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ABSTRACT 

Course timetable preparation in the Information Technology Study Program at Universitas PGRI 
Sumatera Barat is still performed in spreadsheets, typically requires three to five days, and can 
produce instructor, class, or room conflicts. This study develops a web-based scheduling 
information system that centralizes timetable data, detects collisions automatically, and offers 
alternatives with support from the Google Gemini API. Development followed the Waterfall 
System Development Life Cycle, comprising requirements analysis, design, implementation, 
testing, deployment, and maintenance. The application was built with PHP, Laravel, and MySQL. 
A deterministic rule identifies overlapping allocations involving the same instructor, class, or 
room on the same day. Gemini is used only to rank and explain feasible candidates; the application 
revalidates each recommendation, and the Study Program Secretary retains final approval. Black-
box testing of ten functions achieved a 100% success rate. Beta testing produced an average score 
of 89.22% from three experts and 89.79% from two users, with both results classified as Very 
Good. The findings indicate that the system is highly feasible for integrated course timetable 
preparation and administration. 
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INTRODUCTION 

Digital transformation in higher education extends beyond delivering academic information; 
it also requires institutions to redesign workflows that once relied on disconnected documents. Course 
timetabling is particularly demanding because it must coordinate instructors, courses, class groups, 
rooms, credit loads, days, and time slots. In a manual workflow, even a minor adjustment to one 
element can trigger changes across several other entries. Prior work on web-based scheduling 
indicates that consolidated data can speed up information retrieval, improve record accuracy, and 
reduce repetitive administrative tasks [1], [2]. 

The Information Technology Study Program at Universitas PGRI Sumatera Barat currently 
prepares its timetable in spreadsheets. Courses are entered individually by the Study Program 
Secretary, who then checks instructor, class, and room conflicts by hand. Observations and interviews 
showed that completing this process generally takes three to five days. Moreover, instructor, course, 
class, room, academic-year, and finalized-schedule records are not yet connected through a single 
platform. This fragmented arrangement makes data-entry errors, duplicate allocation of resources, 
and delays during schedule revisions more likely. 

Several studies have addressed web-based course scheduling. Using the Waterfall model, 
Bunduwula et al. created a system that presents timetables, assigned instructors, and course-delivery 
status [3]. Fitria and Nunsina likewise reported that a web application made schedule storage and 
presentation faster and more practical [2]. These contributions, however, primarily concerned 
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schedule administration and dissemination; neither placed integrated conflict checking with 
alternative recommendations at the center of the workflow. 

Optimization techniques have also been applied to reduce timetable collisions. Ihtiara and 
Abdul Muthalib used a Greedy algorithm that incorporated instructor preferences [4], while Nuradira 
et al. adopted a genetic algorithm to improve the use of time slots and rooms [5]. Although such 
techniques can produce favorable schedule combinations, their implementation depends on problem-
specific constraints and optimization procedures. In the setting examined here, the immediate 
requirement is not a system that completely replaces managerial judgment. Instead, users need 
reliable rule-based conflict checks, feasible alternatives, and continued authority for the Study 
Program Secretary to approve the final timetable. 

Other work has applied Kanban to visualize a scheduling process previously managed in Excel 
[6], and real-time web scheduling has been found to accelerate the communication of timetable 
changes [7]. Workflow visibility and rapid distribution alone are insufficient, however, when the 
system cannot verify whether an instructor, class, or room has been assigned to overlapping periods. 
Consequently, the proposed application treats deterministic conflict validation as a prerequisite for 
saving any schedule entry. 

Recent advances in large language models create opportunities for decision support in 
academic systems. Google Gemini can interpret structured inputs and generate context-sensitive 
explanations or recommendations [8]. Nevertheless, language models have recognized limitations in 
planning and should not be treated as authoritative without independent verification [9], [10]. For this 
reason, Gemini does not approve schedules in the proposed system. The application first generates 
available combinations of days, times, and rooms, sends these candidates as JSON, and then asks 
Gemini to rank and explain them. Before any option is shown to the user, it is checked again against 
the system's conflict rules. 

The research gap concerns the limited integration of centralized scheduling data, deterministic 
conflict detection, AI-assisted alternatives, post-recommendation validation, and human approval 
within one process. This study therefore develops a Web-Based Course Scheduling Information 
System for the Information Technology Study Program at Universitas PGRI Sumatera Barat. The 
intended system reduces manual effort, lowers the likelihood of timetable conflicts, supports faster 
revisions, and provides finalized schedules that authorized users can view, print, or download. 

 
RESEARCH METHODOLOGY 

Research Setting, Approach, and Data Collection 
The study was conducted in the Information Technology Study Program at Universitas PGRI 

Sumatera Barat during the second semester of the 2026/2027 academic year. A development-research 
approach was followed through the Waterfall form of the System Development Life Cycle (SDLC). 
This model was selected because its sequential structure allows user requirements to be established 
before design, coding, and testing begin [11]. 
Requirements were gathered by observing the existing timetable-preparation process and 
interviewing the Study Program Secretary, who is responsible for schedule administration. The 
observation examined data-entry procedures, conflict-checking practices, revision activities, and the 
distribution of the final timetable. The interview explored functional needs, access privileges, 
mandatory records, and expected outputs. Evidence from both methods informed the process model 
and database design. 
System Development Stages 

Development proceeded through requirements analysis, design, implementation, testing, 
deployment, and maintenance. Figure 1 illustrates how these stages are connected. Each phase 
produced an output for the next phase, while findings identified during testing were used for limited 
corrections to the implementation. 
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Figure 1. System development stages using the Waterfall model 

 
Requirements analysis. Two primary actors were identified: the Study Program 

Administrator and the Study Program Secretary. Functional requirements covered authentication; 
management of instructor, course, class, room, and academic-year data; timetable preparation; 
conflict detection; alternative recommendations; final schedule approval; and schedule printing or 
downloading. Nonfunctional requirements addressed access security, performance, usability, 
availability, reliability, and portability. 

Design. Unified Modeling Language was used to represent actor relationships, activity flows, 
interaction sequences, and class structures [16]. The database was designed so that every schedule 
record consistently references the relevant instructor, course, class, room, and academic year. The 
design also preserved the Study Program Secretary's authority over final decisions. 

Implementation. The application was developed in PHP with Laravel and a MySQL database. 
Laravel supported separation of application logic, routing, authentication, and data access [12], 
whereas MySQL provided centralized storage for master records and scheduling transactions [13]. 
Google Gemini was accessed through an API with structured inputs and outputs, allowing 
recommendations to be parsed and reprocessed by the application [15]. 

Testing and deployment. Alpha evaluation combined white-box testing of core logic with 
black-box testing of functional outputs. Once the functions operated as intended, experts and end 
users participated in beta testing. The system was then prepared for use within the Study Program, 
together with plans for maintenance, defect correction, and future feature development. 

 
Table 1. System actors and access privileges 

No. Actor Primary Access Privileges 

1 Study Program 
Administrator 

View, search, print, and download schedules that have been 
approved as final. 

2 Study Program Secretary Manage master data, prepare schedules, detect conflicts, assess 
alternative recommendations, and approve the final timetable. 

 
Conflict Detection and Recommendation Mechanism 

Whenever a timetable entry is created or modified, the application compares it with stored 
records. A conflict is registered when the same instructor, class, or room is assigned on the same day 
and the two time intervals overlap. Equation (1) expresses the interval-overlap rule. 

Conflict = (same entity) AND (day1 = day2) AND (start1 < end2) AND (start2 < end1)     (1) 
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For transparency, a simplified representation of the exchange is used: the Laravel request contains 
{"conflicts":[{"entity":"instructor|class|room","id":"<id>","day":"<day>","start":"<time>","end":"<time>"}],
"candidates":[{"day":"<day>","start":"<time>","end":"<time>","room_id":"<id>"}]}; the response is 
returned as 
{"ranked_candidates":[{"day":"<day>","start":"<time>","end":"<time>","room_id":"<id>","reason":"<expla
nation>"}]}. The system instruction restricts Gemini to the supplied candidates, and Laravel parses and 
validates these fields again before display or storage. 

An entry with no detected conflict may be saved. When a collision occurs, the application 
searches for unused combinations of day, time, and room and sends the resulting candidates to Google 
Gemini as JSON. Gemini ranks the options and supplies an explanation, but its response does not 
constitute an official schedule. The application revalidates every suggestion with the same 
deterministic rule, after which the Study Program Secretary chooses the most appropriate alternative. 
This arrangement limits the effect of inconsistent AI output while retaining human control over the 
final decision. 

White-box testing covered authentication, master-data administration, timetable construction, 
conflict validation, alternative generation, and delivery of the finalized schedule. Cyclomatic 
Complexity determined which independent execution paths required testing. Black-box testing then 
evaluated ten core functions by comparing their inputs and outputs without examining the source 
code [14]. 

Beta testing employed a four-point Likert questionnaire. Three experts assessed functionality, 
reliability, usability, efficiency, and maintainability. Two system users evaluated format, accuracy, 
content, ease of use, and timeliness. The two users were purposively selected because they were the 
operational staff directly involved in timetable preparation and schedule administration. Feasibility 
percentages were obtained by dividing each observed score by its ideal score and multiplying the 
result by 100%. Scores from 81% to 100% were classified as Very Good. 

 
RESULTS AND DISCUSSION 

System Implementation 
The prototype interface is presented in Indonesian because the system is intended for 

operational use by the local Study Program staff; the article text and technical labels remain in 
English. 

The resulting web-based course scheduling system combines authentication, role-specific 
dashboards, master-data management for instructors, courses, classes, rooms, and academic years, 
schedule construction, conflict detection, alternative recommendations, final schedule approval, and 
print/download facilities. MySQL serves as the shared data source, so every revision is managed 
through the same centralized repository. 

The Study Program Secretary is the principal actor in timetable preparation. Once the master 
records are available, the user selects a course, assigned instructor, class, room, day, start time, and 
end time. Before saving the entry, the application verifies that all required fields are complete and 
checks for possible conflicts. As shown in Figure 2, the scheduling page also supports search, data 
import, entry creation, and printing. 
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Figure 2. Course schedule management page 

 
When the system detects a conflict, it blocks the entry and prepares feasible alternatives rather 

than merely rejecting it. The AI-integration module accepts either unorganized timetable records or 
a filtered candidate list and submits the data to Google Gemini. Figure 3 presents the module interface. 
AI output is first stored as recommendation data; only options that pass rule-based revalidation and 
receive user approval can be applied to the main timetable. 

 

 
Figure 3. Google Gemini-assisted schedule import and recommendation page 

 
Alpha Testing Results 

White-box testing confirmed that the logical paths for authentication, master-data processing, 
schedule preparation, conflict checking, and alternative recommendation could be executed as 
designed. Ten principal functions were then assessed through black-box testing. As summarized in 
Table 2, every scenario returned the expected output. 

 
Table 2. Summary of black-box testing results 

No. Function Expected Outcome Result 

1 Multi-role login A valid account is directed to the dashboard 
permitted for its role. Valid 
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No. Function Expected Outcome Result 

2 Instructor data Records can be added, modified, deleted, and 
displayed. Valid 

3 Course data Course records can be managed and saved. Valid 

4 Class data The latest class records are displayed correctly. Valid 

5 Room data Room and capacity records can be managed. Valid 

6 Schedule preparation Timetable entries can be prepared, saved, and 
displayed. Valid 

7 Conflict detection Instructor, class, or room collisions are identified. Valid 

8 Alternative 
recommendation 

Alternatives are displayed and the selected option 
can be saved. Valid 

9 Schedule printing The final schedule can be viewed, printed, or 
downloaded. Valid 

10 Logout The user's session is terminated securely. Valid 
 

All ten tested functions were valid, producing a success rate of 10/10 x 100% = 100%, which 
falls within the Very Good category. This outcome confirms that the core functions met the specified 
functional requirements. Functional success alone does not fully represent user experience, however; 
the evaluation therefore continued with beta testing. 
Beta Testing Results 

The three experts assigned an average score of 89.22%, categorized as Very Good. 
Maintainability received the highest score at 95.83%, whereas functionality had the lowest score at 
85.00%. Table 3 provides the detailed expert assessment. 

 
Table 3. Expert assessment results 

Dimension Percentage Category 

Functionality 85.00% Very Good 

Reliability 88.89% Very Good 

Usability 88.89% Very Good 

Efficiency 87.50% Very Good 

Maintainability 95.83% Very Good 

Average 89.22% Very Good 
 

The two users produced an overall mean of 89.79%, also in the Very Good category. Content 
achieved the highest score at 93.75%, indicating that the information matched operational scheduling 
needs. Ease of use was the lowest-rated dimension at 84.38%, although it remained within the Very 
Good range. Detailed user scores are shown in Table 4. 
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Table 4. User assessment results 
Dimension Percentage Category 

Format 91.67% Very Good 

Accuracy 91.67% Very Good 

Content 93.75% Very Good 

Ease of Use 84.38% Very Good 

Timeliness 87.50% Very Good 

Average 89.79% Very Good 
 
Discussion 

Testing showed that the application consolidates functions that were previously distributed 
across several manual activities. This finding supports the results of Bunduwula et al. [3] and Fitria 
and Nunsina [2], who documented the value of web systems for timetable management and 
communication. The present system extends those earlier solutions by maintaining master records in 
a single database, screening conflicts before storage, offering alternative slots, and forwarding the 
approved timetable to the Study Program Administrator for printing or downloading. 

Unlike the Greedy [4] and genetic-algorithm [5] approaches, this study does not attempt to 
compute a fully automated global optimum. Instead, it applies transparent rules to prevent instructors, 
classes, and rooms from being assigned to overlapping periods. This choice reflects the users' need 
to retain direct control over the finalized schedule. Google Gemini operates only after the candidates 
have been filtered and never substitutes for the scheduling rules. The model's ability to organize and 
explain alternatives can therefore be used without disregarding its known planning limitations [9], 
[10]. 

Structured output is essential to this integration. Conflict records and feasible alternatives are 
encoded as JSON, and Gemini's response is mapped back to day, time, and room attributes [15]. The 
application then performs another validation pass. The resulting decision process has three 
safeguards: deterministic rules establish feasibility, Gemini assists with ranking, and the Study 
Program Secretary authorizes the selection. Accordingly, the study's principal contribution is not the 
presence of an AI feature by itself, but the placement of AI within a controlled and auditable decision 
workflow. 

A 100% black-box test result demonstrates that the designed functions operated correctly 
across the prepared test scenarios. The expert score of 89.22% indicates very strong technical 
acceptance, with maintainability evaluated most favorably. This result is consistent with the 
separation of master-data, scheduling, validation, and recommendation modules, which simplifies 
maintenance. The user score of 89.79% further indicates that the system's content, accuracy, and 
information format meet operational requirements. 

Although every dimension was rated Very Good, the 84.38% score for ease of use identifies a 
clear opportunity for improvement. The workflow could be refined by simplifying schedule entry, 
adding contextual guidance, shortening conflict explanations, and reducing the number of actions 
required to select an alternative. These improvements matter because a scheduling system succeeds 
not only through correct logic, but also by enabling users to complete their work quickly and 
confidently. 

The beta sample was limited to three experts and two users. The feasibility findings therefore 
describe implementation in the Information Technology Study Program and should not be generalized 
to faculties or universities with different scales and scheduling policies. Recommendation 
explanations also depend on internet access and the availability of Google Gemini. Even so, conflict 
detection and candidate presentation were designed to function without complete reliance on AI. 
Future development should consider integration with SIAKAD or SEVIMA, change notifications, 
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audit trails, data backups, instructor time preferences, room capacity and facilities, and testing with a 
larger user population. 

 
CONCLUSION 

A web-based course scheduling information system was successfully developed for the 
Information Technology Study Program at Universitas PGRI Sumatera Barat using the Waterfall 
SDLC, PHP, Laravel, and MySQL. The application unifies instructor, course, class, room, academic-
year, and timetable data. Conflicts are detected when the same instructor, class, or room is allocated 
on the same day to overlapping time intervals. If a collision occurs, the system generates feasible 
candidates and uses Google Gemini to help rank and explain them. No recommendation becomes 
final until it has passed another rule-based validation and has been approved by the Study Program 
Secretary. 

Black-box testing of ten functions achieved a 100% success rate. Beta evaluation yielded mean 
scores of 89.22% from three experts and 89.79% from two users, placing both results in the Very 
Good category. These findings indicate that the system is highly feasible for preparing, checking, 
approving, and distributing course schedules. Subsequent work should prioritize usability 
improvements, a broader respondent sample, integration with the university's academic systems, and 
a fallback mechanism for periods when Google Gemini is unavailable. 
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