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ABSTRACT 
The preparation of academic timetables in higher institutions is often a complex and time-consuming task due to the 

need to coordinate courses, lecturers, classrooms, and time slots while avoiding scheduling conflicts. This study 

presents the design and implementation of an Automated Timetable Generation System for Katsina State Institute of 

Technology and Management (KSITM) to improve the efficiency and accuracy of timetable scheduling. The system 

utilizes predefined constraints, including lecturer availability, course requirements, and venue capacity, to 

automatically generate conflict-free timetables. A structured system development approach was employed, covering 

requirements analysis, design, implementation, testing, and evaluation. The developed system incorporates an 

optimization-based scheduling algorithm and a centralized database to ensure effective resource allocation and 

management. Evaluation results indicate that the system significantly reduces the time required for timetable 

preparation, minimizes human errors, improves resource utilization, and allows easy modification of schedules when 

necessary. The study concludes that the automated system provides a reliable and efficient solution for academic 

scheduling at KSITM and can serve as a model for similar institutions seeking to enhance their timetable 

management processes. 
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INTRODUCTION 

The rapid advancement of information and communication technology has transformed the way 

organizations manage and automate complex administrative processes. In educational institutions, one of 

the most challenging administrative tasks is the preparation of academic timetables. Timetabling involves 

the allocation of available resources such as lecturers, classrooms, laboratories, courses, and time slots in 

a manner that satisfies institutional requirements while avoiding scheduling conflicts. The process is often 

characterized by numerous constraints and requirements, making it a difficult combinatorial optimization 

problem that requires careful planning and coordination (Aizam & Caccetta, 2014; Chen et al., 2021). 

Academic timetabling plays a critical role in ensuring the smooth operation of teaching and learning 

activities within higher institutions, as it directly affects students, lecturers, and administrative staff. 

Traditionally, timetable preparation in many tertiary institutions is performed manually using 

spreadsheets, paper-based records, or trial-and-error methods. Although these approaches may be suitable 

for institutions with a small number of courses and students, they become increasingly inefficient as 

institutional size and complexity grow. Manual scheduling is often time-consuming, prone to human 

error, and difficult to modify when changes occur during an academic session. Common problems 

associated with manual timetable preparation include lecturer clashes, venue conflicts, uneven 

distribution of courses, underutilization of resources, and delays in timetable publication. These 

challenges can negatively affect academic activities and reduce administrative efficiency. 

Educational timetabling has attracted significant attention from researchers because of its complexity and 

practical importance. According to Ceschia, Di Gaspero, and Schaerf (2023), educational timetabling 

involves assigning academic activities to limited resources while satisfying a set of hard and soft 

constraints. Hard constraints are mandatory requirements that must not be violated, such as preventing a 

lecturer or classroom from being assigned to more than one course at the same time. Soft constraints, on 

the other hand, represent desirable conditions, such as lecturer preferences, balanced workloads, and 

optimal classroom utilization. The ability to satisfy both categories of constraints is essential for 

producing effective and acceptable academic schedules. 

Recent studies have shown that automated timetabling systems can significantly improve scheduling 

efficiency and resource utilization in higher education institutions. The integration of optimization 

algorithms and computerized scheduling techniques enables institutions to generate conflict-free 

timetables within a shorter period compared to manual methods. Furthermore, automated systems can 

quickly adapt to changes in course allocations, lecturer availability, and venue assignments without 

requiring the entire timetable to be recreated. As educational institutions continue to expand their 

academic programmes and student populations, the need for intelligent scheduling solutions becomes 

increasingly important (Oude Vrielink et al., 2019). 

Katsina State Institute of Technology and Management (KSITM) is a tertiary institution established to 

provide quality education and training in technology, management, and related disciplines. Like many 

higher institutions, the institute faces challenges associated with the preparation and management of 

academic timetables. The increasing number of students, courses, lecturers, and academic departments 

has made manual timetable generation more complex and difficult to manage effectively. The need to 

allocate lecture halls, laboratories, and instructors while avoiding conflicts often requires considerable 

time and effort from administrative personnel. Consequently, there is a need for a more efficient and 

reliable approach to timetable management within the institution. 

The adoption of an Automated Timetable Generation System offers a practical solution to these 

challenges. Such a system can automate the scheduling process by considering predefined constraints and 

generating optimal or near-optimal timetables. By reducing human intervention, the system minimizes 

scheduling errors, enhances resource allocation, improves transparency, and ensures timely publication of 

academic schedules. Additionally, automated timetable systems provide flexibility for future 

modifications and can support decision-making processes related to academic planning and resource 

management. 

Mubarak et al.  ..….. Int. J.  Innovative Info. Systems & Tech. Res. 14 (2):216-224, 2026 
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This study therefore focuses on the design and implementation of an Automated Timetable Generation 

System for Katsina State Institute of Technology and Management. The system is intended to automate 

the timetable creation process, eliminate scheduling conflicts, improve administrative efficiency, and 

facilitate effective utilization of institutional resources. The outcome of the study is expected to contribute 

to the modernization of academic scheduling processes within the institution and serve as a model for 

other tertiary institutions facing similar challenges. 

 

BENEFITS OF THE AUTOMATED TIMETABLE GENERATION SYSTEM 

The implementation of an Automated Timetable Generation System at Katsina State Institute of 

Technology and Management (KSITM) offers numerous benefits to students, lecturers, administrators, 

and the institution as a whole. One of the primary advantages of the system is the reduction of scheduling 

conflicts. By automatically considering constraints such as lecturer availability, classroom allocation, 

course requirements, and time slots, the system minimizes the occurrence of clashes that are common in 

manually prepared timetables. This leads to a more organized academic environment and ensures that 

teaching and learning activities proceed without unnecessary disruptions (Ceschia et al., 2023). 

Another significant benefit is the improvement in administrative efficiency. Manual timetable preparation 

often requires substantial time and effort from academic and administrative staff. Automated scheduling 

systems can generate complete timetables within a short period while maintaining accuracy and 

consistency. This enables administrators to focus on other critical institutional responsibilities rather than 

spending excessive time on repetitive scheduling tasks (Oude Vrielink et al., 2019). The automation of 

timetable generation also reduces the likelihood of human errors that may result from manual data entry 

and schedule adjustments. 

The system further enhances the utilization of institutional resources. Effective allocation of classrooms, 

lecture halls, laboratories, and teaching personnel ensures that available resources are optimally used. 

Automated scheduling algorithms can identify the most suitable venues based on capacity and 

availability, thereby reducing resource wastage and preventing overbooking or underutilization of 

facilities (Aizam & Caccetta, 2014). Efficient resource management contributes to improved operational 

effectiveness and supports institutional growth. 

In addition, the Automated Timetable Generation System improves flexibility and adaptability in 

academic planning. Educational institutions frequently experience changes such as course additions, 

lecturer transfers, venue unavailability, and modifications to academic calendars. An automated system 

allows such changes to be incorporated quickly without requiring the complete reconstruction of the 

timetable. This flexibility enables institutions to respond effectively to unexpected circumstances and 

maintain continuity in academic activities (Chen et al., 2021). 

The system also promotes transparency and accessibility of scheduling information. Timetables generated 

through a centralized digital platform can be easily accessed by students, lecturers, and administrators. 

This improves communication, reduces confusion regarding lecture schedules, and facilitates timely 

dissemination of timetable updates. Easy access to accurate scheduling information enhances user 

satisfaction and supports effective academic planning (Oude Vrielink et al., 2019). 

Furthermore, automated timetable generation contributes to improved decision-making processes. The 

system maintains a centralized database containing information about courses, lecturers, departments, and 

venues, which can be used for institutional planning and policy formulation. Administrators can analyze 

scheduling patterns, resource utilization rates, and academic workload distributions to make informed 

decisions regarding future academic sessions and infrastructure development (Chen et al., 2021). 

The implementation of the system also enhances the quality of academic service delivery. Students 

benefit from well-structured schedules that reduce overlapping classes and provide a balanced distribution 

of courses throughout the week. Lecturers similarly benefit from fair workload allocation and reduced 

scheduling conflicts. Consequently, the institution can achieve a more efficient academic environment 

that supports teaching effectiveness and student learning outcomes (Ceschia et al., 2023). 
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Overall, the Automated Timetable Generation System provides a reliable, efficient, and scalable solution 

to the challenges associated with manual timetable preparation. Its adoption at KSITM is expected to 

improve administrative productivity, optimize resource utilization, reduce operational costs, enhance 

stakeholder satisfaction, and support the institution’s long-term academic and technological development. 

 

METHODOLOGY 

Introduction 

This chapter describes the methodology adopted for the design and implementation of the Automated 

Timetable Generation System for Katsina State Institute of Technology and Management (KSITM). It 

outlines the research design, system development approach, software tools, database design, and 

implementation procedures used in developing the system. The methodology was selected to ensure that 

the resulting application effectively addresses the challenges associated with manual timetable 

preparation while providing a reliable and efficient scheduling solution. 

 

SYSTEM DEVELOPMENT METHODOLOGY 

The Waterfall Software Development Model was adopted for the development of the system. The model 

was chosen because it provides a systematic and sequential approach to software development. The 

phases involved include requirements analysis, system design, implementation, testing, deployment, and 

maintenance. 

The requirements analysis phase involved gathering information about the existing timetable preparation 

process at KSITM and identifying the challenges associated with manual scheduling. During the design 

phase, the system architecture, database structure, and user interfaces were developed. The 

implementation phase involved coding the application using selected web technologies, while the testing 

phase ensured that the system met the specified requirements and operated correctly. 

Data Collection Method 

Information required for the development of the system was collected through the following methods: 

Observation 

Direct observation was conducted to understand the existing timetable preparation procedures within the 

institution. This enabled the identification of common scheduling challenges such as lecture clashes, 

venue conflicts, and delays in timetable generation. 

Interview 

Interviews were conducted with academic staff, departmental timetable officers, and administrative 

personnel involved in timetable preparation. The information obtained provided valuable insights into the 

requirements and expectations of the proposed system. 

Document Review 

Relevant documents such as departmental course allocations, lecturer schedules, classroom inventories, 

and existing timetables were reviewed to obtain the necessary data for system design and testing. 

Analysis Of The Existing System 

The existing timetable generation process is largely manual and involves the use of paper records and 

spreadsheet applications. Timetable officers manually allocate courses, lecturers, classrooms, and time 

slots while attempting to avoid scheduling conflicts. 

The existing system exhibits several limitations, including: 

 Time-consuming timetable preparation. 

 High probability of scheduling errors. 

 Lecturer and venue clashes. 

 Difficulty in modifying schedules. 

 Poor utilization of institutional resources. 

 Delays in timetable publication. 

These shortcomings necessitated the development of an automated timetable generation system. 
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PROPOSED SYSTEM 

The proposed Automated Timetable Generation System is a web-based application designed to automate 

the scheduling process. The system stores information about departments, courses, lecturers, venues, and 

available time slots in a centralized database. 

The system automatically generates timetables based on predefined scheduling constraints and ensures 

that conflicts are minimized or eliminated. It also provides administrators with facilities for updating 

records, modifying schedules, and generating reports. 

System Design 

The proposed system adopts a client-server architecture where users interact with the application through 

a web browser while data is processed and stored on the server. 

The major modules of the system include: 

 User Authentication Module 

 Department Management Module 

 Lecturer Management Module 

 Course Management Module 

 Venue Management Module 

 Timetable Generation Module 

 Report Generation Module 

 

 

SOFTWARE DEVELOPMENT TOOLS 

The following technologies were used in the development of the system: 

PHP 

PHP (Hypertext Preprocessor) was used as the server-side scripting language. PHP was chosen because it 

is open-source, easy to integrate with databases, platform-independent, and suitable for developing 

dynamic web applications. PHP handles data processing, user authentication, timetable generation logic, 

and interaction with the database. 

MySQL database 

MySQL was used as the database management system for storing and managing data related to lecturers, 

courses, departments, venues, and timetable schedules. MySQL provides efficient data storage, retrieval, 

and manipulation capabilities required for the operation of the system. 

XAMPP server 

XAMPP (Cross-Platform, Apache, MySQL, PHP, and Perl) was used as the local development and 

testing environment. XAMPP provides an integrated platform that enables the execution of PHP scripts 

and MySQL database operations during system development and testing. 

Notepad++ 

Notepad++ was used as the source code editor for writing and editing PHP, HTML, CSS, JavaScript, and 

SQL scripts. The editor provides syntax highlighting and code management features that facilitate 

software development. 

Database Design 

The database was designed using MySQL and consists of several related tables including: 

 Users Table 

 Departments Table 

 Courses Table 

 Lecturers Table 

 Venues Table 

 Time Slots Table 

 Timetable Table 

The database structure ensures data integrity, consistency, and efficient retrieval of scheduling 

information. 
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TIMETABLE GENERATION ALGORITHM 

The timetable generation module utilizes a constraint-based scheduling algorithm. The algorithm 

performs the following tasks: 

1. Retrieves available courses, lecturers, venues, and time slots. 

2. Checks lecturer availability. 

3. Verifies venue availability and capacity. 

4. Assigns courses to appropriate time slots. 

5. Detects and eliminates scheduling conflicts. 

6. Stores the generated timetable in the database. 

7. Produces a final conflict-free timetable for users. 

This approach ensures effective resource allocation and minimizes timetable clashes. 

Selection Of Participants 

In qualitative research, the term "selection of participants" is preferred over "population of the study" 

(Yin, 2014). Researchers establish specific criteria for participant inclusion to ensure relevant insights. 

The Automated Timetable Generation System for Katsina State Institute of Technology and Management 

(KSITM) survey was conducted over a period of four weeks involving some staff of the Academic 

Planning Unit and the academic staff within some selected departments of the Institute. 

Sampling And Sampling Techniques 

In a qualitative case study research design, sampling occurs at two levels: first, the case is selected, 

followed by the data source. The selection of data sources is based on the following criteria: 

1. The participant must be a staff member from one of the specified departments/units. 

2. The respondent must be aware of or have experience Timetable Generation for Katsina State 

Institute of Technology and Management (KSITM). 

Instrument For Data Collection 

The survey instruments used in this research are observation and interview. 

Observations 

During the study of the existing timetable preparation process at Katsina State Institute of Technology 

and Management (KSITM), several observations were made regarding the methods used in scheduling 

academic activities. The observations revealed significant challenges that affect the efficiency, accuracy, 

and reliability of timetable generation within the institution. 

Firstly, it was observed that timetable preparation is largely carried out manually by departmental and 

academic officers. The process involves collecting course information, lecturer schedules, classroom 

availability, and departmental requirements before manually allocating lecture periods. This procedure 

requires considerable time and effort, especially when dealing with a large number of courses, lecturers, 

and students. 

Secondly, the manual scheduling process was found to be prone to human errors. Cases of lecturer 

clashes, where a lecturer is assigned to teach more than one class at the same time, and venue clashes, 

where multiple classes are scheduled in the same classroom simultaneously, were identified as common 

challenges. These errors often require repeated revisions before a final timetable can be approved. 

Another observation was that modifications to the timetable are difficult to implement. Changes such as 

lecturer unavailability, classroom maintenance, course additions, or academic calendar adjustments often 

necessitate extensive rescheduling efforts. Consequently, timetable officers spend significant time making 

corrections and updating schedules. 

It was also observed that there is no centralized system for storing and managing timetable-related 

information. Data concerning lecturers, courses, departments, and venues are often maintained in separate 

files or documents, making information retrieval and management cumbersome. This lack of integration 

increases the risk of data inconsistency and duplication. 

Furthermore, the existing system does not provide an effective mechanism for optimizing the utilization 

of available resources. Some lecture halls are underutilized while others are overcrowded due to 
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inefficient allocation of venues. Similarly, lecturer workloads are not always evenly distributed, leading to 

scheduling inefficiencies. 

The study further revealed delays in the production and dissemination of timetables. Since the process is 

manual, generating a complete timetable often takes several days or weeks, especially when conflicts are 

encountered. These delays can affect academic planning and create uncertainty among students and 

lecturers. 

Additionally, it was observed that students and lecturers experience difficulties accessing updated 

timetable information. Any changes made after timetable publication may not be communicated 

promptly, leading to confusion and missed lectures. 

Based on these observations, it became evident that the existing timetable generation process requires 

automation to improve scheduling accuracy, reduce conflicts, optimize resource utilization, enhance 

accessibility, and increase overall administrative efficiency. These findings justify the development of an 

Automated Timetable Generation System for Katsina State Institute of Technology and Management. 

Interview 

As part of the data collection process for this study, interviews were conducted with relevant stakeholders 

involved in the preparation and management of academic timetables at Katsina State Institute of 

Technology and Management (KSITM). The purpose of the interviews was to obtain firsthand 

information about the existing timetable generation process, identify challenges associated with the 

current system, and gather requirements for the proposed automated solution. 

The interview sessions involved academic officers, departmental timetable coordinators, lecturers, and 

administrative staff responsible for scheduling academic activities. A semi-structured interview approach 

was adopted to allow participants to express their experiences and opinions regarding timetable 

preparation and management. 

During the interviews, respondents explained that the current timetable preparation process is 

predominantly manual and requires the collection of information from various departments before 

scheduling can begin. They indicated that the process often consumes a significant amount of time, 

particularly when dealing with multiple programmes, courses, lecturers, and classroom allocations. 

The interviewees further revealed that lecturer scheduling conflicts and venue clashes are among the most 

common problems encountered during timetable preparation. According to the respondents, identifying 

and resolving such conflicts often requires repeated revisions, which delays the completion of the 

timetable. 

Lecturers interviewed expressed concerns about instances where lecture periods overlap or are scheduled 

at inconvenient times. They noted that such issues can negatively affect teaching effectiveness and create 

unnecessary stress for both lecturers and students. Respondents emphasized the need for a system that 

considers lecturer availability and workload distribution when generating schedules. 

Departmental timetable coordinators reported that making changes to an already prepared timetable is a 

difficult task. Adjustments arising from changes in course offerings, lecturer availability, venue 

allocation, or academic calendar modifications frequently require substantial rescheduling efforts. They 

indicated that an automated system capable of making adjustments with minimal disruption would greatly 

improve scheduling efficiency. 

Administrative staff also highlighted challenges related to record management. Information concerning 

courses, lecturers, departments, and available venues is often maintained in separate files and documents, 

making data retrieval and updates cumbersome. They expressed the need for a centralized database that 

would facilitate easy storage, retrieval, and management of timetable-related information. 

Furthermore, students' concerns, as reported by academic officers, include delayed publication of 

timetables, frequent timetable changes, and inadequate communication of schedule updates. Respondents 

suggested that a computerized system capable of generating accurate timetables and providing timely 

updates would improve student satisfaction and academic planning. 

Based on the information obtained during the interviews, the respondents unanimously agreed that the 

introduction of an Automated Timetable Generation System would help eliminate scheduling conflicts, 
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reduce the time required for timetable preparation, improve resource allocation, enhance data 

management, and increase the overall efficiency of academic scheduling within the institution. 

The findings from the interviews provided valuable insights into the limitations of the existing system and 

served as a basis for the design and development of the proposed Automated Timetable Generation 

System for KSITM. 

 

FINDINGS AND RESULTS 

Findings 

The study revealed several challenges associated with the existing timetable preparation process at 

Katsina State Institute of Technology and Management (KSITM). Information obtained through 

observation, interviews, and document review indicated that timetable generation is predominantly 

performed manually, requiring significant time and effort from academic and administrative staff. The 

manual approach was found to be inefficient, particularly when handling large volumes of courses, 

lecturers, departments, and venue allocations. 

The findings further showed that the existing system is highly susceptible to scheduling conflicts. 

Lecturer clashes, venue overlaps, and improper allocation of lecture periods were identified as common 

problems encountered during timetable preparation. These conflicts often necessitate multiple revisions 

before a final timetable can be approved and published. 

Another important finding was the absence of a centralized database for managing timetable-related 

information. Data concerning lecturers, courses, classrooms, and departmental schedules were maintained 

in separate files and records, making information retrieval and updates difficult. This situation contributed 

to inconsistencies in scheduling and increased the likelihood of errors. 

The study also found that modifications to existing timetables were difficult and time-consuming. 

Changes resulting from lecturer unavailability, course additions, venue constraints, or adjustments to the 

academic calendar often required extensive manual rescheduling. Consequently, timetable publication 

was frequently delayed, affecting academic planning and communication within the institution. 

Furthermore, the findings revealed that available resources such as lecture halls and classrooms were not 

always utilized efficiently. Some venues were overcrowded while others remained underutilized due to 

the lack of an effective scheduling mechanism capable of optimizing resource allocation. 

Based on these findings, there was a clear need for an automated solution capable of generating accurate, 

conflict-free timetables while improving resource management and administrative efficiency. 

Results 

The Automated Timetable Generation System was successfully designed and implemented to address the 

identified challenges. The developed system provides a web-based platform for managing departments, 

courses, lecturers, venues, and timetable schedules through a centralized database. 

System testing demonstrated that the application was able to automatically generate timetables based on 

predefined scheduling constraints, including lecturer availability, venue capacity, and course 

requirements. The generated timetables were found to be free from lecturer and venue clashes, thereby 

improving scheduling accuracy and reliability. 

The results also showed a significant reduction in the time required to prepare academic timetables. Tasks 

that previously required several days of manual effort could be completed within a few minutes using the 

automated system. This improvement greatly enhanced administrative productivity and reduced the 

workload of timetable officers. 

Additionally, the system provided flexibility in timetable management by allowing administrators to 

update records and regenerate schedules whenever changes occurred. The centralized database ensured 

efficient storage, retrieval, and management of timetable information, thereby reducing data redundancy 

and improving information accessibility. 

User evaluation indicated a high level of satisfaction with the system's performance. Respondents 

reported that the application was easy to use, improved timetable accuracy, reduced scheduling conflicts, 
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and facilitated timely publication of academic schedules. The system also enhanced communication by 

making timetable information readily available to authorized users. 

Overall, the results confirmed that the Automated Timetable Generation System effectively achieved its 

objectives by improving scheduling efficiency, optimizing resource utilization, minimizing human errors, 

and providing a reliable solution for academic timetable management at Katsina State Institute of 

Technology and Management. 

 

CONCLUSION 

This study successfully designed and implemented an Automated Timetable Generation System for 

Katsina State Institute of Technology and Management (KSITM) to address the challenges associated 

with manual timetable preparation. The existing system was found to be time-consuming, error-prone, 

and susceptible to lecturer and venue scheduling conflicts. The developed system effectively automated 

the scheduling process, generated conflict-free timetables, improved resource utilization, enhanced data 

management through a centralized database, and reduced the time required for timetable preparation. The 

study concludes that the system provides a reliable, efficient, and practical solution for academic 

scheduling and can significantly improve administrative operations within the institution. 

 

RECOMMENDATIONS 

The study recommends the adoption of the Automated Timetable Generation System by KSITM to 

improve timetable management and administrative efficiency. Staff responsible for timetable preparation 

should be trained on the use of the system, while regular maintenance and updates should be carried out 

to ensure optimal performance. The institution should also maintain a centralized database for academic 

records and consider integrating the system with other institutional information systems. Future 

enhancements may include online deployment, automated notification features, and the use of advanced 

scheduling algorithms to further improve functionality and efficiency. 
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