the device and click Open

6. From °’Activity Details’’ select ‘Clean up activity’
7. Input location name

8. Input description

9. Select the number of participants

1

0. Submit evidence

Test Data File: before.png, after.png
User account: Simone Sotham

Expected Result | Photos accepted; 55 points awarded.

Pass/Fail Pass

Comments The points system is triggered automatically and is stored on Local
Storage. Screenshots of results and code are provided.
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Home Events Learning Rewards Feedback

Photo Evidence Upload & Cleanup Reporting

Welcome back, Simone Sotham!

m Leve \ Today's Uploads: 0/10

Upload "Before" Photo Upload "After" Photo
‘Show the current state before your eco action ‘Show the positive impact of your action

Activity Details

Activity Type:

Playground Litter Cleanup 25 points v

Location:

City Road, Birmingham

Description:

Friends and family members participated in the activity

Number of Participants:

€ ]

Submit Evidence & Earn Points
© 2025 Eco Unity Intelligent Independent Proje
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Home ,FEvents Learning Rewards Feedback Logout

Achievement Unlocked!
First Step

Upload your first photo evidence!

Awesome!
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Home Events Learni Rewards

Photo Evidence Upload & Cleanup Reporting

Welcome back, Simone Sotham!

m Today's Uploads: 1110

gy

Upload "Before" Photo

Show the current state before your eco action

Upload "After" Photo

Show the positive impact of your action
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Application state

let appState = {
points: parseInt(localStorage.getItem('ecoPoints')) || @,
level: parseInt(localStorage.getItem('ecolevel')) || 1,
todayUploads: parseInt(localStorage.getItem('todayUploads')) || o,
achievements: JSON.parse(localStorage.getItem('achievements')) || [],
beforePhoto: null,
afterPhoto: null

s

// Achievement definitions

const achievements = {
firstUpload: { name: "First Step", description: "Upload your first photo evidence!", points: 10
fiveUploads: { name: "Getting Started", description: "Upload 5 photo evidences!", points: 25 },
tenUploads: { name: "Eco Warrior", description: "Upload 1@ photo evidences!", points: 50 },
hundredPoints: { name: "Point Collector", description: "Earn 106 points!", points: 20 },
levelTwo: { name: "Level Up", description: "Reach Level 21", points: 3@ }

¥

// DOM elements

const beforezZone = document.getElementById('beforeZone');

const afterZone = document.getElementById('afterZone');

const beforeInput = document.getElementById('beforeInput');

const afterInput = document.getElementById( afterInput');

const submitBtn = document.getElementById('submitBtn');

const activityType = document.getElementById(‘activityType');

const pointsDisplay = document.getElementById('pointsDisplay');
const levelDisplay = document.getElementById(‘levelDisplay');

const todayUploadsDisplay = document.getElementById('todayUploads');
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Test Case ID TCO001-04

Test Case Title | View Achievements and Leaderboard

Objective Confirm points are reflected in achievements and the leaderboard
Preconditions User (Emma Test) has earned points.
Test Steps 1. Navigate to the rewards page

2. View current user points

3. View achievements earned

4. View options to redeem reward points
5. View leaderboard

Test Data Points: 50
User account: Emma Test

Expected Result | "First Steps, Community Helper, Eco Warrior and Event Beginner"
achievements unlocked; leaderboard updated.

Rewards shop options are unlocked according to the points users earn.

Pass/Fail Pass

Comments Leaderboard reflects real-time updates. Screenshots of results and code
are provided.
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Home Events Learning Rep

edback  Logout

Achievements, Rewards Shop & Leaderboard

‘Welcome back, Emma Test!

Current User: Emma Test

0 Points
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Achievements

First Steps

Earn your first 10 points
10 points required

Point Master

Earn 500 points
500 points required

Event Beginner

Register for your first
event
0 points required

Community Helper

Participate in 3 cleaning
events
30 points required

Big Earner

Reach 700 points
700 points required

Volunteer Hero

Earn 250 points
250 points required

Eco Warrior

Participate in 5 cleaning
events
50 points required

Century Club

Earn 1000 points
1000 points required

Clean-Up Captain

Earn 600 points
600 points required

Point Collector

Earn your first 100 points
100 points required

VIP Status

Earn 5000 points
5000 points required

Community Builder

Earn 400 points
400 points required
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Event Registration Successful!
You have successfully registered for: Park Cleanup
Event Date: 2025-12-01
Location: Henry Barbers Park, Birmingham

You earned 50 points for registering!

Achievement Unlocked!
Event Beginner - You registered for your first event!
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Achievements

Point Master

Earn 500 points
500 points required

Rewards Shop

Community Helper

Participate in 3 cleaning
events
30 points required

Big Earner

Reach 700 points
700 points required

Volunteer Hero

Earn 250 points
250 points required

Eco Warrior

Participate in 5 cleaning
events
50 points required

Century Club

Earn 1000 points
1000 points required

Clean-Up Captain

Earn 600 points
600 points required

Point Collector

Earn your first 100 points
100 points required

VIP Status

Earn 5000 points
5000 points required

Community Builder

Earn 400 points
400 points required

10% Discount
Coupon
Get 10% off on eco-

friendly products
50 points

Redeem

Family Eco
Workshop
Educational workshop for

the whole family
200 points

Eco Tote Bag

Organic cotton tote bag
with eco logo
80 points

Friends Group
Activity
Attend a Local Festival

Event
250 points

Kids Environmental
Game
Fun environmental game

for children
100 points

Eco Store Gift card
£10
£10 gift card for Eco-

friendly store
300 points

Local Park Visit

Guided tour of the local
conservation area
150 points

Family & Friends
Group Activity
Group Bowling session up

four people
800 points
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Leaderboard

Rank Player Points
1 Natalia Goncearuc 170
2 William Smith 165
3 Simone Sotham 125
4 Victor Test 110
5 Natalia Test 65
6 Emma Test (You) 50
7 Derek Breakey 50
8 Eddy Grant 45
9 Elena Test 40
10 Olga Test 40

Unif
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> ® achievements.php
<?php
require_once

../includes/config.php';

header('Content-Type: application/json');
header('Access-Control-Allow-Origin: *');

try {
$userId = isset($_GET['user_id']) ? (int)$_GET['user_id'] : 1;

if ($userId <= 0) {
Response::json(['error' => 'Invalid user ID']);
exit;

$userManager = new UserManager();
$achievements = $userManager->getUserAchievements($userId);

if ($achievements !== false) {
Response: :json($achievements);
} else {

Response::json(['error’ => 'Failed to fetch achievements']);

} catch (Exception $e) {
Response::json([ 'error' => $e->getMessage()]);
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Test Case ID

TC001-05

Test Case Title | Access and Complete Educational Quiz
Objective Ensure the user can interact with and complete educational content.
Preconditions User is logged in
Test Steps 1. Navigate to the learning page
2. Select quiz
3. From multiple choice, select the answer
4. Submit
Test Data Quiz: Test Your Knowledge
Answers: Q1-B, Q2-C, Q3-C
Expected Result | Quiz completed; score displayed
Pass/Fail Pass
Comments Screenshots of results and code are provided.
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Home Events Report Rewards Feedback

Video on Solid Waste Management
A tour in a Recycling Factory

Recycling Old Crayons

Interactive Quiz: Test Your Knowledge!

1. Which of these items should NOT be placed in the recycling bin?
O Clean glass jar

® Greasy pizza box

O Plastic bottle

2. What can you make from old tires?
O Flower beds

O Playground swings

@® Both aand b

3. Why should you rinse containers before recycling?
O To reduce odors

O To prevent contamination
@ Bothaand b

Submit Answei

25 Eco Unity Intelligent Independent Project. All rights re




image55.png
Home Events Report Rewards Feedback Logout

Video on Solid Waste Management

A tour in a Recycling Factory

Recycling Old Crayons

Interactive Quiz: Test Your Knowledge!

1. Which of these items should NOT be placed in the recycling bin?
O Clean glass jar

O Greasy pizza box

O Plastic bottle

2. What can you make from old tires?
O Flower beds

O Playground swings

O Bothaand b

3. Why should you rinse containers before recycling?
O To reduce odors

O To prevent contamination

O Bothaand b

Your score: 3/3
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function checkQuiz() {
let score = 0;
const ql = document.querySelector('input[name="q1"]:checked");
const g2 = document.querySelector('input[name="q2"]:checked");
const g3 = document.querySelector('input[name="q3"]:checked");
if (ql && ql.value "b") score++;
if (g2 && q2.value "c") score++;
if (g3 && g3.value "c") score++;
document.getElementById('quizResult').innerText = "Your score:
document.getElementById( 'quizForm').reset();

+ score + "/3";
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Test Case ID TC001-06

Test Case Title | Use Chatbot for Help

Objective Verify chatbot responds accurately to user queries.

Preconditions Chatbot is active

Test Steps 1. Click on Chatbot Image/icon from the Home page or Learning Page
2. Type query
3. Review response

Test Data Query: “Provide information about recycling”

Expected Result | Chatbot provides relevant information about recycling.

Pass/Fail Pass

Comments The response includes information on recycling. Screenshots of results

and code are provided.
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Eco Unity Intelligent Chatbot

Hello! | am your assistant. | can help you navigate the website, provide info about waste &
management and recycling.
hi
Hello! How can | assist you today? You can ask about navigation, waste management, or
recycling.
tell me about recycling
Recycling helps reduce waste. You can recycle paper, plastic, glass, and metals. Do you
want to know what can be recycled in your area?
yes
Great! Here's what you can typically recycle: Paper (newspapers, magazines, office paper),
Glass bottles and jars, Plastic bottles (check for recycling numbers 1-7), Metal cans
(aluminum and steel), Cardboard boxes. Remember to clean containers before recycling!

Thank you!

You're welcome! Let me know if you have more questions.

Type your message m
Back to Home Back to Learning Page

2025 Eco Unity Intelligent Independent Project.
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const chatbox = document.getElementById( ‘chatbox"');
const chatForm = document.getElementById('chat-form');
const userInput = document.getElementById('user-input');

function appendMessage(msg, sender) {
const msgDiv = document.createElement('div');
msgDiv.className = sender === ‘user' ? 'user-msg' : 'bot-msg';
msgDiv.textContent = msg;
chatbox.appendChild(msgDiv);
chatbox.scrollTop = chatbox.scrollHeight;
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¥
if (msg.includes('recycle’) || msg.includes('recycling’)) {
return 'Recycling helps reduce waste. You can recycle paper, plastic, glass, and metals. Do you want to know what can be recycled in your area?

}

if (msg.includes(‘what can be recycled')) {
return 'Great! Here\'s what you can typically recycle: Paper (newspapers, magazines, office paper), Glass bottles and jars, Plastic bottles (check for rec

¥

/1 Handle affirmative responses to recyclable items question

if ((msg.includes('yes') || msg.includes('sure’) || msg.includes('okay’) || msg.includes('ok’)) 8& (msg.includes('know') || msg.includes('area’) || msg.inclu
return 'Great! Here\'s what you can typically recycle: Paper (newspapers, magazines, office paper), Glass bottles and jars, Plastic bottles (check for rec

¥

/1 Handle simple affirmative responses (fallback for general recycling questions)

if (msg ‘yes' || msg *sure’ || msg === "okay' || msg === ok’ || msg 'yes please’) {

return ‘Great! Here\'s what you can typically recycle: Paper (newspapers, magazines, office paper), Glass bottles and jars, Plastic bottles (check for rec
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Test Case ID TCO001-07

Test Case Title | Submit and Review Feedback

Objective Ensure feedback can be submitted and reviewed.

Preconditions User has completed an event.

Test Steps 1. Navigate to the feedback page

2. Enter username, email, rating, experience and new ideas
3. Submit feedback

4. Receive 5 points for submitting feedback

5. View submitted feedback

Test Data Username: Emma Test

Email: emma@test.com

Rating: 4 stars

Comment: “Nice Experience”

New ideas: More educational content.

Expected Result | Feedback has been submitted, the reward has been received, and all
feedback can be viewed.

Pass/Fail Pass

Comments Feedback is stored in the database. Screenshots of results and code are
provided.
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Emma Test
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Rating *
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Nice Experience

New Ideas
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Submit Feedback View All Feedback
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Thank you for your feedback!

Your feedback has been submitted successfully.

You earned 5 points for leaving feedback!

Leave Another Feedback
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Figure 4: Gantt Chart for the Eco Unity Intelligent Project
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Figure 2 System Architecture of the Eco Unity Intelligent Web Application




image70.png
DIRECTORY STRUCTURE
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—configphp
L—db_connect.php

f—php/

I— achievements.php
'— feedback_action.php
I— get_all_feedback.php
I— leaderboard.php
'— login_action.php
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I— register_event.php
I— rewards.php

L— session_user.php
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<

Participant Consent Form

Eco Unity Intelligent — User Satisfaction Evaluation

Purpose of the Study:

The purpose of this survey is to evaluate user satisfaction with the Eco Unity Intelligent
platform. Your feedback will help us improve the platform’s usability, features, and overall
experience.

Participation Details:

You will be asked to complete a questionnaire about your experience using the platform. The
survey will take approximately 5-10 minutes to complete.

Voluntary Participation:
Participation is completely voluntary. You may choose not to answer any
question or withdraw at any time without any consequences.

Confidentiality:
All responses will be kept confidential and used solely for research and
improvement purposes. No personally identifiable information will be disclosed.

Benefits and Risks:
There are no known risks associated with participating in this survey. Your
feedback will contribute to enhancing the platform for all users.

Consent Statement:
By proceeding with the survey, you confirm that:

You have read and understood the information provided above. You voluntarily
agree to participate in this evaluation.

10 responses

@ | agree to participate in this survey

100%
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Section 1: Usability & Navigation
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The overall design of the platform is attractive.
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Features & Functionality

The interactive learning modules are engaging and useful.
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The rewards and achievement system motivates me to participate. IO Copy chart
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Performance & Reliability
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Content Quality
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Engagement & Community
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Overall Satisfaction
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Open-Ended Question

Please share any suggestions or improvements you would like to see:
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Author(s) System Functionality Main Findings
User- Waste | Rewards | Gamification AL/ Educational | Community
friendly | Report System Chatbot Content Engagement
interface ing Assistant

Philipp v X v v X v X Provides detailed

Schaper Anna information on waste

Riedmann, regulations, materials,

Sebastian and processing through

Oberdorferet engaging content,

al [5]. including text, images,
and videos.

Muhammad v X X X X v X This application offers

Zamroni comprehensive

Uska et al. information on waste

[6]. regulations, materials,
and processing,
presented in an engaging
format through text,
images, and videos.

Ma. Melanie v v X X X X v Designed to include

Ablaza-Cruz. waste segregation rules

[7]. and a "trash-to-store"
reward system, the
sources describe the
conceptual design.

Ayman v X v v X v X Utilises game levels,

Alfahid et al. points, rewards, and

[8]. educational videos to
teach proper waste
disposal.

Liihr Sierra v v X X X v v A web application that

etal. [9]. addresses Valdivia's
waste collection issues
by improving
communication between
users and service
providers, offering
educational materials,
and enabling reports of
illegal dumping.

Eco Unity v v v v v v v A web application that

Intelligent enables individuals to

proposed engage in sustainable

solution waste management
through Al-assisted
coordination, gamified
participation, and
interactive
environmental
education.

Figure I A comparison table of existing solutions alongside the proposed solution.





