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Abstract
Digital technologies are growing quickly and affecting every type of service. However, several pet clinics are still using manual/mixed automation methods as a means of sending appointment requests and managing customer interactions. These traditional management techniques lead to conflicts in appointments, poor record-keeping, limited accessibility and a lack of communication with pet owners. As a result, the dissertation will describe the process of designing, developing and evaluating a web-based pet care appointment system that offers a structured, automated and user-friendly solution to this issue.
The primary objective of this research was to develop a scalable and responsive appointment management system for online bookings, service and category management, inquiry handling, and role-based user administration. Using modern web technologies, such as PHP, MySQL, HTML, CSS, Bootstrap, and adminLTE, an agile-based software development methodology was implemented to facilitate iterative development, continuous testing, and user requirement coordination. To provide clarity on the system's architecture and functionalities, the application was documented using UML diagrams, storyboard designs, and a relational database schema.
The system provides pet owners with access to the services offered by the clinic, as well as a calendar format to view available days and times and submit online appointment requests. Administrators and staff members log in to the backend dashboard for secure management of appointments, categories, services, users, and system settings. The comprehensive testing process validated that all core functional and non-functional requirements of the system have been successfully met, demonstrating the reliability, usability, and effectiveness of the system.
The results of the system evaluation indicate that the proposed system provides increased operational efficiency, reduces administrative workloads and improves the user experience for both the clinics and their clients. In addition, the study identifies various future enhancement opportunities for the system, including real-time notifications, online payment functionalities, and advanced reporting features. The dissertation asserts that the creation of a well-designed web-based information system can assist in modernising pet care operations and provide/practical value to real-world operations.
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[bookmark: _Toc216619386]Chapter 1: Introduction

[bookmark: _Toc204086741][bookmark: _Toc216619387]1.1 Research Overview
Domain-specific software systems have become a topic of great interest over the last years, mainly due to increased demands deployed by users to have their work convenient, automated and real-time [1]. In the pet care industry, current systems are characterised by the lack of necessary functions, such as real-time updates, responsive design, and user-friendly interfaces, which result in inefficiency and a poor customer experience [2]. This proposal entails a software development approach to planning and developing a solid, scalable reservation system based on contemporary engineering approaches and user-centred design that overcomes these constraints [3].
The project on critical analyses encompasses several key areas of software development practice, including modular design, the use of model-view-controller (MVC) architecture, and responsive frontend architecture utilising JavaScript packages [4]. The incorporation of real-time notifications is the most pivotal factor in the system's value proposition, as it enables dynamic communication between pet owners and service providers [5]. Additionally, iterative development models, such as Agile or Scrum, can be utilised to continuously enhance the product based on feedback from stakeholders and evolving requirements [6]. The studies on testing economics, security and maintainability issues will also be analysed in the study to ensure the final system satisfies both functional and non-functional requirements. The research will contribute to applied software engineering, as it will provide a custom and highly performing solution for pet care operations [7].

[bookmark: _Toc204086742][bookmark: _Toc216619388]1.2 Research Problem
Pet businesses remain inefficient in their operations, with market evolution occurring in the absence of specialised systems for the reservation process, despite the rapid development of digital service platforms [5]. Many service providers commonly use generic scheduling tools. Still, they often struggle to cope with pet care services due to the complexity of these activities, which include grooming, boarding, and veterinary visits [6]. The international pet services industry was worth more than $ 27 billion and has been growing in demand for on-time and customised customer experiences [7]. Nevertheless, an online poll by Pet Care Industry Trends [8] revealed that more than 60 per cent of small pet care treatment facilities lacked an automated reservation program.
Its lack of real-time communication feature also leads to a lack of appointments, disappointments, delays and unsatisfactory customer satisfaction [5]. Digital involvement, particularly instant reservation and notification, is a significant factor influencing customer retention in the pet care services sector [6]. However, neither real-time notifications nor personal scheduling is present in most of the available platforms. This research problem highlights an urgent gap: the need for a tailor-made, intuitive, and responsive system that meets the industry's needs [7]. Implementation of this kind of solution is necessary not only to optimise the processes of service delivery but also to enhance the digital maturity of the entire pet care industry [8].

[bookmark: _Toc204086743][bookmark: _Toc216619389]1.3 Research Aim and Objectives
This project aims to develop a scalable, web-based reservation system for pet care businesses, featuring integrated real-time notifications. The following are the research objectives planned within this development project.
· To analyse existing pet service booking systems and identify gaps
· To determine the optimal technology stack and deployment strategy 
· To design a normalised database structure tailored for appointments, pet profiles, and services
· To recommend the best practices for developing the booking systems within different industries

[bookmark: _Toc204086744][bookmark: _Toc216619390]1.4 Research Questions
The following are the research questions identified within this development project.
· What are the limitations and gaps in current pet service booking systems?
· Which technology stack is most suitable for developing a scalable and efficient pet care reservation system?
· How can a database be designed and normalised to manage appointments, pet profiles, and service records effectively?
· What best practices from other industries can be adapted for developing effective booking systems in the pet care sector?

[bookmark: _Toc216619391]1.5 Significance of Research
A web-based pet care reservation system that sends real-time notifications is of immense benefit to both service users and pet owners. The engagement in bookings for many conventional pet care services remains manual, with bookings being processed via telephone or in person, resulting in overlapping appointments, conflicting schedules, and ineffective record-keeping [8]. The digital reservation system will resolve these limitations by providing a transparent, orderly and accessible booking system. This increases the convenience of customers, reduces the workload in operations, and aids in providing timely services to them.
Instructions relayed in real-time also enhance the system's value, as they improve interaction between providers and pet owners. Automated reminders will significantly reduce missed appointments, and clients will remain informed about upcoming meetings, check-ins, or schedule changes [9]. For enterprises, this helps enhance resource scheduling, operational arrangements, and customer satisfaction.
[bookmark: _Toc216619392]1.6 Limitations of Research
This research has some limitations that highlight the scope of its contribution. The study focuses solely on the development stage of the web-based Pet Care Reservation System, including design, implementation, and functional testing, without proceeding to real-world implementation and its long-term performance analysis [12]. Therefore, practical concerns such as user adoption, system scalability, or system behaviour in real-world pet care settings are not evaluated.
Another weakness is that no primary research was conducted. The research study lacks surveys, interviews, or observational findings on user expectations or their usability of the system, which would yield more comprehensive knowledge of user expectations and system usability [13]. Instead, the study is based on secondary sources and technical documents, which limits the possibility of confirming the system's efficiency and user satisfaction with its functionality in actual working conditions [14].
[bookmark: _Toc216619393]1.7 Structure of Dissertation
Introduction: This chapter provides an overview of the study, including the background, problem statement, aims and objectives, research questions, scope, significance, and limitations. 
Literature Review: This chapter provides a critical analysis of pertinent theories, technological frameworks, current systems, and industry practices. It examines the literature on prominent research related to online reservation systems, real-time notification systems, user experience, and web-based systems development. 
Methodology/Systems development: This chapter specifies the research design and methodology of system development (e.g., Agile or SDLC). It describes the tools, technologies, architectural design, database schema, workflow diagrams and system development process. 
System Design, Development, and Implementation: This chapter presents the proposed system, including detailed specifications for UI designs, functional modules, backend logic, notification setups, and key feature integration. Screenshots, demonstrations of the prototype, and the results of its implementation are provided to demonstrate the system's performance.
Evaluation, Conclusion, and Recommendations: The chapter assesses the system's functionality in relation to the problem statement and objectives. It provides a summary of the significant findings, challenges and conclusions. It also contains recommendations on how to improve it in the future, how to scale it, and how it can be effectively deployed in real-life scenarios.
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[bookmark: _Toc216619395]2.1 Significance of Digital Reservation Systems
[bookmark: _Toc216619396]2.1.1 Enhancing Operational Efficiency
Digital reservation systems are becoming a vital part of modern service organisations, as they help clear clerical loads and reduce the burden on staff. The system used for booking by hand is vulnerable to booking a client more than once, losing records, and human error in allotting facilities [14]. Auto-scheduling tools in the medical and hospitality industries eliminate confusion about the availability of slots or who has booked when, thereby increasing the credibility of services [15]. Notably, a UK-based survey revealed that 69 per cent of customers are more likely to make a booking if an online booking system is available, and 59 per cent will consider an alternative hotel if one is not offered [13].
[bookmark: _Toc216619397]2.1.2 Improving Customer Accessibility and Value
Online consumers in the UK and other nations want round-the-clock access to online services. In one UK study, it was reported that online booking is widely adopted among younger people in various service-industry settings, with 83 per cent of Gen Z and Millennials more likely to book online than by telephone [14]. This matters in the pet-care market: out of approximately 17.2 million households in the UK with at least one pet (out of a total of roughly 36 million pets) [15], convenience and digital booking add value. 
[bookmark: _Toc216619398]2.1.3 Pet Care Generic Booking Tool limitations
Although digital bookings are now commonplace, most pet-care businesses still rely on manual solutions or generic online booking tools. These share common failings and lack required fields that are pet-specific, i.e., vaccination records, pet breed, and their own service history and behaviour records, which are integral to the quick provision of pet care services [16]. In the UK, the pet-care market, worth £7.2 billion combined under the gaming and veterinary services sectors, has a single supplier that accounts for almost one quarter of the pet-care services [17]. The lack of customised reservation features means that many pet-care professionals are still using disconnected spreadsheets or relying on third-party, generic reservation software, creating waste and additional operational costs.
[bookmark: _Toc216619399]2.2 Theoretical Perspective
[bookmark: _Toc216619400]2.2.1 Technology Acceptance Model (TAM)
One of the most widely used models in the process of understanding and accepting new technologies is the Technology Acceptance Model (TAM), developed by Davis [18]. TAM suggests that two key variables, namely Perceived Usefulness (PU) and Perceived Ease of Use (PEOU), have a direct impact on a user's intention to adopt a technology. PU indicates how the user believes that utilisation of the system will result in improved task performance, whereas PEOU is the ease with which the system can be used.
TAM is particularly applicable since not all existing pet care providers and clients are technologically savvy. A system that is easily understandable, logically arranged, and mobile-enabled has a higher chance of receiving acceptance. In addition, real-time notifications add value to PU by minimising missed schedules and boosting customer trust in the system [19]. Thus, TAM provides a solid theoretical foundation for developing a reservation system that should meet user expectations and encourage their widespread adoption.
[bookmark: _Toc216619401]2.3 Ideal Development Methods of Web-Based Reservation System
[bookmark: _Toc216619402]2.3.1 Conventional Plan-Based Solutions
Conventional software development paradigms, such as the Waterfall model or V-Model, are plan-driven, following a linear process with requirements established at the outset, followed by design, implementation, and testing [20]. Such methods may be appropriate where requirements are highly stable, regulatory constraints are stringent, and the cost of change is substantial, for example, in safety-critical systems or embedded systems. But many empirical studies indicate that this is not a stable situation in many software projects. It is stated that software projects can fail; as many as 75 per cent of software projects are in danger of failure, primarily due to changing requirements, underestimation of complexity, and inability to communicate among stakeholders and developers [21]. The other literature further suggests that approximately 70 per cent of failed projects are associated with bad or changing requirements and inadequate stakeholder engagement, which is also a significant flaw of the high-upfront design approaches [19].

[bookmark: _Toc216619403]2.3.2 Agile and Iterative Systems
The Agile methodologies (e.g., Scrum, Kanban) are open to change, as they accept iterative development, incremental delivery, and continuous feedback from stakeholders [22]. The Standish CHAOS studies indicate that Agile projects have a significantly better chance of success, between two and three times that of more traditional Waterfall projects, and also have a substantially lower probability of failure, assuming success is defined with respect to budget, schedule, and feature delivery [18], [19]. According to the survey data, teams that use Agile methods also report greater project performance. One paper reports an average success rate of approximately 75% for projects managed through Agile [23].
Agile is no longer just a practice; annual State of Agile reports indicate that approximately 70 per cent of IT and software development teams apply Agile principles today, and many organisations use hybrid models, combining Agile with other frameworks to suit their specific situations [16], [21]. The Government Digital Service (GDS) expressly suggests Agile when designing digital services in the UK public sector, and iterative delivery, incremental assurance, and user-centred design of government platforms are recommended by the Cabinet Office and Infrastructure and Projects Authority [16], [17]. This institutional support underscores the applicability of Agile to web-based systems that involve citizen-facing systems, such as a public pet-care service portal of a similar nature.
[bookmark: _Toc216619404]2.3.3 Justification of Agile within the Proposed System
In the case of the proposed pet care reservation system, Agile has the following distinct benefits:
Changing Acceptance: Requirements such as pet profiles, vaccination logic, and complicated notification rules (e.g., reminders, cancellations, last-minute rescheduling) cannot be fully detailed initially. Short iterations and frequent reviews in Agile enable the refinement of requirements based on actual feedback from pet owners and clinic staff [22], [23].
Risk Reduction: Since a significant proportion of software failures are caused by requirement-related factors [24], the active engagement of the stakeholders in Agile through backlog grooming and constant reprioritisation directly addresses this risk. Early delivery of working increments also exposes technical and integration issues earlier, allowing them to be resolved before the project's completion.
Integrate with Real-Time Features: Real-time information (e.g., via WebSockets or push services) often requires experimentation to optimise performance, time, and user preferences. Agile also encourages the incremental adoption of these technologies, enabling the team to test assumptions and modify the design based on observed behaviour [25].
[bookmark: _Toc216619405]2.4 Real-Time Notification Integration and User Engagement
Real-time notification technologies have been a crucial part of the current web-based system, particularly where real-time communication is required between service providers and individuals receiving the service. Real-time alerts in the context of digital services significantly decrease uncertainties, enhance scheduling efficiency, and improve overall user interaction [26]. The necessity to provide push notifications, WebSockets, and automated reminders is inherent in reservation systems, as users increasingly demand immediate feedback and a seamless digital experience. This is no longer a luxury, but a requirement.
[bookmark: _Toc216619406]2.4.1 Real-Time Notifications and their role in service-based Systems
Studies consistently indicate that prompt communication leads to quantifiable improvements in customer satisfaction and receptiveness to operations. In time-sensitive service industries, such as healthcare, fitness, or transportation, users may experience a reduction in the no-show rate of up to 35 per cent, as the presence of instant confirmation and reminder systems has proven to influence user behaviour in these industries [27]. As an illustration, UK healthcare booking systems that utilise SMS alerts have reported significant decreases in missed appointments, which cost the NHS more than £1 billion annually when patients fail to provide prior notice [28] [30]. This fact also underscores the necessity of real-time notification systems in pet care reservation systems, which are not immune to challenges such as missed grooming appointments or last-minute cancellations.
[bookmark: _Toc216619407]2.4.2 Technologies Enabling Real-Time Digital Communication
Several technologies support real-time communication in today's web systems. WebSockets enable two-way communication between a server and a client, and they are full-duplex, allowing the real-time transfer of data without the sequence of HTTP polling [28]. Research has shown that WebSocket-based platforms are much faster to respond to and scale better to real-time interactions. To support mobile-friendly systems, we can mention Firebase Cloud Messaging (FCM) and Apple Push Notification Services (APNS), which enable developers to send real-time alerts across all devices, thereby increasing engagement and user awareness [29]. It has also been found that users react more positively to notifications via the app than via email, and mobile push notifications are four times more likely to be engaged with than other types of emails [31].
[bookmark: _Toc216619408]2.4.3 Real-Time Notifications: Pet Care Environment Significance
The pet care business is a distinct industry with its unique operational challenges, which necessitate the high value of real-time notifications. Grooming, veterinary visits, and boarding services typically require preparation, documentation, and a specific pet health examination. For example, vaccination updates, confirmation of flea treatment, or special instructions regarding pet care must be effectively communicated to ensure that staff are prepared and pets are safe [32]. A system that does not provide real-time notifications can leave pet owners unaware of the necessary tasks that must be completed before the appointment, potentially resulting in a last-minute cancellation or delay in the service.
[bookmark: _Toc216619409]2.4.4 Improvement of User Engagement by Instant Feedback and Reminders
The quality and frequency of system communication are closely related to user engagement. Live updates create a feedback loop that enables users to remain engaged with the service platform. It has been found that applications that embrace instant confirmations, reminders, and customised notifications attain better user retention and satisfaction ratings compared to applications that use manual or slow communication [33].
[bookmark: _Toc216619410]2.4.5 Administrative Efficiency and Real-Time Systems.
Organisation-wise automated notifications reduce the administrative burden of manual follow-up and reporting. The traditional pet care environment requires employees to make phone calls or send emails to reach out to customers and confirm their appointments, remind them, or request information that has not been provided. The automated systems simplify these tasks, reducing the time administrators spend by up to 40%, as cited in recent research on digital appointment management systems [34]. This will enable employees to focus on handling pets, providing customer service, and activities that require human judgment.
[bookmark: _Toc216619411]2.5 Advantages and Disadvantages of the Online Reservation Systems
[bookmark: _Toc216619412]2.5.1 Advantages of Online Reservation Systems.
Online reservation systems also increase customer experience and communication. Confirmations and reminders are automated, which contributes to reducing no-shows and last-minute cancellations, a significant issue in the pet care business. Delays in attending grooming appointments or missing appointments can impact daily operations [35]. Instances of real-time notifications are designed to keep clients updated on the details of their appointments, vaccinations, or other specific instructions, which helps them prepare more effectively and enables them to receive services more efficiently.
Moreover, electronic systems enhance proper record-keeping. For pet care businesses that deal with the history of vaccination, allergies, behavioural history, and preferences for services, the storage of structured digital information enhances safety and personalisation. This will help increase client satisfaction, as services can be customised better to meet the needs of individual pets [36].
Lastly, online systems offer useful analytics that businesses can use to monitor appointment trends, staff performance, peak service times, and customer behaviour. These kinds of insights can guide pet care managers in making sound decisions regarding staffing, pricing, and service expansion [37].
[bookmark: _Toc216619413]2.5.2 Disadvantages of the Online Reservation Systems
There is also the issue of data privacy and security. Pet care systems store personal data of clients and information related to their pets and health. Regulations, including the UK GDPR, require ensuring safe data processing, encrypted communications, and secure storage procedures, which may be beyond the technical capabilities of small providers [38] [42].
Another barrier can be user adoption. Although a large number of customers favour online booking, others still prefer phone or in-person communication, particularly older customers. Companies are thus forced to accommodate mixed preferences, and the level of operations becomes more complex [63]. Finally, bad systems can be frustrating to users, e.g., a user-unfriendly interface or unresponsiveness to mobile or booking opportunities. Such problems may reduce customer satisfaction and lead to cancellations of their reservations [39] [41].
[bookmark: _Toc216619414]2.6 Software Development Life Cycle (SDLC) 
It is an established organisational methodology designed to assist in software system development, planning, testing, deployment, and maintenance, among other tasks. This process has been extensively studied in numerous academic and professional publications/as well as in quality improvement methodologies for software, project cost/risk management. The SDLC enables an organisation to adopt a regulated approach, evolving from a foundation to meet business demands and provide consistency throughout the software development lifecycle [43].
[bookmark: _Toc216619415]2.6.1 Planning
The planning phase underlies the SDLC; it specifies the project's scope, establishes project goals, outlines development schedules, and allocates resources. Authors have acknowledged that the planning phase has minimised risk and decreased uncertainty by allowing an organisation to identify operations and technical risks/costs from the outset of the project, thereby enabling project implementation to be expanded more quickly [43]. However, critics have pointed to the dangers of excessive planning upfront, as some types of projects may require management functions that allow for rapid changes in requirements and increased flexibility within increasingly dynamic environments. The critics' views have generated debate over the viability of conventional SDLC planning processes within rapidly developing electronic environments [44].
2.6.2 Analysis
The analysis phase concentrates on identifying and documenting user/system requirements. Identifying requirements is one of the most critical issues to mitigate the risk of "scope creep" and miscommunication in subsequent project phases. However, numerous studies indicate that many software failure projects result from incorrect, incomplete, or misinterpreted requirements. This finding suggests a limitation of the SDLC when either stakeholder engagement is limited or the understanding of requirements is assumed to be definitive [45].
2.6.3 Design
The design phase develops systems architecture, data models and interfaces. Several authors have found that the use of effective design practices enables greater system scalability, security, and maintainability. However, when software requirements evolve during development, strict adherence to early design requirements may become outdated. This deficiency has encouraged an increase in utilisation of iterative methodologies for implementing design as SDLC adaptations have emerged [46].
2.6.4 Implementation
The implementation phase converts design specifications into program code. Scholars maintain that the implementation of structured code standards, along with the development of modular programming utilising team-based approaches, enhances code quality and promotes teamwork. However, conventional SDLC models do not typically secure user feedback until later in the project life cycle. Failure to do so may result in a mismatch between user expectations and actual functionality, necessitating rework [47].
2.6.5 Testing/ Integration
This phase serves to verify that the developed system meets both functional and non-functional requirements. Several studies note the importance of testing in defect reduction and reliability assurance as key elements (see Myers et al.); however, both budget and time constraints often lead to reduced effort in testing, thereby revealing a pragmatic flaw with SDLC, but not with the underlying SDLC structure itself [46, 47].
2.6.6 Maintenance
The maintenance phase is the final phase of the SDLC, which encompasses all upgrades and additions made after a product is released to the production environment (Pressman 2014). Most empirical research finds that the maintenance phase constitutes the majority of the total cost of ownership and, therefore, the SDLC should be viewed as a cyclical model rather than a linear model [48].
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Figure 2.1: Software Development Life Cycle [48]
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[bookmark: _Toc216619417]3.1 Agile Methodology
The agile approach to development is a new paradigm for the software development industry, placing an emphasis on collaboration and ongoing productive partnerships with stakeholders, formed through collaboration, continuous improvement, and extreme flexibility. The flexibility of user requirements in an ever-changing environment, combined with the need for continual user feedback from both pet owners and administrators, allowed for an agile implementation as the best method for the Pet Care Appointment System [46].

[bookmark: _Toc216619418]3.1.1 Agile as the Methodology of Choice for the Pet Care Appointment System
Because the users of this system continually change their needs, agile supports an iterative methodology as opposed to the traditional linear method. This is especially true with the Pet Care Appointment System since customers will be able to take advantage of the functionality provided directly by the system in addition to the functionality associated with other applications through incremental delivery cycles, thereby increasing the potential for customer satisfaction by providing more relevant features related to the core pet-care business [47].

[bookmark: _Toc216619419]3.1.2 Sprint-Centred Development
Product architecture utilises sprint-centered development. Each of the products developed was designated as a sprint based on a collection of functional needs that were of priority at that time. The literature available indicates that this type of development methodology, based on rapid iterations of requirement definitions, enables all project teams to break down larger, complex systems into smaller components, allowing them to monitor their progress through each iteration and project cycle [47].

[bookmark: _Toc216619420]3.1.3 Sprint Development 
It was used to develop the basic functionality modules of the system. Sprints two and three developed new product additions to the current functionality of the Pet Care Appointment System, such as Real Time Notifications and Administrative Reporting. Incremental development processes enabled team members to build new product features, utilising customer feedback to evaluate progress and make real-time updates to the software throughout the project [48].

[bookmark: _Toc216619421]3.1.4 Continuous Customer Feedback and Testing
The Agile methodology places considerable emphasis on conducting a substantial number of tests and providing participants with continuous customer feedback throughout the product development lifecycle. The empirical research conducted has consistently shown that giving regular testing early in the development life cycle enables a project team to detect product defects (low-cost) and enhances overall product quality [47]. The early delivery of functional software produced through sprint testing also provided immediate corrections to weaknesses discovered during product usability testing. Consistent reviews conducted with prospective users ensured the product was aligned with actual operational practices [48].

[bookmark: _Toc216619422]3.1.5 Agile Limitations
While Agile has many positive aspects as a development methodology, certain areas can potentially negatively impact the project's overall success. The literature demonstrates that for an Agile development project to be successful, a high level of stakeholder engagement is required at all stages of product development, and extensive team communication is essential in regulating the ongoing sustainability of the product thereafter [49]. However, as demonstrated by the rapid turnaround time for continuous software and design updates during Agile and the user-focused delivery of value-added features, in comparison to the negatives associated with Agile, it can be concluded that Agile is the best-suited development methodology for the Pet Care Appointment System [50].
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Figure 3.1: Agile Methodology [49]

[bookmark: _Toc216619423]3.2 Pet Care Appointment System Purpose
The Pet Care Appointment System is designed to enhance the effectiveness of Pet Care operational activities through technology. The system is an internet-based solution designed to automate and facilitate the appointment booking process. Many small- to medium-sized pet care clinics continue to use a manual or partially automated process to schedule appointments. Due to the nature of these processes, they create inefficiencies in their systems, resulting in clashes, inconsistent data, and slow responses to customers. The system has been developed to eliminate these inefficiencies by providing a fully digitised solution for managing appointments, managing services, and administering the clinic. Therefore, effective requirements analysis will play a crucial role in defining the system's boundaries and ensuring that stakeholder requirements are converted into functional and non-functional specifications [34].

[bookmark: _Toc216619424]3.3 Stakeholders and Users Involved
The two main stakeholders in the project will be the management of the clinic and the general public (the pet owners). The appointment management team will consist of administrators and other staff responsible for the operation and maintenance of the e-commerce platform. The administrator will have access to the entire system, while other staff members will have limited access depending on the type of work [51]. The general public will comprise individuals seeking information about clinics, researching services, or scheduling appointments. During the requirements anaylsis process, determining the roles that users play in using the e-Commerce platform will enable the establishment of role-based access control, ensure that users are able to use the system, while at the same time allowing for ease of use by pet owners; this is important to ensure that the functionality of the system is appropriate for each user [52].

[bookmark: _Toc216619425]3.4 List of Functional Requirements/User Management
The user management function is one of the most essential functional requirements for the Pet Care Appointment System. Administrators and staff members must have the ability to log in and out of the Pet Care Appointment System using their respective user credentials. Authenticating users to ensure their security and safeguarding confidential information is critical for secure online commerce and will only be made available to authorised users for administrative access to the Pet Care Appointment System [51]. Administrators and other authorised staff must be able to create, view, update, and delete user accounts in the Pet Care Appointment System. Additionally, authorised users must also be able to update their user credentials, i.e., passwords, to maintain system security. Proper management of users will enhance accountability and improve the security of personal information, and will minimise the potential risk of an unauthorised individual assuming control of the system [52].

[bookmark: _Toc216619426]3.4.1 Appointment Management
The most fundamental component of the Pet Care Appointment System is appointment management, which allows pet owners to schedule appointments via an open system. The system must allow users to view available appointment slots and book their appointments properly according to the selected date and the clinic's availability. The requirement for this is to eliminate conflicting schedules created by invalid appointment requests. Additionally, a unified interface is required for all staff members and administrators to view all appointment requests simultaneously [55]. The system's supported users must have the ability to modify the appointment status between 'pending' and 'confirmed' as required for business purposes. The administrator must also have the capability to delete or remove appointment records when the business requires it (e.g., cancellation of an appointment, invalid record submission) [56]. Automating appointment management enhances efficiency and customer satisfaction by ensuring transparency and timeliness in the collection of appointment information. As such, there is a direct correlation between appointment management and improving customer satisfaction by eliminating the need for customers to wait to see if they have been given an appointment time, or by allowing them to track their appointment using the Pet Care Appointment System [57].
The system will support a rigid classification of pet types and pet care services. The administrators will define and control pet types (e.g., dogs, cats, and other animals) for accurate service classification. For each pet type defined, administrators will be able to determine, update, view, list, and delete that type of pet. Likewise, the system will enable administrators to manage the pet care services available to each pet type and category [56].
	Type
	Description

	Epic
	PetCare Infrastructure Setup

	Epic
	Authentication & Role-Based Access 

	Feature
	Register and onboard pet care businesses (clinics, grooming centres)

	Task
	Build registration forms and validation.

	
	

	Feature
	Booking module for services (vet, grooming, daycare)

	Task
	Real-time notification setup using Twilio or SendGrid

	Feature
	Dashboard views for Admin and Staff

	Task
	Deployment and testing on Panel


Table 3.1: Functional requirements of projects





[bookmark: _Toc216619427]3.5 Non-Functional Requirements
[bookmark: _Toc216619428]3.5.1 Usability and Accessibility
The system must be easy to use, featuring an intuitive interface that is accessible to both technical and non-technical users, and compatible with a variety of devices and screen sizes. The system must also be accessible using standard web browsing, without the need for any additional software installations. High levels of usability and accessibility are essential factors in encouraging user satisfaction and adoption [52].
[bookmark: _Toc216619429]3.5.2 Security
A critical non-functional requirement of the Pet Care Appointment System is Security. An effective authentication system must be established to protect sensitive information, and a role-based access control system must be strictly used to provide users with only the functionality that is appropriate for their role. The need for data confidentiality and integrity can be established through secure access to the Data Management System, achieved by implementing role-based access controls [53].

[bookmark: _Toc216619430]4.5.3 Performance and Reliability
The Performance and Reliability requirements for the system must guarantee a reasonable level of performance when used concurrently by multiple users, so that, for example, the appointment-booking process, Data Access, and administration functions do not result in noticeable delays. A well-established data storage and retrieval system will eliminate data loss and ensure consistency in service delivery. The Performance and Reliability requirements are essential for obtaining and maintaining user trust in the system, thereby maintaining the operational capability of the Pet Care Appointment System [54].

[bookmark: _Toc216619431]3.5.4 Maintainability and Scalability
The system must be developed using PHP Object-Oriented Programming principles to permit the use of the concept of Modularity for easy Maintenance and to allow for the development of new enhancements or Reporting Modules without significant alterations to the current system structure. Scalability and Maintenance must be considered to ensure that the system remains functional as the company's requirements evolve [55].
[bookmark: _Toc216619432]3.6 UML Diagrams
[image: UML - Use Case Diagram for Pet Care Appointment.drawio]
Figure 3.2: UML Diagram
The administrator is given the highest level of access and thus has the authority to configure and manage the Pet Care Appointment System. The use cases for this type of actor are log in/out, view dashboard to see calendar and summary statistics, manage appointments (view, confirm or cancel), respond to inquiries, and manage all aspects of the pet categories, services, users and systemic settings (i.e. clinic information, business hours). These use cases illustrate how the Administrator must maintain control and consistency of clinic operations [58]
Users (Staff) are responsible for carrying out the day-to-day operations of the clinic. Users have similar use case items to the Administrator: log in, view dashboard, manage appointments and respond to inquiries. However, users typically have less access to the system compared to Administrators. This implements role-based control and therefore provides additional security to the Pet Care Appointment System [58]
Clients/Visitors are the public users of the Pet Care Appointment System. Clients can access the clinic's general information, review available services, verify appointment availability, schedule appointments (by date, service, pet type) and submit inquiries for contacting the clinic. The client use case items support the goal of providing ease of access and convenience to customers [59].
[bookmark: _Toc216619433]3.7 System Requirements
[bookmark: _Toc216619434]3.7.1 Hardware Requirements
· A computer or server capable of running a local or live web server.
· A minimum of 4 GB RAM is recommended for smooth operation.
· Sufficient disk space to store the application files and database.

[bookmark: _Toc216619435]3.7.2 Software Requirements
· Operating System: Windows, Linux, or macOS
· Web Server: XAMPP or WAMP
· PHP Version: 8.0.7 or compatible
· Database: MySQL
· Web Browser: Google Chrome, Mozilla Firefox, or any modern browser
· Frontend Technologies: HTML, CSS, JavaScript
· Libraries and Frameworks:
· jQuery
· AJAX
· Bootstrap
· AdminLTE
[bookmark: _Toc216619436]3.8 Risk Analysis
The following are the risks identified from the software development, whereas different mitigation strategies are also proposed below:
	Risk
	Probability of the Risk Happening
	Impact
	Mitigation Strategy

	System failure or data loss
	Low
	High impact, as appointment records and system data may be lost, affecting clinic operations
	Implement regular database backups, utilise reliable hosting, and establish recovery procedures to restore data quickly.

	Technical complexity and coding errors
	Medium
	Medium to high impact, as bugs may delay development and affect system stability
	Follow modular coding practices, conduct regular testing, and utilise version control to identify and resolve errors promptly.

	Security vulnerabilities
	Medium
	High impact, as unauthorised access could compromise sensitive user and appointment data
	Apply secure authentication, password encryption, role-based access control, and regular security testing.

	Time management constraints
	Medium
	Medium impact, as delays may affect project completion within deadlines
	Develop a realistic project schedule, set milestones, and monitor progress regularly to ensure timely completion

	Limited user acceptance or usability issues
	Low
	Medium impact, as users may struggle to adopt the system effectively
	Conduct usability testing, simplify interfaces, gather user feedback, and refine the system design accordingly



[bookmark: _Toc216619437]Chapter 4: Design and Implementation
[bookmark: _Toc216619438]4.1 Website and web application interface design
The user interface has been created using standard web technologies, including HTML, CSS, Bootstrap, and AdminLTE. All these technologies provide a uniform and systematic approach to the complete Pet Care Appointment System through their same-page navigation and image consistency across all pages, thereby helping users easily locate key areas of interest as quickly as possible, such as Home, Appointments, Services, About Us, and Contact Us. The navigation framework enables a smoother flow of information and helps reduce cognitive load. AdminLTE is an administrative interface designed to provide administrators with a professional and well-organised look, enabling more efficient decision-making [34]. 
The visual design features a relaxing and professional colour scheme that complements healthcare and service-based applications. The background colour should be calming, and the typography should be easy to read. Additionally, there should be ample space between visual elements to make it easier for users to read and understand the system's elements without being overwhelmed by visual clutter. To assist users in navigating the system and enhance their usability, the system utilises icons and headings to visually direct users to each distinct area. The majority of users (pet owners) will use the service listing pages to navigate through available services and schedule appointments with the fewest number of clicks possible [37].
The design of forms, buttons, and interactive features was specifically considered during the design of the Pet Care Appointment System. Appointment booking forms are kept simple and concise to allow users to systematically and clearly select service dates, services to schedule, and input their pet's information. Clear labels and visual feedback elements (e.g., confirmation messages) will help users understand what is happening with their actions. The administrative dashboards provide a high-level view of appointment data and availability by presenting this data in a calendar format, allowing for quick and effective comparative interpretations of other data and effective control of daily operations [34].


APPLICATION INTERFACE
	Home Page
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	Appointment Page
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	Our Services Page
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	About us Page
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	Contact us Page
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ADMIN INTERFACE
The first storyboard screen depicts the Admin Login and Landing Dashboard. This dashboard will serve as the hub for all administrative tasks. After successfully logging in, the administrator will be directed to the main dashboard page, as illustrated in the images. This page provides them with a brief overview of the system's status and ongoing business by displaying summary cards that show the total number of services, as well as the number of Pending, Confirmed, and Cancelled Requests. As the administrator is quickly able to identify service/business activity, the summary cards are placed at the top of the page to facilitate easy and fast decision-making [34].
The second storyboard screen depicts the Appointment Management View, which is created as an intuitive calendar view. Here, the administrator can view appointment requests by date, quickly seeing their daily activity and when an appointment is available. Navigation buttons to jump to "today" and to move back or forward through months or dates were also added to the calendar view, providing easy navigation between dates. This feature makes it easier for clinics managing multiple appointments on a single day to identify which days have appointments and which do not quickly. This method of presenting the date view was selected to simplify the calendar and make scheduling more readily understood [37].
Another essential part of the storyboard is the Side Navigation Panel. The Side Navigation Panel is presented consistently across every storyboard screen, featuring a left-hand panel that helps administrators identify where to access the most essential modules within their administration purpose, including Appointment Requests, Inquiries, Category Management, Service Management, User Management, and System Settings. The Side Navigation Panel will help the administrator stay consistent throughout their work, ensuring they do not experience confusion when accessing their scheduled appointments [34].
In addition to the screens mentioned above, some storyboards offer detailed management interfaces that allow administrators to view, update, or delete records. These detailed management interfaces will prioritise clarity through easily readable data tables with clearly labelled actions, and consistent button placement for easy navigation within the management screens [37].
	Admin Dashboard
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	Admin Appointment Request
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	View Appointment Request
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	Categories List
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Services List
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User List
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	System Settings
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[bookmark: _Toc216619439]4.2 Database Design
[bookmark: _Toc216619440]4.2.1 Main Database Structure
The database of the Pet Care Appointment System utilises a Structured Query Language (SQL) database model, which provides a straightforward method for accessing stored data. The schema structure for the Pet Appointment Service comprises six tables. The major tables include Users, AppointmentList, CategoryList, ServiceList, MessageList and SystemInfo. Although these tables serve different purposes, they also overlap in their functions. The User table provides administrative and staff log-in capabilities, maintaining the attributes of their role. The AppointmentList table maintains detailed records of all appointments, including date, service, and status indicators. The CategoryList and ServiceList tables offer the capabilities to organise the categories of pets and services associated with them. The MessageList table enables the system to track the messages that customers post via the Message Boards. The SystemInfo table retains both the information and parameters associated with the clinic. All tables are created using InnoDB storage engines and use UTF-8 Character Encoding, ensuring Data Integrity and compatibility with the Pet Care Appointment System [60].
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[bookmark: _Toc216619441]4.2.2 Table appointment_list
The AppointmentList table is the most crucial component of the Pet Care Appointment System, as it contains the majority of the appointment records. Each Appointment record is identified by its Primary Key (Id), which is implemented as an Auto-Incrementing Field. The Reference for the Appointment is stored separately within the Code attribute, and the Date when the appointment is scheduled is kept within the Schedule Field. The driver's information is stored in the fields Owner Name, Contact Information, Email, and Address, respectively, allowing for complete tracking of the owner's details. The Category ID Field establishes Relational Integrity between a specific Category Table and creates a relational relationship between the pet care appointment schema and the Category table. Additional attribute fields, such as Breed and Age, will help improve the precision of services delivered by the clinic. The Service IDs Field contains the identifier codes for the selected services, whereas the Status Field indicates the status of the appointment (i.e., pending, In Progress, or confirmed). The Audit Trail and Time-based Audit Trail are combined in the Date Created and Date Updated Fields [61]
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[bookmark: _Toc216619442]4.2.3 Table category_list
The CategoryList table manages and maintains a listing of the pet categories allowed by the Pet Care Appointment System. All records will contain a Unique Identifier that is implemented as an Auto-Incrementing Primary Key (Id Field). The Name Field is the designation or categorical description of the pet, for example, "Dogs" or "Cats"; thus, providing a means to create appointments and structure services by utilising the Type of Pet as a method of categorising Services. The Delete Flag Attribute is a Soft Deletion indicator; when the attribute is set to a Value of 0, it means the record is still "Live", thus when the attribute is set to 1, it has been "Logically Deleted". The Date Created field stores when the entry was created, and the Date Updated Field indicates when the last change occurred [60].
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[bookmark: _Toc216619443]4.2.4 Table message_list
The MessageList Table stores inquiries received from Visitors using the Contact Us form provided in the Pet Care Appointment System. The Message table is also able to assign a Unique Identifier to each Message, which is an auto-incrementing ID field. The message is also capable of capturing the sender's personal and contact information, including Full Name, Contact Information, and Email Address. The Message Field contains the actual Content of the Inquiry, while the Status attribute indicates whether the Message has been read or processed. Its default value indicates that it is a New Message that has not been read yet. The date created field captures when a Message was submitted, making it easy to track inquiries and responses [61].
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[bookmark: _Toc216619444]4.2.5 Table service_list
The services performed at the clinic for each type of pet are specifically tracked in the ServiceList Table. Each Service is assigned a Unique Identifier (ID field), which is an Auto-Incrementing Value. Moreover, the CategoryId Fields link a Service with a Collection of Pet Categories, so filtering for Services can easily be accomplished based on the Type of Pet. The Service Name and Description fields provide the necessary Service Information, and the Fee field stores the Fee to be paid for Services. Additionally, when services need to be Inactive without being deleted, the Delete Flag Attribute, set to 1, permits Soft Deletion. Services Created and Services Updated Dates are two Audit Timestamp values that are captured through the DateCreated and DateUpdated values [60].
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[bookmark: _Toc216619445]4.2.6 Table system_info
The SystemInfo Table houses and tracks User-Defined Configuration Information associated with the Pet Care Appointment System and will contain a Unique Identifier for every record created (Id Field). The metacode column will hold the User-Defined Keys or Names for System Configurable Information (Name of Clinic, Contact Email Address, Operating Hours and Welcome Message). Each User Defined Key will have an associated Variable/Value relationship stored in the Metavalue Column. This architecture enables the developer to modify System Configuration without needing to change Application Code, thus promoting the Use of Effective Content Management and ensuring Uniformity of Clinic Information across Public-facing Websites [61].
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[bookmark: _Toc216619446]4.2.7 Table users
Authentication and Access Control for the pet care appointment system are accomplished through the User Table. Every User Record will have a Unique Primary Key (Id), and the attribute that is an Auto-incrementing Value contained in the Id field holds that value. Each User Record is identified by the combination of First Name, Middle Initial, and Last Name, and includes a Username and Password. The user also has a Profile Image stored in the Avatar Field, which contributes to User Identification when utilising the administrative portion of the System. The Type attribute indicates the User's Role, either Administrator or Staff, while the Status attribute indicates whether or not the Account has been Approved. The Last Access Date field maintains records of User Activity for the most recent log-in, and the Date Added and Date Updated fields are two timestamped Audit Trail values for User Records [62]
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[bookmark: _Toc216619447]4.2.8 Tables Relationship
Overall, this schema presents the Relational Designs of the Pet Care Appointment System. The AppointmentList table serves as the Centre Table, while the Category Identifier connects with the CategoryList table; thus, all appointment information is tied to the Category table. The Service List Table serves as the means of linking all services offered through Pet Care Clinics to the various pet category types. The User Table is used for Authentication, Role Management and Administrator Access Control. The MessageList table tracks all messages sent and received among Customers, and the SystemInfo table maintains a record of system-wide, configurable information, including Clinic Information. Together, these tables form a Ring of Structured Table Designs, which ensures the Validity of Data, increases access Levels to Retrieve Data, and provides greater Scalability for appointment management, thereby creating a more effective Clinic [62].
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[bookmark: _Toc216619448]4.3 Implementation
The Pet Care Appointment System interface is displayed on the home page, which appears in the browser when a pet owner accesses the system using the local URL. The front-end element is responsible for delivering the user interface, including navigation menus and other visual content. The index.php file is a back-end that processes server-side, managing the system and loading content dynamically. This integration ensures that requests made by the front-end are properly handled by the back-end, facilitating smooth system operation and providing a framework for appointment booking and data management.



	Frontend Interface
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	Backend Code (index.php)
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Once on the Appointment page, the front-end provides a calendar interface that allows pet owners to choose a date they wish to visit. Dynamic HTML and JavaScript components are used to create this interface. On the server-side, the appointment.php script is used to process the date and the kind of logic that will be used to determine the availability of an appointment. It gets available slots in the database and sends this information to the calendar view. The front-end interaction with the back-end ensures that availability is accurately displayed, allowing users to make appointment requests efficiently.






	Frontend Interface
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	Backend Code (appointment.php)
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When an appropriate date is chosen in the calendar, the pet owner will be offered a Set an Appointment form. This form will store critical data needed to process the appointment request. The information about the owner, including their name, contact number, email address, and address, is collected alongside pet-specific details, such as the type of pet, breed, age, and the services they require. The date of appointment chosen is automatically filled in based on the selected calendar. Upon receiving the form, the information is sent to the back-end for validation and storage, ensuring the creation of relevant and fully documented appointment records.
[image: ]
When a pet owner submits an appointment request, it is presented to the administrator or staff in the Appointment Requests section of the dashboard. The front-end provides a tabular table of all appointments, including important information such as date, appointment code, owner's name, and status. Status labels clearly indicate the pending, confirmed, and cancelled appointments. At the back end, the index.php file in the admin/appointments/ directory retrieves appointment records and manages status updates. This interface enables administrators to review, confirm, or cancel appointments efficiently, thereby maintaining effective control over operations.








	Appointment Requests
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	Backend Code (admin/appointments/index.php)
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When an administrative person or staff member chooses an appointment name in the Appointment Requests list, they will be redirected to the appointment details page. The page is an extensive owner and pet page, which contains contact information, the type of pet, its breed, age, and the services requested. The second backend script, located at admin/appointments/view_details.php, serves as the reference and identifies and retrieves the selected appointment information from the database, presenting it on the interface. Based on this screen, the administrator can add or remove the request to make the appointment status valid or invalid. Alternatively, this screen allows for the total deletion of the record, thereby maintaining control over the records and ensuring accurate handling of appointments.







	Confirm / Reject Appointment Request
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	Backend Code (admin/appointments/view_details.php)
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[bookmark: _Toc216619449]4.3.1 Flow of Admin / Staff Login 
After the authentication, users are redirected to the dashboard page depending on their assigned access rights. The front-end dashboard presents summary cards that represent the most important statistics of the system, i.e., the total number of services, pending services, confirmed services, and cancelled services. One is also provided with a calendar view to give an overview of scheduling the appointments. The back-end works with session validation and retrieves the relevant information from the database, dynamically displaying the dashboard in the admin/home.php file. The design of this role-based dashboard is used to monitor and manage the clinic's operations efficiently. The admin can log in to the backend dashboard using the link http://localhost/petcare/admin/ 



	Admin / Staff Login Screen
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	Backend Code (admin/login.php)
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As the administrator or staff member who has clicked on the Category List option in the dashboard sidebar menu, the system loads to the category management page. All categories of pets are listed in a well-structured table on this page, which includes key properties of each category, such as the date of creation and the category name. The file located at admin/categories/index.php performs a query to the database and dynamically displays the category records on the interface. Action options enable those who have been permitted to easily administer categories, thereby aiding in the organised classification of services within the system.
	Admin / Staff Dashboard Screen
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	Backend Code (admin/home.php)
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[bookmark: _Toc216619450]4.3.2 Flow of Adding a New Category
After clicking the "Add New" button at the top right side of the Category List screen, a modal pop-up appears. In this pop-up, there is a simple form where the administrator enters the name of the new category. Upon clicking the save button, the data is sent to the back end for processing. The input is checked in the back-end script, admin/categories/index.php, which creates the new category in the database. When the same is saved successfully, the pop-up closes, and the categorical list with the modification is rendered to confirm the change.
	Catgories List
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	Backend Code (admin/categories/index.php)
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The Category List screen enables admin users to add a new category. When this button is clicked, a modal opens to show a form where admins can enter the name for the new category. After entering this name in the form and pressing the "Save" button, the information is sent to the back-end script located at admin/categories/index.php for validation and addition to the database. After saving the new category, the category list is refreshed, confirming that the new category was added successfully. The model will then automatically close.
	Add New Popup
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	Backend Code (admin/categories/index.php)
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[bookmark: _Toc216619451]Chapter 5: Testing and Evaluation
[bookmark: _Toc216619452]5.1 Testing
The following test cases were considered for the web application, and the results are presented below.
	Purpose of Test Case
	Input
	Output
	Result

	Login with incorrect data
	Invalid username and password
	The system displays an error message and denies access
	Pass

	Log in with the correct data.
	Valid admin username and password
	User successfully logged in and redirected to the dashboard
	Pass

	View home page
	Access website URL
	Home page loads correctly with navigation menu
	Pass

	View services list
	Click on the “Our Services” menu
	Services and categories are displayed correctly
	Pass

	Check appointment availability
	Open Appointment page
	Calendar displayed with available dates
	Pass

	Submit appointment request
	Valid appointment form data
	Appointment saved and confirmation message shown
	Pass

	View appointment requests (admin)
	Log in as admin and open Appointment Requests
	List of appointments displayed correctly
	Pass

	Confirm appointment request
	Click the confirm action on the appointment
	Appointment status updated to confirmed
	Pass

	Add a new category
	Enter the category name and click save
	New category added and displayed in the list
	Pass

	Send inquiry message
	Fill the contact form and submit
	Message saved and success message displayed
	Pass



[bookmark: _Toc216619453]5.2 Evaluation
[bookmark: _Toc216619454]5.2.1 System Evaluation
This evaluation assesses the effectiveness of the Pet Care Appointment System, its ease of use for both pet owners and administrators, and the efficiency with which administrators utilise it to manage their operations. The performance evaluation of the system has yielded a wealth of information on how effectively it performed in its primary components, specifically appointment management, examining the reliability of each element when operating in a production environment. The final testing results indicated that the longest time taken to load pages was during the period when most users were interacting with the system, and that there were no substantial errors in functionality during testing [39].
[bookmark: _Toc216619455]5.2.2 Usability and User Experience
Overall, there were several ways the site could be used to manage a dog's appointment with an administrator relatively quickly, while allowing users to find out the availability of an appointment and make an appointment request in a minimal amount of time. This applies to both work-related and leisure-related appointments.
The form structure and appointment calendar are clearly structured from a logical viewpoint and will minimise user errors in completing the necessary information to make an appointment request. From an administrative perspective, the dashboard provides users with an overview of system activity, while also allowing them to monitor and administer their appointments, categories, and services through summary widgets and calendar views. The layout of the pages and the ability to navigate through multiple pages are well designed and contribute to a good user experience and ease of use [43].
[bookmark: _Toc216619456]5.2.3 Functional Effectiveness
All of the primary functional requirements of the system have been completely and successfully implemented. All appointment requests were logged, displayed and kept updated on the administrative panel. Administrators were able to confirm, cancel, or delete appointment requests, as well as answer all user inquiries and manage all categories and services. Role-based access controls were developed to restrict access to specific administrative features of the system, thereby maintaining the system's integrity and security [51].
[bookmark: _Toc216619457]5.2.4 Limitations and Future Improvements
Although the system's strength was demonstrated throughout all functional tests, the developer has identified a significant number of limitations to its use. The limitations are primarily related to advanced functionality that has yet to be implemented (e.g., automated email notifications, web-based payment processing). This could significantly enhance the end-user experience and improve clinic operations. Overall, the system was designed to meet the user's needs and provide an excellent foundation for the development of additional functionality [34].
[bookmark: _Toc216619458]5.3 Personal Evaluation
[bookmark: _Toc216619459]5.3.1 Learning Experience and Skill Development
The construction of this project has provided me with the opportunity to develop practical experience in creating web applications using PHP, MySQL, HTML, CSS, and Bootstrap. Learning how to create the frontend of a web application provided me with insight into how the backend of a web application interacts with its frontend.
The improvements to my knowledge of relational database architecture and database administration provided me with the opportunity to learn about data modelling and the integrity of relational databases. The technical expertise gained during this experience has further expanded my understanding of both the interaction of data in a database and the optimisation of schemas when using relational databases.
This project has also provided me with the opportunity to apply theoretical knowledge gained during formal education to the development of the Pet Care Appointment System. Through the process of constructing use cases, developing data models, and writing tests for the software, I have realised the importance of planning before commencing any specific coding to achieve high-quality software. I now understand the need to utilise a systematic approach to the software development life cycle to minimise errors and optimise the overall system's quality.
[bookmark: _Toc216619460]5.3.2 Challenges and Resolution of Challenges 
Throughout the development of this project, I encountered numerous challenges in defining the rules for determining when appointments are available and verifying user authentication. Troubleshooting, resolving problems, and debugging programs require a continuous process of identifying problems and providing solutions to those issues. All these opportunities helped enhance my ability to analyse how the system works and identify viable solutions to the identified issues. All these problem-solving activities helped to develop my confidence in resolving technical problems independently and my willingness to seek help as needed.
[bookmark: _Toc216619461]5.3.3 Reflections on Professional Growth and Future Development
 The Pet Care Appointment System has reinforced my belief in the value of developing end-to-end applications in the form of fully functional websites. This project provided me with the opportunity to fully understand the importance of usability (ensuring the project meets its users' needs) and security (protecting the data and system from being hacked) when developing software. Upon completing additional functionality (the development of notification systems and subsequent development of a payment support system), I will continue to develop my skills and expertise.
[bookmark: _Toc216619462]5.4 Future Enhancements and Practical Implementation
The Pet Care Appointment System is an extremely valuable tool, with the potential to benefit both customers and administrators. The ability for customers to receive automated notifications (via email or SMS) regarding appointment confirmations, cancellations, and reminder notifications will improve communication between customers and their respective clinics, ultimately reducing missed appointments [34]. Adding an online payment option will also enable customers to pre-pay for services before visiting the clinic, and will help administrators maintain accurate financial records.
Future functional development may include extensive reporting and analytics (appointment history, most requested service type and busiest appointment time), thus creating opportunities for the clinic management to make informed and accurate operational decisions. Additionally, access controls will be expanded to include veterinarians, who will have dedicated access to their assigned appointments [37].
In terms of practical Implementation, hosting the Pet Care Appointment System on a cloud-based platform will provide both availability and scalability to the application, as well as the opportunity to create a high level of data security. Additionally, the Pet Care Appointment System could be presented to the public as a commercial application by utilising secure authentication and adhering to federal data protection regulations. All improvements recommended above would result in a fully functional system designed to accommodate the needs of modern pet care facilities [42].















[bookmark: _Toc216619463]Chapter 6: Conclusion and Future Recommendations
[bookmark: _Toc216619464]6.1 Conclusion
This dissertation presents the design, development, and implementation of a web-based Pet Care Appointment System designed to address some of the ongoing and persistent issues associated with operating a pet care clinic. Currently, many clinics utilise a manual or semi-manual process to manage appointments. As this research study revealed, clinics continue to struggle with scheduling conflicts, poor accessibility, inadequate management records, and ineffective communication with pet owners. This project has successfully created an end-user-focused and responsive software program that combines a digital solution to address these issues and limit operational problems within pet care clinics.
The project followed a clearly delineated software development life cycle. The first step was to conduct a Requirement Analysis, followed by Design, Implementation, Testing and Evaluation. The Functional Requirements of Appointment Reservations, Category Management, Service Management, Inquiry Handling, and Role-Based User Authentication were successfully delivered. The use of UML Diagrams, Relational Database Schema and Storyboard planning resulted in a clear understanding of the Systems Architecture and User Requirements. The use of web Technologies, including PHP, MySQL, HTML, CSS, and Bootstrap, enabled the development of a Robust, Reliable, and Responsive System that can be easily implemented in a real-world environment.
The testing phase indicated that the System was able to provide Efficiency in its Basic Modules. Evaluation results showed that a large number of Administrative and Public Users were able to use and navigate the System effectively. The Administrative Dashboard was designed to provide the Administrators with an excellent overview of their Appointments and Activity Level within the System. The Public Interface was designed to create a simple process for booking appointments. Therefore, the conclusion is that the Pet Care Appointment System meets its intended Purpose and offers Demonstrated Improvements in Efficiency, Accuracy and Usability.
Through this project, I have gained valuable Practical Experience both personally and academically. The Evaluation and Improvement Process has provided me with a deeper understanding of Full-Pile Web Applications, Database Management, and the Review Processes for Systems. The dissertation acknowledges current limitations and discusses Future Improvements, including Notification Capabilities, Payment Options and Report Generation. The Pet Care Appointment System has been established as an Efficient, Effective and Scalable Solution for Pet Care Providers in the Contemporary marketplace. The Research Study has found that if an information system is designed correctly, it can Improve Service Delivery, Operational Efficiency and Increase User Satisfaction, thereby meeting the needs of Both Academic Demands and Real-World Requirements.
[bookmark: _Toc216619465]6.2 Recommendations for Future Researchers
An example of this is the potential for automated email or SMS text messages to enhance interaction between clinics and pet owners. A mobile application may be developed to improve the accessibility and engagement levels of users. Consideration should also be given to researchers to identify ways to integrate online payment capabilities and enhanced analytical capabilities to improve decision-making processes. Take Advantage of Cloud Technologies for Technical Research. Future technical research opportunities may also include developing improvements in security, scalability, and performance through cloud technology for this project. Lastly, conducting usability studies of this project in actual veterinary clinics will provide valuable insights to researchers in developing a better-designed system with potential for broader acceptance.
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