DESIGN AND IMPLEMENTATION OF AN AUTOMATED COURSE ALLOCATION SYSTEM USING BACKTRACKING MECHANISM ALGORITHM
(A CASE STUDY OF KWARA STATE POLYTECHNIC, ILORIN)
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CHAPTER ONE

INTRODUCTION
1.1 Background of the Study
In higher institutions of learning such as polytechnics and universities, course allocation is a fundamental academic and administrative activity. It involves assigning available courses to qualified lecturers within a department or faculty, based on certain parameters such as specialization, availability, and academic workload. Traditionally, this process is done manually by departmental heads or course coordinators who rely on spreadsheets, paper-based records, or memory to perform the allocation. While this method might suffice in departments with a few staff and limited courses, it becomes increasingly inefficient and error-prone as the institution grows.
As the academic structure becomes more complex, the manual course allocation system faces serious limitations. These include time consumption, lack of transparency, human error, unfair distribution of workload, and difficulty in managing changes or reallocations. In some cases, lecturers are assigned to teach outside their specialization or are overloaded with multiple courses, resulting in poor academic delivery and dissatisfaction.
The introduction of an automated course allocation system becomes a necessary step in resolving these challenges. A particularly suitable technique for building such a system is the Backtracking Mechanism Algorithm. This algorithm is an intelligent and recursive approach that explores all possible combinations of course allocations. If a solution violates any set constraint (e.g., over-allocating a lecturer), the system backtracks and tries an alternative solution until a valid one is found.
The use of the backtracking algorithm allows the system to search for optimal and feasible solutions while adhering to academic rules. It ensures that no lecturer is assigned more courses than their maximum load, and that each course is handled by someone within the required area of expertise. The end goal is to automate the entire process in a way that promotes fairness, efficiency, and transparency.
This research is centered on the Kwara State Polytechnic, Ilorin, and it seeks to design and implement a fully functional automated course allocation system that uses the backtracking algorithm to handle all necessary constraints and make the allocation process easier, faster, and more accurate.
1.2 Statement of the Problem
At Kwara State Polytechnic, course allocation is still largely managed manually. This existing method has proven to be ineffective for the following reasons:
· It is time-consuming, especially when the number of lecturers and courses is high.
· There is a high risk of human error, such as mismatching courses with unqualified lecturers.
· The process lacks transparency, which may lead to biased allocation or dissatisfaction among staff.
· It does not allow for easy adjustments or reallocation, especially when changes in academic staff or course structure occur.
· There is limited record tracking, making it hard to review previous allocations or audit decision-making processes.
Due to these issues, there is an urgent need for a system that can automate the course allocation process, considering all relevant factors and generating efficient and fair results without human bias.
1.3 Aim and Objectives of the Study
Aim:
The main aim of this study is to design and implement an automated course allocation system using the backtracking mechanism algorithm, focusing on the needs of Kwara State Polytechnic, Ilorin.
Objectives:
The specific objectives of this project are to:
1. Study and analyze the current course allocation process in use.
2. Design a backtracking-based algorithm for efficient course allocation.
3. Develop a software application that automates course allocation based on predefined constraints.
4. Ensure fairness and accuracy in the distribution of courses to lecturers.
5. Create an easy-to-use interface for departmental administrators.
6. Evaluate the performance of the automated system in comparison to the manual method.
1.4 Significance of the Study
This study is significant in several ways:
· To Academic Departments: The system will reduce the administrative burden and increase productivity by automating a repetitive and complex task.
· To Lecturers: It promotes fairness by ensuring that only suitable courses are assigned, and workloads are balanced.
· To the Institution: It enhances institutional efficiency, improves transparency, and reduces complaints or conflicts related to course assignment.
· To Future Researchers: The study provides a foundation for further research in educational automation, algorithms in scheduling, and artificial intelligence in academic planning.
By addressing the challenges of manual course allocation, this study contributes to the modernization of academic management systems in Nigerian polytechnics.
1.5 Scope of the Study
This study focuses on the development of an automated course allocation system for a single academic department within Kwara State Polytechnic, Ilorin. The system is designed to:
· Allocate courses to lecturers based on specialization, availability, and workload.
· Use a backtracking algorithm to optimize allocation paths.
· Generate reports on the allocation process.
The study does not cover:
· Timetable generation or scheduling of lectures.
· Allocation of practical/laboratory sessions.
· Course allocation across multiple departments or faculties (although it can be extended in the future).
1.6 Limitation of the Study
The limitations encountered in the course of this study include:
· Data Accessibility: Difficulty in accessing real-time data due to privacy and institutional restrictions.
· Algorithm Complexity: The backtracking method can be computationally expensive for large-scale data sets, which may affect performance if not optimized.
· Limited Scope: The system is implemented at a departmental level and may require further development to support multi-departmental or cross-faculty course allocation.

1.7 Definition of Terms
· Course Allocation: The process of assigning academic courses to qualified lecturers based on specialization, workload, and other criteria.
· Backtracking Algorithm: A recursive algorithm used for solving constraint satisfaction problems by exploring possible options and undoing choices that violate conditions.
· Automation: The use of technology to perform tasks with minimal human intervention.
· Constraint: A rule or condition that limits or governs a process, such as a lecturer’s workload limit or area of specialization.
· Optimization: The act of improving a process to achieve the best possible outcome under given constraints.
· System Design: The process of defining the architecture and components of a computer-based solution.
· Lecturer Profile: A database record that includes a lecturer’s qualifications, area of expertise, and course capacity.


CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction
In the contemporary era of digital transformation, educational institutions are rapidly shifting from manual processes to automated systems in order to enhance efficiency, accuracy, and effectiveness. One of such critical administrative operations is course allocation — a process that involves assigning courses to qualified academic staff based on certain rules and constraints such as area of specialization, workload, departmental structure, and availability. This chapter presents a detailed review of existing literature on course allocation methods, their evolution over time, the challenges inherent in traditional approaches, and the emerging role of algorithms such as the backtracking mechanism in providing viable solutions. It also outlines the theoretical framework guiding this study and explores past works in similar areas.
2.2 Conceptual Clarification of Course Allocation
Course allocation refers to the strategic assignment of academic courses to lecturers within an educational institution. This process plays a pivotal role in determining the quality of education delivery and academic performance. It ensures that lecturers are assigned courses they are qualified to teach, while also balancing workloads equitably and ensuring smooth academic operations.
In most institutions, the Head of Department (HOD) is responsible for assigning courses to lecturers. However, the process is often influenced by human bias, inadequate information, or pressure from staff, leading to inefficiencies and dissatisfaction. This underpins the need for an intelligent, automated course allocation system that adheres strictly to rules and constraints, while being dynamic and adaptable.
2.3 Evolution of Course Allocation Systems
Historically, course allocation was handled manually, using paper-based records or basic spreadsheets. While this may suffice in small departments, it becomes cumbersome and error-prone in large institutions with hundreds of courses and lecturers.
2.3.1 Manual Systems
Manual systems involve heads of departments manually assigning courses based on memory or printed lists. These systems are slow, lack transparency, and are often influenced by favoritism or oversight.
2.3.2 Spreadsheet-Based Systems
Some institutions have adopted Microsoft Excel or Google Sheets to track allocations, but such tools lack intelligent decision-making capability. They are also susceptible to human error and not scalable for larger institutions.
2.3.3 Rule-Based Systems
These systems operate based on fixed rules, such as ensuring no lecturer is assigned more than three courses, or each lecturer teaches within their area of specialization. While better than manual systems, they lack the flexibility to handle dynamic constraints or complex decision-making.


2.3.4 Intelligent Systems
Advanced institutions now employ intelligent systems powered by algorithms such as genetic algorithms, simulated annealing, or backtracking to handle course allocation. These systems are constraint-aware, dynamic, and can optimize decisions in real-time.
2.4 Review of Related Works
Numerous studies have been carried out in the field of course allocation and resource scheduling in education:
· Oladele and Adeyemi (2017) developed a staff course allocation system using a weighted scoring method. The system prioritized lecturers based on experience and academic level. However, it lacked constraint satisfaction flexibility.
· Akintunde and Oluwagbemi (2019) implemented a hybrid decision support system that considered departmental hierarchy and staff preferences. Although efficient, it was not designed to resolve conflicts when constraints clashed.
· Ogundele et al. (2020) designed a model using a greedy algorithm for course allocation in Nigerian polytechnics. Their system was fast but failed to yield optimal results when many constraints were present.
· Eze and Iwuji (2021) proposed a web-based lecturer-course assignment system with basic automation but reported challenges in updating lecturer data and resolving conflicts dynamically.
· Singh and Kumar (2022) highlighted the power of backtracking algorithms in solving scheduling problems, emphasizing their ability to handle constraint violations by revisiting previous decisions and trying alternative solutions.
From the review above, it is evident that while efforts have been made to automate course allocation, most systems fall short in dealing with constraint complexities and conflicts. This highlights the need for a robust algorithm like backtracking, capable of efficiently navigating constraint satisfaction problems.
2.5 Backtracking Algorithm and Its Relevance
The backtracking algorithm is a form of recursion that is used to solve problems incrementally, trying out all possibilities to reach a solution. When the current path leads to a conflict or constraint violation, the algorithm “backtracks” and tries a different path. It is an exhaustive search technique but can be optimized to improve performance.
2.5.1 Principles of Backtracking
Backtracking works by:
· Attempting to assign a value (e.g., lecturer) to a variable (e.g., course),
· Checking if the assignment violates any constraints (e.g., specialization, workload),
· Continuing if valid or backtracking if not,
· Exploring alternate paths until a valid and optimal configuration is found.
2.5.2 Why Backtracking is Suitable for Course Allocation
· Flexibility: Allows trying different course-lecturer combinations without permanent commitment.
· Constraint Handling: Effectively deals with complex constraints.
· Exhaustiveness: Ensures all potential valid allocations are explored.
· Conflict Resolution: Capable of resolving allocation conflicts dynamically.
2.6 Theoretical Framework
This research is anchored on the Constraint Satisfaction Problem (CSP) framework. A CSP is a mathematical problem defined by a set of objects whose state must satisfy a number of constraints or limitations. In course allocation:
· Variables = Courses
· Domains = List of lecturers
· Constraints = Subject specialization, maximum workload, availability, departmental requirements
The backtracking algorithm is a standard method for solving CSPs, which makes it highly suitable for this research. CSPs are commonly used in artificial intelligence and operations research for decision-making in scheduling, resource allocation, and planning.
2.7 Benefits of Automated Course Allocation Systems
Automating the course allocation process brings numerous advantages, including:
· Speed and Efficiency: Reduces time spent by HODs on manual assignment.
· Objectivity: Eliminates favoritism and bias.
· Error Reduction: Minimizes the likelihood of duplications or misallocations.
· Adaptability: Easily accommodates changes in staff or course structure.
· Data-Driven Decisions: Ensures decisions are based on verified data rather than assumptions.
2.8 Challenges in Existing Course Allocation Approaches
Despite the advancement in automation, existing approaches still face the following challenges:
· Inflexibility: Many systems cannot easily adapt to new constraints.
· Lack of Conflict Resolution: Most algorithms fail when constraints are contradictory.
· Limited Scalability: Some systems cannot handle large datasets with multiple departments and courses.
· Poor User Interfaces: Many systems are not user-friendly and lack intuitive dashboards for academic administrators.
· High Maintenance: Some systems require regular updates and technical support that many institutions cannot afford.
These limitations emphasize the need for a more intelligent and robust solution — a gap which this study seeks to fill using backtracking.
2.9 Summary of Literature Gaps
Upon reviewing existing systems and approaches, the following gaps have been identified:
· Inability to backtrack or undo allocations that result in constraint violations.
· Poor optimization in matching lecturers to the most suitable courses.
· Lack of transparency in decision-making processes.
· Inadequate consideration for all institutional constraints.
This project seeks to address these gaps by implementing a course allocation system that intelligently navigates constraints using the backtracking algorithm, ensuring optimal and conflict-free course assignment.
2.10 Summary
[bookmark: _GoBack]This chapter has explored the concept, history, and development of course allocation systems in academic institutions, while evaluating both manual and automated approaches. It has highlighted various research contributions in the field, analyzed their limitations, and provided a strong justification for adopting the backtracking algorithm as a solution. Furthermore, it presented the theoretical foundation of this research within the framework of Constraint Satisfaction Problems. In the next chapter, we delve into the system analysis and design which outlines the methodology used in developing the proposed automated course allocation system for Kwara State Polytechnic.
