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ABSTRACT 

This project focuses on the design and implementation of a web-based public complaint 

management system for the Benin Electricity Distribution Company (BEDC), aimed at 

addressing critical inefficiencies in traditional grievance handling processes. The system 

provides a structured digital platform that enables customers to submit, track, and monitor 

complaints related to power services, including outages, billing disputes, meter issues, and 

service delays, while allowing administrators to efficiently manage, process, and resolve 

grievances in a transparent and timely manner. Through a user-friendly web interface 

accessible via standard browsers, the platform eliminates challenges associated with manual 

complaint systems, such as lost records, delayed responses, lack of accountability, and poor 

tracking capabilities that have historically undermined customer trust and organizational 

credibility. 

The study employs a systematic approach involving the investigation of existing manual and 

basic digital complaint management systems at BEDC, the identification of their limitations, 

and the development of an enhanced web-based solution using modern technologies, including 

HTML, CSS, JavaScript, PHP, and MySQL. Key features include secure user authentication, 

real-time complaint submission and tracking, automated workflows for efficient complaint 

routing, comprehensive database management for record-keeping, and administrative 

dashboards for monitoring and analyzing complaint patterns. The system incorporates robust 

security measures and accessibility features to accommodate diverse user groups while 

ensuring data privacy and integrity. By implementing this solution, the project addresses 

recurring issues such as delayed responses, limited transparency, and inadequate feedback 

mechanisms that discourage customers from reporting grievances. The findings contribute to 

improved customer satisfaction, enhanced organizational efficiency through data-driven 

decision-making, and the advancement of knowledge on ICT applications in public utility 

administration, providing a scalable model for digital transformation in similar service sectors 

across Nigeria and beyond. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Study 

Effective complaint management is a cornerstone of organizational efficiency, particularly in 

public utilities such as the Benin Electricity Distribution Company (BEDC), where customers 

frequently interact with service providers to address grievances. A complaint management 

system (CMS) is a structured platform designed to facilitate the submission, tracking, and 

resolution of complaints in a transparent and timely manner. In the context of BEDC, 

complaints often relate to power outages, billing disputes, meter issues, or service delays. 

Historically, BEDC has relied on manual systems, such as physical complaint logs or call 

centers, which are prone to inefficiencies, including lost records, delayed responses, and a lack 

of accountability. The advent of information and communication technology (ICT) has 

stimulated the development of web-based complaint management systems, offering 

streamlined processes, real-time tracking, and improved accessibility for customers. 

The importance of efficient complaint handling in public utilities like BEDC cannot be 

overstated, as it directly affects customer satisfaction and organizational reputation. Existing 

digital systems, such as basic online forms or email-based processes, often suffer from 

inefficiencies like delayed responses, limited tracking capabilities, and a lack of user-friendly 

interfaces, leading to unresolved grievances and reduced trust among customers (Oguntosin et 

al., 2021). The transition to advanced web-based complaint management systems addresses 

these challenges by leveraging modern technologies such as cloud-based infrastructure, 

automated workflows, and real-time analytics. For instance, a study by Manalu et al. (2019) at 

Victory University, Sorong, demonstrated that a web-based complaint system significantly 

reduced processing time and improved transparency, a principle applicable to public utilities. 

Similarly, research by Usman and Muhammad (2021) highlighted that web-based systems, 
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built with technologies like PHP and MySQL, enhance data security and enable real-time 

feedback, thereby fostering trust between customers and management. 

Recent technological advancements have further expanded the capabilities of complaint 

management systems. A study by Pattamaporn et al. (2018) introduced smart complaint 

systems incorporating features such as speech-to-text and encryption, making them accessible 

to diverse user groups while ensuring data privacy. In the African context, Fuseini et al. (2023) 

noted that manual systems in public utilities often suffer from resource constraints and 

inadequate user training, underscoring the need for automated solutions tailored to local needs. 

These systems not only streamline complaint handling but also provide valuable data for 

organizational decision-making, enabling BEDC to address recurring issues proactively. This 

study focuses on the design and implementation of a web-based complaint management system 

to address these challenges, leveraging modern web technologies to enhance efficiency and 

customer satisfaction within BEDC. 

1.2 Statement of the Problem 

Inefficient complaint management systems, whether manual or basic digital, pose significant 

challenges across various sectors, including public utilities such as BEDC, thereby hindering 

effective grievance resolution and customer satisfaction. At BEDC, reliance on outdated 

systems, such as physical complaint logs or basic call centers, often results in delayed 

responses, poor tracking capabilities, and a lack of transparency, leading to unresolved 

grievances and diminished trust among customers (Oguntosin et al., 2021). Similarly, in other 

organizational contexts, basic complaint systems struggle with inefficiencies such as lost 

records and the absence of real-time feedback, which discourage stakeholders from reporting 

issues and undermine organizational credibility (Alotaibi & Alotaibi, 2022). In African 

settings, including public utilities, Fuseini et al. (2023) noted that outdated systems, sometimes 
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still manual, suffer from resource constraints and inadequate user training, resulting in low 

engagement and persistent dissatisfaction. 

The absence of advanced technological features, such as real-time tracking, automated 

workflows, and data analytics, further exacerbates these issues, leaving customers uninformed 

about complaint statuses and discouraging participation (Manalu et al., 2019). Moreover, many 

existing systems lack robust security measures and accessibility features, limiting their 

effectiveness for diverse user groups. Recent advancements, such as smart complaint systems 

incorporating features like speech-to-text and encryption, demonstrate the potential of modern 

web-based platforms to enhance accessibility, security, and efficiency (Pattamaporn et al., 

2018). These systems also enable data-driven decision-making, allowing organizations like 

BEDC to proactively address recurring issues, such as frequent power outages or billing errors. 

This study aims to address these challenges by designing and implementing a web-based 

complaint management system, leveraging technologies such as HTML, CSS, JavaScript, PHP, 

and MySQL, to deliver a secure, transparent, and efficient solution tailored to BEDC’s needs, 

while remaining adaptable to other organizational contexts, thereby improving customer 

experiences and organizational outcomes. 

1.3 Aim and Objectives of the Study 

The aim of this study is to design and implement a web-based public complaint management 

system that enhances the efficiency, transparency, and accessibility of grievance handling 

within the Benin Electricity Distribution Company (BEDC). 

Objectives: 

1. To examine the shortcomings of BEDC’s existing manual and basic digital complaint 

management systems.  
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2. To develop a secure, user-friendly web-based platform for complaint submission and 

tracking, tailored to the needs of BEDC customers.  

3. To implement the proposed system using suitable web technologies, including HTML, 

CSS, JavaScript, PHP, and MySQL.  

4. To assess the system’s performance based on usability, efficiency, and security within 

BEDC’s operational environment. 

1.4 Significance of the Study 

This study is important as it seeks to address key inefficiencies in BEDC’s complaint 

management processes. The introduction of a web-based system will improve grievance 

handling by streamlining operations, minimizing errors, and promoting transparency, thereby 

benefiting both customers and administrators. Customers will gain access to a convenient 

platform for reporting issues such as power outages, billing discrepancies, and service-related 

concerns, while management will be able to monitor and analyze complaints to identify 

recurring challenges and implement data-driven solutions. Furthermore, the study contributes 

to existing knowledge on the application of ICT in public utility administration and encourages 

the adoption of digital systems in similar service sectors. 

1.5 Scope of the Study 

This study is centered on the design and implementation of a web-based public complaint 

management system for BEDC. The system will allow customers to register, submit, and 

monitor complaints related to electricity services, including outages, billing disputes, and 

meter-related issues, while administrators will manage and resolve these complaints. The 

system will be developed using web technologies such as HTML, CSS, JavaScript, PHP, and 

MySQL, and will be accessible through standard web browsers. However, the study does not 

cover mobile application development or integration with other organizational systems, such 

as BEDC’s billing or operational platforms. 
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1.6 Limitations of the Study 

The study is limited by time and resource constraints, which may affect the extent of testing 

across various devices and web browsers. In addition, the system will be restricted to web-

based access and will not include mobile application support due to development limitations. 

Financial constraints may also limit the incorporation of advanced functionalities, such as 

automated complaint prioritization or integration with BEDC’s internal technical systems for 

handling complex issues like field operations. 

1.7 Definition of Terms 

• Complaint Management System (CMS): A system designed to receive, record, 

process, and resolve complaints in an organized and efficient manner.  

• Web-based System: An application that is accessed through internet browsers, 

allowing users to interact remotely.  

• Database: An organized collection of electronically stored data that enables efficient 

retrieval and management.  

• User Authentication: The process of confirming the identity of users before granting 

access to a system.  

• Real-time Feedback: Instant responses or updates provided to users after submitting 

complaints.  

• Manual System: A non-automated approach that relies on paper-based or face-to-face 

methods for task execution.  

• Customer Complaint: A report submitted by BEDC customers regarding issues such 

as power outages, billing errors, or service interruptions.  

• ICT: Information and Communication Technology, which refers to tools and systems 

used for managing and processing digital information. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

The literature review presents a comprehensive examination of existing studies and systems 

related to complaint management, with particular emphasis on their application within 

university environments. This chapter establishes both a theoretical and practical foundation 

for the design and implementation of a web-based complaint management system (CMS) 

aimed at addressing the inefficiencies associated with manual processes in tertiary institutions. 

By analyzing conceptual frameworks, existing systems, technologies, development 

methodologies, and associated challenges, the review identifies critical gaps in scalability, 

accessibility, and user-friendliness that the proposed system seeks to address. The chapter is 

organized to cover the conceptual framework, an in-depth review of related systems and 

studies, relevant technologies and methodologies, key challenges and limitations, and a 

summary of findings, ensuring consistency with the study’s objective of improving efficiency 

and transparency in complaint handling. 

2.2 Conceptual Framework of Complaint Management Systems 

A complaint management system (CMS) is a structured platform developed to support the 

submission, tracking, processing, and resolution of grievances in an efficient and transparent 

manner. Within university settings, CMSs are used to address a variety of concerns, including 

academic issues (such as grading disputes), administrative delays (such as course registration 

errors), and infrastructural challenges (such as inadequate hostel facilities). The conceptual 

basis of CMSs is rooted in service quality management and customer relationship management 

(CRM) theories, which emphasize responsiveness, fairness, and stakeholder satisfaction as key 

determinants of institutional trust. Surbhi (2018) describes management as the coordination of 

resources and efforts to achieve organizational goals, noting that effective complaint 
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management ensures systematic handling of grievances to improve user satisfaction. In 

academic environments, this translates into strengthening the relationship between students and 

institutional management. 

The transition from manual to automated complaint management systems has been largely 

influenced by advancements in information and communication technology (ICT). Manual 

systems, which depend on paper-based forms or verbal reporting, are often inefficient, error-

prone, and lacking in accountability, resulting in delayed responses and reduced stakeholder 

confidence. In contrast, web-based CMSs address these limitations by utilizing centralized 

databases, automated workflows, and intuitive user interfaces. Adesina and Adebayo (2019) 

assert that automated systems enhance accessibility by enabling real-time submission and 

tracking of complaints, which is particularly important in large institutions with diverse user 

groups. Likewise, Fuseini et al. (2023) observe that web-based systems in tertiary institutions 

significantly reduce resolution time and generate useful data for institutional decision-making, 

thereby supporting proactive improvements. Building on these principles, the proposed system 

aims to provide a secure, scalable, and user-friendly CMS tailored to the needs of the university, 

incorporating features such as user authentication, complaint categorization, and real-time 

feedback. 

2.3 Review of Related Systems and Studies 

This section presents a detailed analysis of ten related studies on complaint management 

systems, focusing on their objectives, methodologies, findings, limitations, and relevance to 

the proposed university-based CMS. These studies provide valuable insights into existing 

implementations while highlighting key gaps that this project seeks to address. 

Pongpaichet et al. (2018) developed a Smart Complaint Management System (SCMS) for 

Mahidol University, Thailand, with a focus on maintenance-related complaints. The study 

aimed to reduce customer dissatisfaction by offering multiple complaint channels, including a 
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mobile application, chatbot, and web platform, alongside features such as complaint 

classification, duplicate prevention, reduced handling time, and improved tracking. The system 

utilized the Sequential Minimal Optimization (SMO) algorithm for classification, achieving an 

F-measure of 0.796. It incorporated natural language processing for chatbot functionality and 

was tested with 85 mobile users and 10 web users. Results indicated reduced complaint 

handling time and high user satisfaction ratings above 4/5. However, limitations included its 

narrow focus on maintenance issues and its prototype-stage development, which limited 

campus-wide scalability. The authors recommended broader implementation and continuous 

user feedback integration. While relevant for its multi-channel design, the study underscores 

the need for wider complaint coverage in the proposed system. 

Anusiuba et al. (2021) designed a web-based CMS for a Nigerian tertiary institution to 

improve the handling of student complaints. The study’s objectives included identifying 

common student issues, developing a system using HTML, JavaScript, PHP, and MySQL, and 

incorporating feedback mechanisms. Using the Waterfall development model, data were 

collected from 120 students, revealing issues such as inadequate classrooms and administrative 

delays. The system featured a user-friendly interface and efficient database management. 

Findings showed that the system effectively addressed major concerns. However, limitations 

included the absence of accessibility features for users with disabilities and challenges in 

transitioning from manual systems, particularly staff training. Recommendations included 

adopting similar technologies in other institutions and providing adequate training for 

administrators. This study is highly relevant within the Nigerian context but highlights the need 

for improved accessibility and user support in the proposed system. 

Kumar and Kaur (2020) conducted a systematic review of 64 studies on complaint 

management published between 1991 and 2018, sourced from databases such as ProQuest, 

Google Scholar, and Emerald. The study aimed to develop a comprehensive framework and 
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identify research gaps. Findings indicated that effective complaint management significantly 

enhances customer satisfaction, with most studies focused on developed countries. A major 

limitation was the lack of emphasis on developing economies such as Nigeria, where resource 

constraints are more pronounced. The authors recommended further research across diverse 

industries and cultural settings. This study provides a strong theoretical basis but highlights the 

need for context-specific application in the proposed system. 

Üstündağlı Erten (2024) investigated the impact of digitalization on complaint management 

in Türkiye’s banking sector, using data from 2008 to 2022 and sikayetvar.com (2021). The 

study aimed to assess trends following increased digital adoption after 2016. Findings showed 

a rise in complaint submissions due to digital platforms, although rejection rates remained 

unchanged, suggesting increased workloads. Limitations included its sector-specific focus and 

the influence of emotionally driven complaints, which reduce its applicability to academic 

environments. The study recommended improved consumer guidance and system upgrades. 

While informative regarding digital platforms, its relevance to university systems is limited. 

Gowda (2022) developed a mobile-based complaint management system aimed at improving 

public service delivery by reducing delays and corruption. The system was developed using 

the Software Development Life Cycle (SDLC) with tools such as Dart, MongoDB, and Flutter. 

Usability testing demonstrated improved user experience and reduced duplicate complaints. 

However, high development costs and usability challenges for less technologically inclined 

users were identified as key limitations. Recommendations included enhancing accessibility 

and integrating the system with existing platforms. This study is relevant for its mobile-based 

approach but raises concerns about cost and scalability for the proposed system. 

Lee et al. (2023) reviewed 41 studies on electronic complaint handling via social media, 

proposing a three-phase framework consisting of investigation, empathy, and recovery. Using 
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a mixed-methods approach, the study found that empathetic responses and proactive 

monitoring significantly improve user satisfaction. However, limitations included a lack of 

empirical testing and limited cross-cultural applicability, particularly in developing countries 

like Nigeria. Recommendations focused on staff training and continuous monitoring of 

customer satisfaction. While useful for understanding social media integration, the study is less 

directly applicable to university-based systems. 

Uwah and Etim (2024) developed an online CMS for Akwa Ibom State College, Nigeria, to 

enhance the coordination, monitoring, and resolution of student complaints. The system was 

designed using Object-Oriented Analysis and Design (OOAD) and implemented with C#. 

Testing with institutional data demonstrated effective complaint handling and status tracking. 

However, limitations included dependence on internet connectivity and scalability challenges 

for larger institutions. Recommendations emphasized the need for improved scalability and 

multi-channel functionality. This study is highly relevant within the Nigerian higher education 

context but highlights scalability concerns for the proposed system. 

Ofori and El-Gayar (2020) examined the role of social media in customer knowledge 

management within developing economies through a review of 16 studies conducted between 

2010 and 2019. The study emphasized the importance of knowledge creation and sharing 

through digital platforms. However, reliance on subscription-based databases limited 

accessibility. Recommendations included the development of centralized knowledge 

repositories. While the study provides insights into knowledge management, its direct 

relevance to complaint management systems is limited. 

Manuhutu and Uktolseja (2018) designed a web-based CMS for the English program at 

Victory University to facilitate complaint submission and tracking. Developed using PHP and 

MySQL within a prototype model, the system improved efficiency and usability. However, it 
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was restricted to a single department and lacked scalability for broader institutional use. The 

authors recommended expansion to other departments. This study is relevant for its academic 

setting but emphasizes the need for institution-wide scalability. 

Oguntosin and Olumide (2020) developed a web-based CMS for a university environment 

using HTML, CSS, JavaScript, PHP, and MySQL. The system was tested with users and 

demonstrated improved accessibility and faster complaint resolution. Nevertheless, limitations 

included a restricted testing scope and reliance on internet connectivity. Recommendations 

included expanding the system for broader institutional adoption. This study is highly relevant 

due to its similar technological framework, although scalability remains a key concern. 

Overall, these studies demonstrate the effectiveness of web-based complaint management 

systems in improving service delivery and user satisfaction. However, they also reveal 

persistent gaps in scalability, accessibility, and adaptability across diverse university 

environments. The proposed system seeks to address these limitations by integrating robust 

technologies and adopting a user-centered design approach tailored to the specific needs of 

tertiary institutions. 

2.4 Technologies and Development Methodologies for Complaint Management Systems 

The development of efficient complaint management systems depends on the integration of 

front-end, back-end, and database technologies, alongside suitable software development 

methodologies to ensure functionality, scalability, and user satisfaction. This section examines 

commonly used technologies and methodologies in CMS development, drawing from recent 

studies to guide the design of the proposed system. 

Front-end Technologies: Front-end technologies are essential for creating user-friendly 

interfaces that promote accessibility and interaction. HTML, CSS, and JavaScript are widely 
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adopted for developing responsive web applications. HTML provides the structural framework, 

CSS ensures visual appeal and responsiveness, while JavaScript enables dynamic features such 

as real-time form validation and interactive dashboards. For example, Amadi and Okeke (2021) 

highlight that JavaScript frameworks like React improve user experience through seamless 

navigation and real-time updates, which are crucial for student-centered CMSs. Additionally, 

Bootstrap, a CSS framework, is commonly used to ensure compatibility across various devices, 

addressing the diverse access needs of university users. 

Back-end Technologies: Back-end technologies manage server-side operations, data 

processing, and system security. PHP and C# are widely used due to their reliability and 

compatibility with web-based applications. PHP, often combined with MySQL, is preferred for 

its open-source nature and scalability, as noted by Ibrahim and Musa (2020). C# with ASP.NET 

supports advanced server-side functionalities and secure authentication processes. Python, 

particularly with frameworks such as Django, is increasingly adopted for its rapid development 

capabilities and support for advanced features like chatbot integration, as emphasized by 

Salemme (2020). 

Database Technologies: Centralized databases play a vital role in storing and managing 

complaint-related data. MySQL remains a widely used option due to its reliability, scalability, 

and seamless integration with PHP, enabling efficient data storage and retrieval. MongoDB, a 

NoSQL database, is suitable for systems requiring flexible data structures, such as mobile-

based applications. Adeyemi and Ojo (2022) note that MySQL’s relational database structure 

is particularly appropriate for university CMSs, as it efficiently handles structured data such as 

user profiles, complaint categories, and status records, ensuring quick query execution. 

Development Methodologies: Software development methodologies provide a structured 

approach to system design and implementation. The Waterfall model supports a sequential 
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development process but offers limited flexibility for modifications. In contrast, Agile 

methodologies, as advocated by Adesina and Adebayo (2019), encourage iterative 

development and continuous user feedback, making them ideal for user-centered CMSs. 

Object-Oriented Analysis and Design (OOAD) promotes modular system architecture, 

enhancing scalability and maintainability. The prototyping model, as discussed by Ofori and 

El-Gayar (2020), allows for the rapid development and testing of initial system versions, 

ensuring alignment with user requirements. 

Emerging Technologies: Recent innovations include the integration of chatbots for automated 

complaint submission and speech-to-text functionality to improve accessibility for users with 

disabilities. Blockchain technology is also being explored for secure complaint recording and 

data integrity, as highlighted by Nwosu et al. (2023). While these technologies enhance system 

capabilities, their implementation requires careful consideration of complexity and cost 

implications. 

The proposed system will utilize HTML, CSS, JavaScript, PHP, and MySQL, supported by an 

Agile development approach, to ensure a user-friendly, scalable, and secure complaint 

management system that addresses the specific needs of the university environment. 

2.5 Challenges and Limitations in Existing Complaint Management Systems 

Existing complaint management systems face several limitations that reduce their 

effectiveness, particularly in university environments within developing countries such as 

Nigeria. This section examines these challenges based on insights from relevant literature. 

Inefficiencies in Manual Systems: Manual complaint handling methods, which rely on paper-

based processes or verbal communication, are often inefficient. They are characterized by 

delayed responses, misplaced records, and a lack of transparency. Adesina and Adebayo (2019) 
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note that such systems fail to provide systematic tracking, resulting in unresolved complaints 

and diminished stakeholder trust, especially in large institutions with high complaint volumes. 

Scalability Issues: Many automated systems are not designed to accommodate large user 

populations or a wide variety of complaint types. Fuseini et al. (2023) observe that systems 

developed for specific departments often struggle to scale across entire institutions. This 

challenge is further intensified by infrastructural and financial constraints in developing 

countries. 

Internet Dependency: Web-based CMSs depend heavily on stable internet connectivity, 

which remains a significant limitation in regions with inconsistent network access. Amadi and 

Okeke (2021) emphasize that unreliable internet services in Nigerian universities can limit 

system accessibility, particularly for users in remote areas, thereby reducing overall system 

effectiveness. 

Accessibility and Inclusivity: A major limitation of many existing systems is the lack of 

inclusive features for users with special needs. Ibrahim and Musa (2020) highlight that 

functionalities such as speech-to-text and screen-reader compatibility are often absent, 

restricting access for visually impaired users and undermining inclusivity. 

High Development Costs: The development of advanced CMSs with features such as chatbots 

and mobile integration can be expensive. Nwosu et al. (2023) note that institutions with limited 

financial resources often struggle to implement such systems, leading to continued reliance on 

inefficient manual methods or basic platforms with limited capabilities. 

User Training and Adoption: Insufficient training for users and administrators can hinder the 

effective adoption of CMSs. Adeyemi and Ojo (2022) point out that a lack of training results 
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in underutilization of system features, thereby reducing efficiency and user satisfaction. This 

challenge is particularly evident when transitioning from manual to automated systems. 

The proposed system seeks to overcome these limitations by emphasizing scalability, 

accessibility, and the use of cost-effective technologies to ensure optimal performance within 

the university context. 

2.6 Summary of Literature Review 

The literature review highlights the importance of web-based complaint management systems 

in improving the efficiency of grievance handling within universities. Studies such as Anusiuba 

et al. (2021), Uwah and Etim (2024), Manuhutu and Uktolseja (2018), and Oguntosin and 

Olumide (2020) demonstrate the effectiveness of web technologies in enhancing accessibility 

and reducing complaint resolution time in tertiary institutions. However, persistent 

challenges—including limited scalability, inadequate accessibility, dependence on internet 

connectivity, and insufficient user training—continue to restrict the effectiveness of existing 

systems, particularly in developing countries like Nigeria. 

Technologies such as HTML, CSS, JavaScript, PHP, MySQL, and Agile development 

methodologies provide a strong foundation for building efficient, scalable, and user-friendly 

CMSs. Furthermore, emerging technologies such as chatbots and blockchain offer 

opportunities for further innovation. Despite these advancements, issues such as high 

development costs and unreliable internet infrastructure underscore the need for context-

specific solutions. This study aims to address these gaps by developing a scalable, accessible, 

and cost-effective complaint management system tailored to the needs of the university, 

drawing on insights from the reviewed literature to enhance efficiency and stakeholder 

satisfaction. 
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CHAPTER THREE 

METHODOLOGY 

3.1 Introduction 

This chapter describes the methodology adopted for the design and implementation of a web-

based public complaint management system (CMS) for the Benin Electricity Distribution 

Company (BEDC). In addressing the study’s objectives, particular attention is given to 

Objective 2, which focuses on designing a secure and user-friendly web-based system for 

complaint submission and tracking, tailored to the needs of BEDC customers. This objective 

represents the central technical contribution of the study, requiring the development of a design 

framework that reflects the operational realities of Nigeria’s power sector while ensuring 

accessibility for a diverse customer base. 

The chapter adopts a systematic approach to examining the existing system, developing the 

proposed system, selecting appropriate tools and technologies, and defining system 

requirements. The overall aim is to produce a CMS that is user-friendly, secure, and scalable, 

capable of addressing the inefficiencies of manual complaint handling, such as delays and lack 

of transparency. The chapter is structured into sections covering system analysis, system design 

with emphasis on original contributions, development methodology, tools and technologies, 

system requirements, and a summary, ensuring alignment with the study’s objectives of 

improving efficiency, accessibility, and transparency in complaint management. 

3.2 System Analysis 

System analysis involves a detailed evaluation of the current complaint management process 

to identify its strengths, weaknesses, and requirements for improvement. This section examines 

the existing system, outlines its limitations, and presents the proposed system with emphasis 

on key design contributions. 
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3.2.1 Analysis of the Existing System 

The current complaint management system at BEDC operates largely through manual 

processes. Customers submit complaints through physical visits to service centers, paper forms, 

telephone calls, or written correspondence. These complaints are recorded in logbooks or basic 

digital spreadsheets, and responses are communicated verbally or through informal channels 

such as notice boards. The process involves several stakeholders, including customers, 

customer service personnel, technical teams, and management, who handle issues related to 

power outages, billing disputes, meter faults, connection problems, and general service quality. 

Data for this analysis were obtained through structured interviews with 60 BEDC customers 

representing diverse demographic groups, including variations in location, income level, and 

educational background. In addition, 15 staff members from customer service and technical 

departments were interviewed, and direct observations were conducted at two BEDC district 

offices over a three-week period in July 2024. 

The existing system offers some advantages, such as direct interaction between customers and 

staff, which allows for immediate clarification of complaints and culturally appropriate 

engagement. However, it is largely inefficient due to its reliance on physical records, which are 

susceptible to loss and damage. The absence of a centralized database makes it difficult to 

monitor complaint progress or identify recurring issues. Furthermore, the system lacks 

transparency, as customers are rarely informed about the status of their complaints, leading to 

dissatisfaction. These findings are consistent with Oguntosin and Olumide (2020), who noted 

that manual systems in public utilities often suffer from poor documentation and delayed 

responses. 
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3.2.2 Problems of the Existing System 

The analysis of the existing system reveals several major challenges that justify the need for an 

automated solution: 

Operational Inefficiencies: 

• Complaint resolution typically takes between 14 and 30 days due to manual processes 

and the absence of automated workflows.  

• A high rate of duplicate complaints, estimated at about 25%, occurs because customers 

cannot track previously submitted complaints.  

• Inconsistent categorization leads to misdirected complaints and delayed resolution.  

• There is no formal mechanism for prioritizing urgent complaints.  

Accessibility and Communication Challenges: 

• Customers in rural areas face difficulties accessing BEDC offices due to distance and 

limited operating hours.  

• Complaint submission is restricted to working hours, limiting convenience.  

• Language barriers affect communication with customers who are not proficient in 

English.  

• The system lacks accessibility features for users with disabilities.  

• There is no structured notification system to update customers on complaint status.  

Data Management and Accountability Issues: 

• The absence of a centralized database results in poor record-keeping and loss of 

complaint data.  

• There is limited capacity to analyze complaint trends or identify recurring issues.  

• Lack of audit trails reduces accountability and makes it difficult to monitor progress.  

• Physical records are vulnerable to damage, theft, and unauthorized access, posing 

security risks.  
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These challenges highlight the need for a web-based CMS designed to address the operational 

and contextual realities of BEDC. 

3.2.3 Proposed System 

The proposed web-based CMS is designed to overcome the limitations of the existing manual 

system by providing a secure, efficient, and scalable platform tailored to BEDC’s operational 

environment. The system incorporates key design features aimed at addressing the unique 

challenges of the Nigerian power sector: 

Core Design Features: 

• Multi-channel complaint submission: A web-based interface with mobile 

responsiveness and support for offline access in areas with unstable internet 

connectivity.  

• Intelligent complaint routing: Automated categorization and prioritization based on 

complaint type, location, and customer classification.  

• Real-time tracking and communication: A user dashboard for monitoring complaint 

status, supported by automated SMS and email notifications.  

• Centralized data management: A secure MySQL database for storing complaint 

records and enabling data analysis.  

• Role-based access control: Separate access levels for customers, service personnel, 

technical staff, and management.  

• Multilingual support: Availability of the interface in English, Hausa, Yoruba, and 

Igbo to accommodate linguistic diversity.  

• Accessibility features: Inclusion of screen reader compatibility, high-contrast display 

options, and simplified navigation to support users with varying levels of digital 

literacy. 
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Original Design Contributions for BEDC Context: 

• Power Sector-Specific Categorization: Complaint categories tailored to power 

industry issues (outages, billing, connections, quality) 

• Geographic Information Integration: Location-based complaint routing to 

appropriate technical teams and outage area mapping 

• Customer Segmentation: Different service levels for residential, commercial, and 

industrial customers 

• Integration-Ready Architecture: Designed for future integration with BEDC's billing 

and technical management systems 

3.3 System Design - Original Design Framework Contribution 

This section presents the study's primary original contribution: the development of a 

comprehensive design framework specifically tailored for BEDC's complaint management 

needs. Building upon Objective 2, this framework addresses the unique challenges of Nigeria's 

power sector while ensuring accessibility for diverse customer demographics. 

3.3.1 BEDC-Specific Design Framework (BSDF) 

Our original contribution lies in the development of the BEDC-Specific Design Framework 

(BSDF), a comprehensive design methodology that integrates user-centered design principles 

with power sector-specific requirements. The BSDF consists of four interconnected design 

components: 

Component 1: Customer-Centric Interface Design 

This component addresses the diverse accessibility needs of BEDC's customer base through: 
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Multi-Language and Literacy Considerations: 

• Interface available in English, Hausa, Yoruba, and Igbo with culturally appropriate 

terminology 

• Voice input options for customers with limited literacy 

• Visual icons and symbols representing common power-related issues 

• Simple, step-by-step guided complaint submission process 

Technology Accessibility Features: 

• Mobile-responsive design optimized for low-end smartphones commonly used in 

Nigeria 

• Offline complaint submission capability with data synchronization when connection is 

restored 

• Minimal data usage optimization for customers with limited internet bundles 

• Progressive loading for slow internet connections 

Inclusive Design Elements: 

• High contrast color schemes for visually impaired users 

• Large, clear navigation buttons suitable for users with limited digital experience 

• Screen reader compatibility following WCAG accessibility guidelines 

• Keyboard navigation support for users unable to use pointing devices 

Component 2: Power Sector-Specific Security Design 

This component establishes security measures tailored to BEDC's operational environment: 
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Multi-Layered Security Architecture: 

• JWT-based authentication with role-based access control for different BEDC 

departments 

• Data encryption both in transit (HTTPS/TLS 1.3) and at rest (AES-256) 

• Input validation specific to power sector data (meter numbers, account formats, location 

codes) 

• Automated backup systems for critical complaint data 

Trust-Building Design Elements: 

• Transparent complaint tracking with detailed status updates specific to power sector 

workflows 

• Automated acknowledgment receipts with unique complaint reference numbers 

• Clear data privacy statements compliant with Nigerian Data Protection Regulation 

(NDPR) 

• Digital audit trails for all complaint processing activities 

Component 3: Operational Efficiency Design for Power Utilities 

This component optimizes BEDC's internal workflows and resource allocation: 

Intelligent Complaint Classification System: 

• Automated categorization based on power sector-specific keywords and patterns 

• Priority assignment algorithm considering outage severity, customer type, and 

geographic impact 

• Geographic routing to appropriate BEDC district offices and technical teams 

• Escalation protocols based on complaint age and customer feedback 
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Performance Analytics Integration: 

• Real-time dashboard showing complaint volume trends and resolution metrics 

• Geographic heat maps showing complaint concentration areas for proactive 

maintenance planning 

• Staff performance tracking with workload distribution across BEDC departments 

• Integration capability with existing BEDC systems for comprehensive operational 

insights 

Component 4: Customer Experience Optimization 

This component ensures positive customer interactions throughout the complaint lifecycle: 

Journey Mapping Integration: 

• Simplified three-step complaint submission: "Report → Track → Resolve" 

• Progress visualization with power sector-specific milestone indicators 

• Proactive communication at each resolution stage with estimated completion times 

• Post-resolution satisfaction surveys with power service quality metrics 

Self-Service Capabilities: 

• Comprehensive FAQ section addressing common BEDC-related issues 

• Interactive troubleshooting guides for power connection problems 

• Community forum for customer-to-customer support on power-related issues 

• Knowledge base with searchable solutions categorized by power service types 

3.3.2 System Architecture Design 

The proposed complaint management system adopts a three-tier architecture, enhanced by the 

BEDC-Specific Design Framework (BSDF) to ensure efficiency, scalability, and accessibility 

within the operational context of the power sector. 
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Presentation Layer (Frontend): 

• HTML5 is utilized to provide a well-structured and semantic interface, incorporating 

accessibility features to accommodate users with varying literacy levels.  

• CSS3, integrated with the Bootstrap framework, is customized to reflect BEDC 

branding while incorporating culturally relevant design elements suitable for Nigerian 

users.  

• JavaScript is employed to enable interactivity, including multilingual switching, real-

time updates, and offline functionality.  

• A responsive design approach ensures optimal usability across a wide range of devices, 

particularly low-end smartphones commonly used in Nigeria.  

• Accessibility enhancements such as ARIA labels, keyboard navigation, and screen 

reader compatibility are implemented to support inclusive user interaction.  

Application Layer (Backend): 

• PHP 8.0 is used for server-side processing, incorporating custom modules tailored to 

power sector-specific operations.  

• A token-based authentication system is implemented, supported by role-based access 

control to manage different levels of user access within BEDC.  

• The system is structured using RESTful API principles to allow for future integration 

with BEDC’s existing platforms and services.  

• Input validation and data sanitization mechanisms are designed specifically to handle 

power utility data formats, such as meter numbers and customer account details.  

Data Layer (Database): 

• MySQL 8.0 serves as the database management system, optimized for handling 

complaint management operations within the power utility context.  
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• A customized database schema is developed to accommodate sector-specific data 

requirements, including complaint categories, customer types, and service locations.  

• Indexing strategies are implemented to enhance the speed and efficiency of complaint 

retrieval and reporting processes.  

• Data backup and recovery mechanisms are incorporated to ensure the security, 

consistency, and integrity of complaint records. 

 

Fig 3.1: System Architecture - BEDC-Optimized Three-Tier Design 

3.3.3 Database Design 

The database design adopts a relational model implemented using MySQL to support the 

structured data requirements of complaint management within a power utility environment. 

This approach aligns with recommendations by Ibrahim and Musa (2020) for scalable and 
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efficient web-based applications. As part of this study’s contribution, a customized database 

schema is developed to reflect the specific operational needs of BEDC. 

Power Sector-Specific Database Schema: 

Users Table: Stores detailed information about both customers and staff, incorporating fields 

relevant to BEDC operations: 

• user_id, username, password_hash, email, phone_number  

• customer_type (residential, commercial, industrial)  

• service_location, meter_number, account_number  

• preferred_language, accessibility_needs  

• registration_date, last_login, user_status  

Complaints Table: Contains comprehensive records of all submitted complaints, structured 

around power sector requirements: 

• complaint_id, user_id, category_id, priority_level  

• complaint_title, detailed_description, location_affected  

• outage_duration, estimated_customers_affected  

• submission_date, target_resolution_date, actual_resolution_date  

• status, assigned_technician_id, resolution_summary  

Categories Table: Defines complaint classifications specific to electricity service delivery: 

• category_id, category_name, category_description  

• department_responsible, average_resolution_time  

• escalation_threshold, requires_site_visit  
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BEDC_Staff Table: Stores staff information, reflecting organizational hierarchy and 

operational roles: 

• staff_id, username, password_hash, full_name  

• department, position, district_office  

• specialization, contact_information, supervisor_id  

Responses Table: Tracks all interactions and actions taken in resolving complaints: 

• response_id, complaint_id, staff_id, response_type  

• response_message, action_taken, next_steps  

• response_date, customer_notification_sent  

The relationships among these entities are structured to ensure efficient data flow, integrity, 

and traceability throughout the complaint lifecycle. The Entity-Relationship Diagram (ERD) 

illustrates how these tables interact to support effective complaint tracking, processing, and 

resolution within BEDC. 
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Fig 3.2: The Entity-Relationship Diagram (ERD)  

3.3.4 User Interface Design 

The user interface design implements the Customer-Centric Interface component of the BSDF, 

specifically tailored to meet the diverse needs of BEDC’s customer base. 
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Customer Interface Design Contributions: 

• Simplified Complaint Form: A streamlined three-step process designed for power 

sector issues, incorporating dropdown menus for common complaints such as power 

outages, billing errors, meter faults, and new connections.  

• Visual Status Tracking: A progress bar that reflects power sector-specific stages, 

including Received → Assigned → Investigation → Resolution → Closure.  

• Multi-Language Dashboard: Interface elements translated into major local languages, 

with power-related terminology adapted to suit regional understanding.  

• Mobile-First Design: Optimized for smartphone usage patterns prevalent in Nigeria, 

featuring touch-friendly controls and reduced data consumption for improved 

accessibility.  

Administrative Interface Design Contributions: 

• Geographic Complaint Mapping: A visual display of complaints across BEDC 

districts, using color-coded indicators to represent severity levels.  

• Workload Distribution Dashboard: A real-time interface showing complaint 

allocation among technical teams, supported by performance monitoring metrics.  

• Bulk Resolution Tools: Specialized functionalities designed to manage widespread 

outages affecting multiple customers simultaneously.  

• Integration-Ready Design: An interface structured to support future integration with 

BEDC’s billing and maintenance management systems.  

The use case diagram below illustrates the interactions between various user categories and the 

key functionalities of the proposed system. 
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Fig 3.3: User Interface Design  

3.3.5 Sequence Diagram 

The sequence diagram below illustrates the initial workflow design for power sector complaint 

processing, highlighting the interaction flow among customers, the dedicated interface, server-

side processes, and the database system. 
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Fig 3.4: Sequence Diagram  
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3.3.6 Complaint Processing Workflow and Notification System 

This section presents the practical implementation of the BSDF framework’s customer 

experience optimization component, illustrating how complaints are handled and how 

customers receive updates throughout the resolution lifecycle. 

Figure 3.5 shows the complete complaint processing workflow, from submission to closure, 

highlighting system touchpoints, notification triggers, and key decision points. The flowchart 

demonstrates how the web-based system streamlines complaint management through a 

structured seven-stage process that integrates automated notifications with interventions from 

BEDC staff. 
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Figure 3.5:  BEDC Complaint management system workflow 

3.3.7 Class Diagram 

The class diagram below represents our object-oriented system structure specifically designed 

for power utility complaint management: 
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Fig 3.5: 

Class Diagram 

3.4 Development Methodology 

The Agile methodology was adopted for its flexibility and iterative nature, as emphasized by 

Adesina and Adebayo (2019). Agile promotes incremental development, enabling continuous 

user feedback to refine the system throughout its lifecycle, which is essential for the effective 

implementation of the BSDF framework. The development process is organized into sprints, 

each focusing on key aspects of the design: 
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Sprint 1: Requirements Analysis and BSDF Design (2 weeks) 

• Comprehensive analysis of BEDC’s operational requirements 

• Planning and structuring of the BEDC-Specific Design Framework (BSDF) 

• Stakeholder consultations with BEDC staff and customers 

• Assessment of cultural and linguistic needs within the Nigerian context 

Sprint 2: Database and Interface Design Implementation (3 weeks) 

• Development of a specialized database schema tailored to power utility operations 

• Design and implementation of multi-language interface components 

• Integration of accessibility features based on a customer-centric approach 

• Implementation of a security framework aligned with BEDC-specific requirements 

Sprint 3: Core Functionalities Development (4 weeks) 

• Development of an intelligent complaint routing system 

• Creation of power sector-specific complaint categories 

• Implementation of a real-time tracking system with geographic mapping features 

• Integration of role-based access control reflecting BEDC staff hierarchy 

Sprint 4: Testing and BSDF Validation (3 weeks) 

• Usability testing across diverse Nigerian customer groups 

• Security testing tailored to power utility data requirements 

• Performance testing under conditions typical of Nigerian internet infrastructure 

• Evaluation of the effectiveness of the BSDF framework 

Sprint 5: Deployment and User Training (2 weeks) 

• System deployment in line with BEDC infrastructure requirements 

• Training of staff on the specialized administrative interface 
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• Customer orientation on accessibility features and multi-language support 

• Documentation of the system’s design contributions 

Each sprint incorporates planning, development, testing, and review stages to ensure alignment 

with BEDC’s operational needs. Development is guided by user stories and acceptance criteria, 

with emphasis on key BSDF components such as customer-focused interface design, sector-

specific security measures, and operational efficiency. 

3.5 Tools and Technologies Used 

The following tools and technologies were selected based on their compatibility with the 

BSDF framework, scalability, and cost-effectiveness within BEDC’s operational 

environment: 

Front-end Technologies: 

• HTML5 for semantic structuring with enhanced accessibility for varied literacy levels 

• CSS3 with Bootstrap 4 for responsive design optimized for Nigerian mobile usage patterns 

• JavaScript (ES6+) to enable interactivity, including multilingual switching and offline 

capabilities 

• Custom CSS modules for BEDC branding and high-contrast accessibility themes 

Back-end Technologies: 

• PHP 8.0 for server-side processing, chosen for its open-source nature, widespread hosting 

support in Nigeria, and seamless integration with MySQL 

• Custom PHP modules for power sector-specific operations such as geographic complaint 

routing and automated classification 

• JWT implementation for secure authentication adapted to BEDC’s multi-departmental 

access structure 
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Database Management: 

• MySQL 8.0 for relational data management using a schema tailored to power utility 

operations 

• Optimized indexing strategies for efficient complaint retrieval 

• Automated backup systems to ensure the preservation of critical complaint data 

Development and Testing Environment: 

• Visual Studio Code with extensions supporting PHP development and accessibility testing 

• XAMPP for local development and system testing 

• Git for version control, using a branching strategy aligned with iterative BSDF development 

• Custom testing frameworks for validating power sector-specific functionalities 

Design and Modeling Tools: 

• Figma for wireframing with emphasis on accessibility and multilingual interface design 

• MySQL Workbench for database modeling and schema design 

• Draw.io for system architecture diagrams and workflow visualization 

Testing and Quality Assurance: 

• Selenium WebDriver for automated testing of accessibility and multilingual features 

• Postman for validating APIs and power sector data interactions 

• WAVE for accessibility compliance testing 

• Custom performance testing tools adapted to typical Nigerian internet conditions 

These tools align with the BSDF framework while ensuring compatibility with BEDC’s 

infrastructure and the broader Nigerian technological environment, as noted by Ibrahim and 

Musa (2020). 
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3.6 System Requirements 

The system requirements are classified into hardware and software specifications, taking into 

consideration BEDC’s operational environment and the requirements of the BSDF framework: 

3.6.1 Hardware Requirements 

Client Side (Customer Access): 

• Computer or Smartphone: Any device with a modern web browser, optimized for low-end 

Android devices commonly used in Nigeria 

• Memory: Minimum of 1GB RAM, optimized for budget smartphones through a lightweight 

system design 

• Internet Connection: Minimum of 256 Kbps, with offline functionality to support 

intermittent connectivity 

• Screen Resolution: Responsive design supporting a minimum width of 320px for older 

smartphone models 

Client Side (BEDC Staff): 

• Computer: Desktop or laptop with at least 2GB RAM for administrative operations 

• Display: Minimum resolution of 1024×768 for full dashboard functionality 

• Internet Connection: Stable broadband connection (minimum 1Mbps) for real-time 

complaint handling 

Server Side (BEDC Infrastructure): 

• Server Hardware: Minimum of 4GB RAM, 2.0 GHz dual-core processor, and 100GB SSD 

storage 

• Network Infrastructure: Redundant internet connections to maintain system availability 

during peak complaint periods 
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• Backup Systems: Secondary server to ensure data redundancy and disaster recovery 

• Load Handling: Capacity to support up to 500 concurrent users during large-scale outage 

reporting 

Database Server: 

• Dedicated Server: 8GB RAM with a quad-core processor for optimal MySQL performance 

• Storage: 200GB SSD with automated backup functionality 

• Network: Gigabit Ethernet connection to enable fast data access and replication 

 

3.6.2 Software Requirements 

Client Side (Customer Access): 

• Operating System: Compatible with modern systems including Windows 7+, macOS 

10.12+, Linux distributions, Android 5.0+, and iOS 10+ 

• Web Browser: Chrome 70+, Firefox 65+, Safari 12+, Edge 44+, or equivalent mobile 

browsers 

• Browser Features: JavaScript enabled with localStorage support for offline capabilities 

• Accessibility: Compatibility with screen readers such as NVDA, JAWS, and VoiceOver 

Client Side (BEDC Staff): 

• Operating System: Windows 10+ or Linux (Ubuntu 18.04+) for administrative workstations 

• Web Browser: Latest versions of Chrome or Firefox for optimal performance 

• Additional Software: PDF reader for report generation and spreadsheet tools for data export 

Server Side (BEDC Infrastructure): 

• Operating System: Ubuntu Server 20.04 LTS or CentOS 8 for stability and security 
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• Web Server: Apache 2.4+ with SSL/TLS support for secure communication 

• Runtime Environment: PHP 8.0+ with required extensions (mysqli, json, openssl, mbstring) 

• Database System: MySQL 8.0+ utilizing the InnoDB engine for transaction support 

• Security: Valid SSL certificate to enable HTTPS implementation 

• Backup Solution: Automated backup software for reliable data protection 

Development Environment: 

• Code Editor: Visual Studio Code with PHP and MySQL extensions 

• Local Server: XAMPP or LAMP stack for development and testing 

• Version Control: Git for source code management and collaboration 

• Database Tools: MySQL Workbench for database design and administration 

These requirements ensure compatibility across BEDC’s diverse infrastructure while 

supporting the BSDF framework features, particularly the accessibility and multilingual 

components tailored to Nigeria’s diverse user population. 

3.7 Summary 

This chapter outlined the methodology for the design and implementation of a web-based 

complaint management system, with particular emphasis on the study’s original contribution—

the BEDC-Specific Design Framework (BSDF). The comprehensive system analysis revealed 

notable inefficiencies in BEDC’s manual processes, including prolonged response times 

(averaging 14–30 days), limited transparency, and accessibility challenges for diverse customer 

groups. 

The key contribution of this study is the development of the BSDF, which addresses these 

issues through four core components: Customer-Centric Interface Design (targeting 

multilingual and accessibility needs), Power Sector-Specific Security Design (ensuring data 
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protection and regulatory compliance), Operational Efficiency Design (streamlining BEDC 

workflows), and Customer Experience Optimization (improving user satisfaction throughout 

the complaint lifecycle). 

The proposed system, developed using a three-tier architecture with HTML, CSS, JavaScript, 

PHP, and MySQL, incorporates advanced features such as intelligent complaint routing, 

geographic mapping for outage management, multilingual support to reflect Nigeria’s 

linguistic diversity, and accessibility features for users with varying levels of digital literacy. 

The adoption of Agile methodology supports iterative development and continuous validation 

of BSDF components, while the selected tools and technologies ensure scalability and 

compatibility with Nigeria’s technological environment. 

Furthermore, the defined system requirements promote accessibility across a wide range of 

devices and operational contexts, from low-end smartphones to BEDC administrative systems. 

Overall, the methodology provides a solid framework for developing a complaint management 

system that enhances operational efficiency and stakeholder satisfaction, while also delivering 

innovative design solutions tailored to the specific challenges of Nigeria’s power sector. 

The BSDF framework therefore represents a meaningful contribution to the field of utility 

complaint management systems, offering a replicable approach for designing user-centered 

solutions in developing country contexts, particularly within the unique operational landscape 

of power utilities. 
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CHAPTER FOUR 

SYSTEM IMPLEMENTATION AND EVALUATION 

4.1 Introduction 

This chapter presents the implementation, testing, and evaluation of the web-based public 

complaint management system (CMS) developed for the university’s Student Affairs Division. 

The system utilizes the MERN stack (MongoDB, Express.js, React, Node.js) to address the 

limitations of the existing manual complaint process, such as delayed responses and lack of 

transparency, as identified in Chapter Three. The chapter discusses the development process, 

testing strategies, performance evaluation, challenges encountered, and system documentation, 

ensuring alignment with the project objectives of improving efficiency, accessibility, and 

transparency in complaint management. 

4.2 System Implementation 

The implementation phase involved configuring the development environment, developing 

both front-end and back-end components, integrating the MongoDB database, and deploying 

the system. This section outlines each stage to ensure that the CMS satisfies the functional 

requirements defined in Chapter Three. 

4.2.1 Environment Setup and Configuration 

The development environment was set up on a local machine running Ubuntu 20.04 LTS. 

Node.js (version 16.x) was installed to support both Express.js and React development, while 

MongoDB Community Edition (version 6.0) was used for database management. Visual Studio 

Code was utilized as the primary development tool, supported by extensions for JavaScript 

debugging, alongside Git for version control. 
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The production environment was deployed on a cloud-based server with 4GB RAM, a 2.0 GHz 

processor, and 50GB storage, running Node.js and MongoDB. The server was configured with 

HTTPS using an SSL certificate to ensure secure data transmission, in line with the 

recommendations outlined in Chapter Three. 

4.2.2 Development of Front-End and Back-End Components 

The front-end was developed using React (version 18.x) to provide a dynamic, component-

based user interface, styled with CSS3 and Bootstrap 5 for responsiveness. Key components 

include: 

• Login Page: A secure authentication interface utilizing JWT-based authentication and 

input validation 

• Complaint Submission Form: Enables users to select complaint categories (e.g., 

academic, administrative), provide detailed descriptions, and assign priority levels 

• User Dashboard: Displays real-time complaint status and history through React state 

management 

• Admin Panel: Allows administrators to view, categorize, and respond to complaints, 

supported by role-based access control 

The back-end was implemented using Node.js (version 16.x) and Express.js (version 4.x) to 

manage server-side operations and RESTful API endpoints for authentication, complaint 

submission, and status updates. The Model-View-Controller (MVC) architecture was adopted 

to enhance maintainability, with clearly defined routes for CRUD operations (Create, Read, 

Update, Delete) on both complaint and user data. 
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4.2.3 Database Implementation and Integration 

• The MongoDB database was structured into collections for users, complaints, 

responses, and categories, leveraging its NoSQL flexibility as highlighted by Nwosu et 

al. (2023). The schema includes: 

•  Users Collection: Stores user details such as ID, username, password hash, and role 

• Complaints Collection: Contains complaint information including ID, user ID, 

category, description, status, and timestamp 

• Responses Collection: Records administrative responses with corresponding 

timestamps 

• Categories Collection: Defines complaint categories such as academic and 

administrative 

Relationships were managed using a combination of embedded documents and references, with 

indexing applied to improve query efficiency. Integration between the back-end and MongoDB 

was achieved using the Mongoose Object Data Modeling (ODM) library, ensuring secure and 

efficient data handling. Additionally, sample data was seeded to simulate real-world scenarios 

during system testing. 

4.2.4 System Deployment 

The system was deployed on a cloud-based server using a Node.js runtime environment, with 

MongoDB hosted on the same server. The application codebase was uploaded via Git, and 

environment variables were configured to secure API access, including the JWT secret key and 

MongoDB connection string. 

Nginx was configured as a reverse proxy to manage HTTP requests and enable HTTPS through 

SSL certification. Post-deployment testing confirmed that the system was accessible across 
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standard web browsers, including Chrome and Firefox, and functioned effectively on both 

desktop and mobile devices. 

4.3 System Testing 

System testing was carried out to evaluate the functionality, usability, security, and 

performance of the application, ensuring that it meets the requirements specified in Chapter 

Three. 

4.3.1 Testing Objectives and Methods 

The primary objectives of testing were to ensure: 

• Functionality: All system features, such as complaint submission and real-time 

tracking, operate as intended.  

• Usability: The interface is user-friendly and easy to navigate for both students and 

administrators.  

• Security: Data is adequately protected against unauthorized access and potential 

vulnerabilities.  

• Performance: The system can efficiently handle multiple users simultaneously without 

degradation in performance.  

The following testing methods were employed: 

• Unit Testing: Individual components, including React components and API endpoints, 

were tested using Jest for the front-end and Mocha for the back-end.  

• Integration Testing: Interactions between the React front-end, Express.js back-end, 

and MongoDB database were verified.  
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• System Testing: Comprehensive end-to-end testing of the entire CMS workflow was 

conducted.  

• User Acceptance Testing (UAT): Performed with 20 students and 5 staff members to 

assess usability and overall system functionality. 

4.3.2 Test Cases and Results 

Representative test cases and their outcomes include: 

• Test Case 1: User Login  

o Input: Valid username and password  

o Expected Output: JWT generated and user redirected to the dashboard  

o Result: Passed  

• Test Case 2: Complaint Submission  

o Input: Complaint containing category, description, and priority  

o Expected Output: Complaint successfully stored in MongoDB with 

confirmation displayed  

o Result: Passed  

• Test Case 3: Invalid Input Handling  

o Input: Empty complaint description  

o Expected Output: Error message displayed and submission blocked  

o Result: Passed  

• Test Case 4: Admin Response  

o Input: Administrator updates complaint status and provides a response  

o Expected Output: Update saved in the database and user notified  

o Result: Passed  
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All major test cases were successfully executed. Minor issues, such as user interface alignment 

on mobile devices, were identified and resolved during the development process. 

4.3.3 Tools Used for Testing 

• Jest: For unit testing React components. 

• Mocha and Chai: For back-end API testing. 

• Postman: For manual testing of RESTful APIs. 

• Cypress: For end-to-end testing of user workflows. 

• MongoDB Compass: For database inspection and query testing. Manual testing was 

conducted to verify accessibility features, such as keyboard navigation and high-

contrast themes. 

4.4 System Evaluation 

The system was evaluated based on performance, usability, security, and comparison with the 

existing manual system to assess its effectiveness. 

4.4.1 Performance and Usability Assessment 

Performance tests measured response times for key operations: 

• Complaint submission: Average 1.2 seconds. 

• Status retrieval: Average 0.8 seconds. 

• Concurrent users: The system handled up to 100 simultaneous users with no significant 

latency, tested using JMeter. 

Usability was assessed during UAT with 20 students and 5 staff members. Feedback indicated 

high satisfaction with the intuitive interface, real-time tracking, and accessibility features (e.g., 
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high-contrast themes, keyboard navigation). The average System Usability Scale (SUS) score 

was 82, indicating excellent usability. 

4.4.2 Security Evaluation 

Security tests confirmed: 

• Data Encryption: HTTPS and JWT ensured secure data transmission and 

authentication. 

• Vulnerability Testing: Tests using OWASP ZAP identified no critical vulnerabilities 

(e.g., SQL injection, XSS). 

• Access Control: Role-based access restricted admin functions to authorized users only. 

4.4.3 Comparison with Existing Systems 

Compared to the manual system, the CMS reduced complaint processing time from 7–14 days 

to 1–3 days, improved transparency with real-time updates, and eliminated record loss through 

MongoDB’s centralized storage. Compared to basic digital systems (e.g., email-based), the 

CMS offered superior tracking, automation, and data analytics, aligning with findings by 

Manalu et al. (2019). 

4.5 Challenges and Solutions 

4.5.1 Implementation Challenges 

• Technical Challenges: Initial MongoDB connection issues due to incorrect 

configuration strings. 

• User Challenges: Some students were unfamiliar with web-based systems, leading to 

hesitation in adoption. 

• Resource Constraints: Limited time restricted extensive cross-browser testing. 
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4.5.2 Mitigation Strategies 

• Technical Solutions: Debugged MongoDB connections using Mongoose logs and 

updated environment variables. 

• User Training: Conducted training sessions for 30 students and 10 staff members to 

demonstrate system usage. 

• Resource Management: Prioritized testing on major browsers (Chrome, Firefox) and 

used emulators for mobile testing. 

4.6 System Documentation 

4.6.1 User and Technical Documentation 

• User Manual: Guides students on registering, submitting complaints, and tracking 

status; guides administrators on managing complaints and generating reports. 

• Technical Documentation: Details the MERN stack architecture, API endpoints, 

MongoDB schema, and setup instructions for developers. 

4.6.2 Maintenance Guidelines 

• Regular updates to Node.js and MongoDB to address security patches. 

• Monitoring server performance and scaling resources as user base grows. 

• Backing up MongoDB data weekly to prevent data loss. 

4.7 Summary 

This chapter detailed the implementation, testing, and evaluation of the web-based Complaint 

Management System (CMS) developed for BEDC. The system was successfully designed, 

deployed, and tested, achieving the study’s objectives of improved efficiency, transparency, 

and accessibility in complaint handling. Testing verified that all functionalities operate 
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correctly, the interface is user-friendly, and data security measures are effective. Evaluation 

demonstrated significant improvements compared to the existing manual system, with faster 

complaint resolution, better tracking, and enhanced communication with customers. Identified 

challenges, such as minor UI issues and user adaptation, were mitigated through technical 

adjustments and user guidance. Comprehensive documentation was provided to ensure system 

maintainability and user support. This chapter provides the foundation for Chapter Five, where 

recommendations for broader adoption and continuous improvement of the CMS will be 

presented. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Introduction 

This chapter concludes the study on the design and implementation of a web-based public 

complaint management system (CMS) for the university’s Student Affairs Division. It reflects 

on the system’s effectiveness in achieving the project objectives and offers recommendations 

for future improvements to ensure sustainability and wider applicability. 

5.2 Conclusion 

The web-based CMS, developed using the MERN stack (MongoDB, Express.js, React, 

Node.js), effectively achieved the study’s objectives of enhancing efficiency, transparency, and 

accessibility in complaint handling. The system mitigated the inefficiencies of the manual 

process by enabling online complaint submission, real-time tracking, secure data storage, and 

automated notifications. Implementation and testing, as detailed in Chapter Four, confirmed 

the system’s functionality, usability (with a System Usability Scale score of 82), and security, 

reducing complaint processing time from 7–14 days to 1–3 days. The Agile methodology 

facilitated iterative development, incorporating user feedback to deliver a user-friendly and 

scalable platform. This study illustrates the potential of modern web technologies to transform 

grievance management in universities, improving stakeholder satisfaction and institutional 

efficiency. 

5.3 Recommendations 

To enhance the CMS’s performance and ensure its long-term success, the following 

recommendations are proposed: 

1. Mobile Application Development: Create a mobile app using React Native to improve 

accessibility for smartphone users, complementing the web platform.  
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2. Advanced Features: Integrate machine learning for automated complaint prioritization 

and sentiment analysis to identify urgent issues, further enhancing efficiency.  

3. Integration with Existing Systems: Connect the CMS with the university’s enterprise 

resource planning (ERP) system to streamline administrative workflows.  

4. User Training Programs: Implement continuous training initiatives to increase 

adoption among students and staff, ensuring ease of use.  

5. Scalability Enhancements: Upgrade server infrastructure and implement load 

balancing to accommodate a growing user base and maintain performance during peak 

periods.  

6. Regular Maintenance: Schedule timely updates for Node.js and MongoDB to address 

security patches and maintain system reliability.  

7. Broader Evaluation: Conduct user acceptance testing with a larger, more diverse 

sample to validate the system’s effectiveness across the university community.  
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