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ABSTRACT 

Efficient allocation of academic supervisors is a critical yet challenging process in higher 
education, often hindered by mismatches in expertise and uneven workload distribution. This 
study introduces a web-based recommendation system leveraging the C4.5 decision tree 
algorithm to address these issues. The system generates data-driven, accurate recommendations 
by assessing supervisor expertise, workload, and alignment with student research topics. The 
system emphasizes scalability and modularity and was developed using the Laravel framework 
and following the waterfall development model. Functional testing demonstrated a 96.7% 
accuracy rate for recommendations, while usability testing reflected high user satisfaction, with 
an average score of 92% for ease of use and relevance. These results highlight the system’s 
effectiveness in optimizing supervisor assignments, enhancing administrative efficiency, and 
providing a scalable solution for educational institutions. Future work will further integrate 
diverse data sources and AI-driven features to improve adaptability and responsiveness to 
evolving academic demands. 
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1. INTRODUCTION  

The rapid advancement of information technology has profoundly transformed the educational 
landscape, enabling the global sharing and exchange of academic resources without temporal or spatial 
limitations [1]. Beyond its influence on social and business activities, this technological evolution has 
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reshaped educational paradigms by providing unprecedented access to information, facilitating cross-
border academic collaboration, and accelerating innovation across disciplines [2]. Among its most 
significant applications in higher education is the deployment of web-based information systems, which 
offer students and educators continuous, location-independent access to essential academic resources 
and institutional information [3], [4]. 

Academic information systems have become indispensable tools for enhancing operational efficiency 
within higher education institutions. They play a critical role in managing complex administrative 
processes such as course scheduling, assessment management, and student supervision for final projects 
[5], [6], [7]. These systems streamline administrative tasks and align with the objectives outlined in 
Indonesian Law Number 12 of 2012 on Higher Education, which emphasizes fostering students’ skills, 
shaping their character, and advancing national development. A cornerstone of undergraduate 
education in Indonesia is the final project—a critical requirement for degree conferral. To support this, 
universities must assign faculty members with appropriate expertise to guide students effectively 
through their research and development processes [8]. 

The selection of academic supervisors is a critical determinant of the final project’s success. Supervisors 
are pivotal in ensuring students complete their research projects[9]. However, inadequate assignment 
processes can result in mismatches between supervisors’ expertise and students’ research topics and 
unequal workload distribution among faculty members. These inefficiencies may compromise the 
quality of academic guidance [10]. To address this, the Rector’s Decree of Universitas Negeri Padang 
No. 02 of 2020 mandates that final project supervisors possess expertise relevant to the student’s 
research areas and hold at least the rank of Assistant Professor, ensuring specialized and qualified 
guidance. 

Despite these regulations, the Faculty of Engineering at Universitas Negeri Padang faces challenges in 
achieving accurate and equitable supervisor assignments for final projects. Although a web-based 
information management system supports project administration, the supervisor selection process 
remains manual and is managed by the Head of Study Program (HSP). This traditional approach often 
results in suboptimal distribution of supervisory workloads and imprecise alignment between faculty 
expertise and student project topics, leading to imbalances that hinder the effectiveness of academic 
guidance. 

To address these challenges, this study proposes a web-based recommendation system for selecting 
final project supervisors, employing the C4.5 decision tree algorithm to ensure balanced and accurate 
supervisory assignments [11]. The C4.5 algorithm is particularly well-suited for this application, as it 
handles datasets with complex attributes and generates interpretable and reliable recommendations. 
Prior studies, such as that by Harryanto et al. [12], have demonstrated the algorithm’s effectiveness, 
achieving an accuracy exceeding 71% in similar applications. By leveraging the C4.5 algorithm, this 
study seeks to minimize existing imbalances, optimize workload distribution, and enhance the 
efficiency of final project management. 

This study contributes to the development of a novel recommendation system designed to assist the 
HSP in making objective and efficient decisions for assigning final project supervisors. The proposed 
system promotes a fair and balanced distribution of advising responsibilities by incorporating key factors 
such as faculty expertise, alignment with project topics, and current supervisory workloads. 
Furthermore, the system has substantial potential for broader application in higher education 
institutions, where it could improve faculty workload management, enhance academic services, and 
support the creation of a more efficient and effective educational environment.  
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2. METHODS 

2.1. Research Design 

This study employs a developmental research approach, focusing on the design and implementation of 
a web-based recommendation system for assigning final project supervisors. The research addresses 
persistent challenges such as imbalanced advising workloads and inefficiencies in managing final project 
supervision by automating the supervisor selection process. 

The system leverages the C4.5 decision tree algorithm to provide precise recommendations based on 
critical parameters, including faculty expertise, current advising workloads, and the alignment between 
students’ project topics and faculty members’ areas of specialization. The C4.5 algorithm was selected 
for its robustness and ability to handle large datasets while producing interpretable and reliable 
classification rules [13], [14]. 

The algorithm calculates entropy to measure data uncertainty and employs information gain to identify 
the attribute with the highest discriminatory power for partitioning the dataset [15]. This ensures the 
decision tree effectively represents the relationships among attributes, yielding reliable and data-driven 
recommendations for supervisor assignments. The entropy calculation is expressed by the following 
formula (1): 

𝐸𝑛𝑡𝑟𝑜𝑝𝑦 (𝑆) =  − ∑ 𝑝𝑖 log2(𝑝𝑖)

𝑛

𝑖=1

 (1) 

Explanation: 

𝑆  Entropy of the dataset 

𝑛  Number of classes in the dataset 

𝑝𝑖 The probability of each class 𝑖 in the dataset, calculated as the ratio of the number of samples 

in class 𝑖 to the total number of samples 

The algorithm calculates information gain for each attribute to determine its effectiveness in reducing 
dataset uncertainty. Information gain is computed as the difference between the initial entropy of the 
dataset and the entropy after partitioning based on a specific attribute. This metric identifies the 
attribute that most effectively minimizes uncertainty, serving as the optimal criterion for further 
partitioning the dataset within the decision tree. The calculation for information gain is expressed by 
the following formula (2): 

𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝐺𝑎𝑖𝑛 (𝑆, 𝐴) = 𝐸𝑛𝑡𝑟𝑜𝑝𝑦 (𝑆) −  ∑
|𝑆𝑣|

|𝑆|
𝑣 ∈ 𝐴

× 𝐸𝑛𝑡𝑟𝑜𝑝𝑦 (𝑆𝑣) (2) 

Explanation: 

𝑆   Initial dataset 

𝐴   Attribute to be tested for information gain 

𝑆𝑣   Subset of where attribute 𝐴 = 𝑣 

|𝑆𝑣|  Number of samples in the subset 𝑆𝑣 
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|𝑆|   Total number of samples in dataset 𝑆 

𝐸𝑛𝑡𝑟𝑜𝑝𝑦 (𝑆) Entropy of the initial dataset 

𝐸𝑛𝑡𝑟𝑜𝑝𝑦 (𝑆𝑣)  The entropy of the subset 𝑆𝑣 

In this study, the variable “umbrella research” demonstrated the highest information gain, with a value 
of 0.116, indicating its substantial influence on the supervisor recommendation process. This result 
underscores the critical role of this variable in reducing uncertainty and enhancing the accuracy of the 
recommendations. 

The decision tree derived from these calculations established a hierarchical structure for decision-
making. It prioritized key variables such as field of expertise, balanced supervisory load, and 
involvement in umbrella research. The structure of the decision tree is illustrated in Figure 1, which 
demonstrates the attribute selection process at each branch. The figure visually captures how the 
algorithm optimally partitions data to deliver precise, data-driven supervisor recommendations. 

 

Figure 1. Structure of the C4.5 decision tree for academic supervisor allocation 

2.2 System Development Method 

The development of the web-based recommendation system for final project supervisor selection 
utilized the Waterfall methodology, as shown in Figure 2. This methodology consisted of sequential 
phases: requirements analysis, system design, implementation, testing, and maintenance [16], [17]. The 
Waterfall approach was chosen for this study because it enabled a systematic and structured 
development process, ensuring that each phase was thoroughly completed before moving on to the 
next [18], [19]. 
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Figure 2. Waterfall methodology  

2.2.1 Requirement Analysis 

The requirements analysis phase focused on identifying the specifications necessary to address the 
challenges in selecting final project supervisors. At the time, the conventional supervisor selection 
process often overlooked optimal workload distribution, potentially resulting in imbalanced faculty 
advising responsibilities. The proposed system was designed to offer an efficient and objective solution 
through automation. The requirements analysis included the following key steps: 

a) Identification of Key Users 

The primary user of this system was the Head of Study Program (HSP), who held responsibility for 
assigning academic supervisors to students undertaking final projects. In addition to the HSP, faculty 
members could access the system to review supervisory workload distribution, and students could use 
it during the supervisor selection process. However, the HSP’s role remained central, as they held the 
authority for final decision-making in supervisor assignments. 

b) Functional Requirements 

The system supported data management for both faculty and students, including the input of faculty 
competencies, supervisory loads, and student project topics. Additionally, the system provided an 
automated recommendation feature for supervisor assignments using the C4.5 decision tree algorithm. 

c) Non-Functional Requirements 

The system featured a user-friendly interface that allowed for intuitive navigation, making it accessible 
for users with varying levels of technical proficiency. Furthermore, it was accessible online to ensure 
users could access the system from any location without requiring specialized software. Fast processing 
times were also essential to support operational efficiency, enabling real-time recommendations and 
minimizing delays in the supervisor selection process. 

 

Requirement Analysis 

Design 

Development 

Testing 

Maintenance 
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d) Algorithmic Requirements 

The C4.5 decision tree algorithm was chosen as the foundation for generating supervisor 
recommendations due to its ability to process data with several complex attributes and produce 
accurate classifications. The algorithm received input data from faculty and student records, 
encompassing faculty competencies, supervisory workloads, and student project topics. It then 
calculated information gain values to identify the most influential variables, such as faculty expertise 
and workload distribution, ensuring optimal supervisor recommendations. The algorithm constructed 
a decision tree that categorized faculty based on predefined criteria, aiming to balance supervisory 
responsibilities and align expertise with project topics. This decision tree was updated periodically to 
accommodate faculty and student data changes.The C4.5 decision tree algorithm was chosen as the 
foundation for generating supervisor recommendations due to its ability to process data with several 
complex attributes and produce accurate classifications. Key requirements for implementing this 
algorithm in the system included: 

2.2.2 System Design 

The system design phase aimed to translate identified requirements into a suitable system architecture 
and user interface. The developed design included: 

a) System Architecture 

The system was built using a web-based architecture supported by the Laravel framework, which 
enabled modular and efficient application development. This architecture separated the front-end and 
back-end components, each crucial in ensuring optimal system functionality and performance. 

a. Front-end 

The front end was responsible for providing an intuitive and responsive user interface (UI), allowing 
users—namely the Administrator, HSP, and faculty members—to interact with the system seamlessly 
[20], [21]. Developed with technologies such as HTML, CSS, and JavaScript, the interface was designed 
to be user-friendly, featuring straightforward navigation for accessing core functionalities such as data 
input, recommendation management, and report visualization. 

b. Back-end 

The back-end handled data processing, application logic, and database management. Leveraging Laravel 
as the primary framework, the back end followed the Model-View-Controller (MVC) structure, which 
separated business logic from data presentation, supporting modularity and flexibility for maintenance  
[22]. The back-end processed user inputs, ran the C4.5 decision tree algorithm for supervisor 
recommendations, and stored both recommendation results and related data in the database.  

c. Database 

The system utilized MySQL as the database management system to store and manage structured data, 
including faculty details, student information, final project topics, and recommendation results. The 
database was designed with a relational model, allowing efficient data retrieval and simplified data 
maintenance over time. 
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b) User Interface (UI) Design 

The UI design of this system was created to be intuitive and user-friendly, focusing on the needs of the 
primary user, the HSP, as well as other users such as the Administrator and faculty members. The 
interface was developed to facilitate easy navigation and quick access to key system features, thus 
supporting efficiency in daily use. 

a. Dashboard UI 

The dashboard UI centralizes access to essential recommendation system data, including faculty 
members, students, faculty competencies, and student project topics. Its user-friendly design enables 
efficient navigation and quick data retrieval, minimizing input and navigation errors. Figure 3(a) 
illustrates the dashboard design. 

b. Recommendation Criteria Settings 

The interface also includes a criteria settings panel, allowing the HSP to adjust recommendation criteria 
according to specific needs. These settings include options for selecting faculty areas of expertise, 
current supervisory loads, and specific preferences related to student project topics. The feature is 
presented in dropdown and checkbox formats to facilitate easy selection and increase flexibility in 
settings, as shown in Figure 3(b).  

  

(a) (b) 

Figure 3. (a) The design of the dashboard UI; (b) The design of the recommendation criteria settings 

c. Recommendation Results Display 

The UI displays recommendation results in an informative and easy-to-read format. Each 
recommendation for faculty advisors includes indicators of suitability based on set criteria, such as 
expertise matching level and supervisory load. This display aids the HSP in understanding the rationale 
behind each recommendation and making informed decisions, as presented in Figure 4(a).  

d. Report Visualization 

The UI includes a report visualization feature to support analysis and evaluation, such as graphs or tables 
displaying the distribution of supervisory loads and recommendation history data. This visualization is 
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designed to help users understand overall supervisory load patterns and make adjustments if necessary, 
as depicted in Figure 4(b).  

  

(a) (b) 

Figure 4. (a) The design of the recommendation results in UI; (b) The design of the report visualization 

c) Process Design 

In the process design phase, the data flow from students and faculty members was visualized in a 
flowchart to illustrate how the C4.5 decision tree algorithm processes data to generate supervisor 
recommendations. In addition to the flowchart, Unified Modeling Language (UML) diagrams were 
used to represent the system’s interactions, activities, process sequences, and class structures. The 
following diagrams were designed to support this recommendation system: 

a. Use Case Diagram 

The Use Case Diagram, as shown in Figure 5, illustrates the interactions between actors (users) and the 
system. This diagram shows the main functionalities available within the system and the roles of users 
such as the HSP, faculty members, and students. The primary actor in this system is the HSP, who is 
responsible for selecting supervisors based on the system’s recommendations. 

 

Figure 5. Use case diagram 
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b. Activity Diagram 

The Activity Diagram represents the workflow and activities within the system across several scenarios. 
Each user’s primary activity has a diagram illustrating how users interact with the system at each stage. 
These activity diagrams include: 

1. Login Activity Diagram 

This diagram illustrates the process users go through to log in to the system. The login activity is the 
initial step to ensure secure access and user authentication. The detailed login flow is visualized in 
Figure 6. 

 

Figure 6. Activity diagram for the user login process 

2. Head of Study Program (HSP) Activity Diagram 

This diagram illustrates the HSP’s activities in executing the system’s primary functions, such as 
managing student data, setting recommendation criteria, and selecting academic supervisors. The 
diagram provides an overview of the HSP’s workflow from the beginning to the end of the supervisor 
selection process, as shown in Figure 7. 
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Figure 7. Activity diagram for the head of study program’s workflow in the supervisor selection process 
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3. Faculty Activity Diagram 

This diagram shows the activities of faculty members about the system, such as viewing student final 
projects or updating supervision status. These activities facilitate faculty members in accessing relevant 
information regarding the final projects they supervise, as illustrated in Figure 8(a). 

4. Recommendation Activity Diagram  

This diagram illustrates the HSP’s activity flow when utilizing the recommendation feature. The system 
processes student and faculty data according to the established criteria and generates supervisor 
recommendations. The recommendation workflow is shown in Figure 8(b). 

  

(a) (b) 

Figure 8. (a) Activity diagram for faculty member activities in supervising final projects; (b) Activity 

diagram for the recommendation process 
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c. Sequence Diagram 

The Sequence Diagram illustrates the interactions between objects within the system in a specific 
sequence over time. This diagram shows how messages and commands are sent between users and the 
system to complete specific processes. The sequence diagrams designed for this system include: 

1. Login Sequence Diagram 

This diagram describes the login process, starting from the user entering credentials into the system, 
verifying the data, and granting access to the user. Each step performed by the user and the system 
during the login phase is visualized in Figure 9. 

 

Figure 9. Sequence diagram for user login process 

2. Recommendation Sequence Diagram 

This diagram illustrates the supervisor recommendation feature in the HSP. The process includes 
submitting student and faculty data, processing it using the C4.5 algorithm, and returning the 
recommendation results to the system. This diagram is shown in Figure 10. 

 

Figure 10. Sequence diagram for the supervisor recommendation process 
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2.2.3 Implementation 

The implementation phase involved translating the designed architecture into program code and 
database structure to develop an effective recommendation system for selecting supervisors based on 
specific criteria. The process began with data preparation, where information regarding faculty 
members and students was input into the system as initial data for the recommendation process. This 
data included faculty competencies, current supervisory workloads, and student final project topics.  

Next, the C4.5 decision tree algorithm was implemented in PHP using the Laravel framework to 
generate supervisor recommendations. Functional integration combined data input, recommendation 
processing, and result display, preparing the system for testing. 

2.2.4 Testing 

The testing phase aimed to verify that each system feature functioned according to the specified 
requirements, ensuring the system could reliably provide accurate and relevant recommendations. 
Testing was conducted using the black box testing method, which focuses on testing functionality 
without considering the internal structure of the code [23], [24]. This testing covered several key 
aspects: 

a) Functional Testing of Input and Output 

This testing ensured that the system could correctly receive and process input data while generating 
outputs meeting user requirements. In this stage, relevant data, such as faculty competencies, 
supervisory workloads, and student project topics, were entered into the system to verify that the data 
were stored, accessed, and managed correctly according to the specified functional requirements. The 
resulting output, including supervisor recommendations and reports on workload distribution, was 
then reviewed to confirm its alignment with the input data. 

A specially designed test sheet based on the black box testing method with a checklist approach was 
used to record the success of each system feature. This approach allowed testers to assess whether each 
function operated as expected by observing the input and output without examining the internal code. 
Each feature was evaluated with “Yes/Y” (functional) or “No/N” (non-functional) as success indicators. 
Additionally, testing was conducted based on the roles of the primary users (Administrator, HSP, 
Faculty) to assess the functionality relevant to each role. If any feature was non-functional, this analysis 
helped identify specific user roles that might require further system adjustments.  

All test results and analyses were documented in detail. Specific recommendations for improvement 
were provided for any feature that failed during testing to address any identified issues, thereby 
enhancing system quality in subsequent maintenance phases. This documentation also served as a 
foundation for further system development and maintaining system performance consistency.  

b) Algorithm Testing 

The algorithm testing aimed to ensure that the C4.5 decision tree algorithm implemented in the system 
could generate relevant and accurate supervisor recommendations based on predefined parameters. 
These parameters included faculty competencies, current supervisory workloads, and the alignment 
between the student’s project topic and faculty expertise. Testing was conducted using several test data 
scenarios to observe whether the algorithm could consistently produce relevant recommendations that 
meet the specified criteria. 
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The steps in algorithm testing involved processing test data with diverse variable values to assess the 
algorithm’s sensitivity and flexibility across different scenarios. The results of each test were analyzed 
to verify that the generated recommendations met system requirements and reflected the prioritized 
criteria as designed. Any inconsistencies or anomalies in the recommendations were documented and 
analyzed to allow for adjustments or improvements to the algorithm as necessary.  

c) User Practicality Testing 

User practicality testing ensured the system was easy to use and understand, providing an efficient and 
satisfactory user experience. This testing evaluated aspects such as ease of navigation, system speed, 
and user comprehension of the recommendations generated by the system. The three main user roles 
involved in this testing—Administrator, HSP, and Faculty—were assessed to ensure that each role 
could effectively use the relevant features according to their needs. A combination of direct observation 
and user satisfaction surveys was used in this testing: 

a. Direct Observation 

Testers observed users interacting with the system to identify any barriers or difficulties encountered 
when using specific features. 

b. User Satisfaction Survey 

A Likert-scale-based survey was conducted to collect user responses regarding ease of navigation, 
system speed, clarity of recommendation interpretation, and willingness to use the system in the future. 
Users rated each item on a scale from 1 (Strongly Disagree) to 5 (Strongly Agree).  

The results of the user practicality testing were recorded and analyzed to obtain the average score and 
percentage for each evaluated aspect. System improvement recommendations were included in the test 
results documentation if any practical aspects were rated as insufficient. Practicality categories were 
evaluated based on Table 1. 

Table 1. Practicality categories 

Average Score (1-5) Percentage (%) Practicality Category 

4.6 - 5.0 92% - 100% Highly Practical 

4.0 - 4.5 80% - 91% Practical 

3.0 - 3.9 60% - 79% Moderately Practical 

2.0 - 2.9 40% - 59% Less Practical 

1.0 - 1.9 20% - 39% Not Practical 

2.2.5 Maintenance 

After the implementation and testing phases were completed, the system entered the maintenance 
phase to ensure it continues functioning effectively and meets user needs over the long term [17]. 
Maintenance activities included data updates involving periodic adjustments to the system in response 
to changes in faculty or student data that could affect supervisor recommendations. Additionally, 
system modifications were made based on user feedback, such as adding or refining features to enhance 
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system functionality and usability. Security management also became a crucial part of this maintenance 
phase to safeguard privacy and protect faculty and student data from unauthorized access.  

3. RESULTS 

The recommendation system for selecting final project supervisors was successfully designed with a 
web-based architecture using the Laravel framework, which separates the user interface (front-end) 
from data processing (back-end). The system includes key features such as faculty and student data 
input, recommendation criteria settings, and the display of supervisor recommendation results.  

3.1. Main Website Page Display 

The main page is the first page users see when accessing the recommendation system application. This 
page serves as the gateway to all features available within the system. The main display includes a 
primary navigation menu with options: Home, About, Blogs, Contact, and Login. The Home menu 
directs users back to the main page, while the About section provides information about the system. 
The Blogs and Contact sections offer additional resources to help users better understand the 
application’s functions and objectives. The Login option allows authorized users to access the system, 
as depicted in Figure 11(a). 

3.2. Login Page Display 

The login page is displayed after the user clicks the Login menu on the main page. This page is the 
primary access point for registered users to enter the system, whether as an Administrator, HSP, or 
Faculty member. Users enter their assigned username and password, and upon successful login, they 
are directed to their role-specific page within the system. This page helps maintain secure access to the 
data, ensuring that only authorized users can access certain features, as shown in Figure 11(b). 

  

(a) (b) 

Figure 11. (a) The main website page display; (b) Login page display 

3.3. Faculty Page 

The faculty page provides specific access for the HSP to manage and view faculty data and expertise 
information. Faculty data includes details about faculty members within the Informatics Engineering 
Education Program under the Department of Electronics Engineering, such as name, position, and 
available supervision quota. Meanwhile, the expertise data contains information on each faculty 
member’s area of expertise, which is instrumental in the final project supervisor selection process. This 
page enables the HSP to obtain necessary information quickly, facilitating decision-making related to 
the distribution of supervisory workloads, as shown in Figure 12. The Expertise Data page also displays 
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detailed information about each faculty member’s specialization areas, which supports the final project 
supervisors’ selection process, as illustrated in Figure 13. 

 

Figure 12. Faculty page display 

 

Figure 13. Expertise data page display  

3.4. Student Page 

As shown in Figure 14, the student page provides the HSP with access to view and manage student data 
within the Informatics Engineering Education Program. Available student data includes names, student 
identification numbers, and proposed final project topics. The HSP can update student information as 
needed to ensure that data remains current before initiating the supervisor recommendation process. 
This page assists the HSP in ensuring that each student receives guidance aligned with their field of 
study. 
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Figure 14. Student page display  

3.5. Recommendation Page 

The recommendation page, as shown in Figure 15, is the system’s core, where the Head of Study 
Program (HSP) can assign academic supervisors for students requiring final project guidance. On this 
page, the HSP can select students from the available list and fill out a recommendation form based on 
umbrella research variables, field of expertise, and supervisory workload distribution (supervision 
quota). Once all criteria are set, the HSP can click the “Generate Recommendation” button to process 
the data and produce a list of recommended supervisors. This page also displays recommendation 
results, showing the names of recommended supervisors, their field of expertise, and supervision quota 
information to support informed decision-making, as illustrated in Figure 16. 

 

Figure 15. Recommendation form page display  
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Figure 16. The recommendation results page display  

3.6. Recommendation Results Report 

Once the supervisor’s recommendations have been established, the system provides the 
Recommendation Results Report feature to document the recommendations in a printable format. This 
report includes the names of the recommended supervisors and a list of students assigned to them, 
along with faculty codes for easier filing and identification. This page assists the Head of Study Program 
(HSP) in archiving the recommendation results as a reference or official document for further 
administrative processes, as shown in Figure 17. Specifically, Figure 17(a) illustrates the PDF download 
page, while Figure 17(b) displays the report view. 

  
(a) (b) 

Figure 17. Recommendation Display: (a) PDF download page (b) Report display 

3.7. Results of System Functionality Testing 

Functionality testing was conducted for each main feature within the system using the black box testing 
method, and three experts evaluated it. This testing focused on whether each system feature operated 
according to the specified requirements and met user needs. The recommendation system for selecting 
final project supervisors was tested based on user groups: Administrator, HSP, and Faculty (lecturer), 
to ensure each user could access and utilize the relevant features. Table 2 presents the results of the 
testing on the system’s functionality. Each feature was evaluated based on the criteria of Yes/Y 
(functioning correctly) and No/N (not functioning according to specifications).  
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Table 2. System functionality testing results (black box)  

No. User System Functionality E1 E2 E3 

1 Admin, HSP, and Lecturer All navigation features within the supervisor 
recommendation system function properly. 

Y Y Y 

2 Admin, HSP, and Lecturer The login menu functions properly. Y Y Y 

3 Admin, HSP, and Lecturer The Logout menu functions properly. Y Y Y 

4 Admin, HSP, and Lecturer The user profile editing menu functions properly. Y Y Y 

5 Admin and HSP Menu for managing lecturer data functions properly. Y Y Y 

6 Admin and HSP Menu for managing expertise data functions properly. Y Y Y 

7 Admin and HSP Menu for managing student data functions properly. Y Y Y 

8 Admin and HSP Menu for managing recommendations functions 
properly. 

Y Y Y 

9 Admin and HSP Menu for managing recommendation results functions 
properly. 

Y Y Y 

10 Admin and HSP Menu for managing history functions properly. Y Y Y 

11 Admin and HSP Menu for exporting results data to PDF functions 
properly. 

Y Y Y 

12 Admin and HSP Menu for exporting results data to Excel functions 
properly. 

Y Y Y 

13 Admin and HSP Menu for exporting history data to PDF functions 
properly. 

Y Y Y 

14 Lecturer Menu for managing supervised student data functions 
properly. 

Y Y Y 

Note: E1, E2, and E3 represent Expert 1, Expert 2, and Expert 3 respectively.  

The testing results indicated that all system functionalities operated effectively per the design 
requirements. All tested features were confirmed to function correctly, including system navigation, 
login/logout menus, faculty and student data management, and data export to various formats (PDF 
and Excel). Faculty members’ management of student supervision data also proceeded smoothly 
without issues. These results demonstrate that the system functions technically and has the potential 
for improvement in user experience (UX), which can be implemented in subsequent development 
phases to enhance user comfort. 

3.8. Algorithm Testing Results 

The C4.5 decision tree algorithm was tested by inputting various test data scenarios to ensure that the 
algorithm produced recommendations based on the parameters of faculty competencies, supervisory 
workloads, and student final project topics. The testing results showed that the algorithm generated 
accurate and relevant recommendations, achieving a match rate of 96.7% against the test data, as 
presented in Table 3. 
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Table 3. Algorithm testing results 

No. Test Data 
Recommendation 

Result 

Suitability 

5 = Excellent 3 = Fair 1 = Poor 

1 Student A, Topic 1 Lecturer Y 5 

2 Student B, Topic 2 Lecturer D 5 

3 Student C, Topic 3 Lecturer R 3 

4 Student D, Topic 4 Lecturer A 5 

5 Student E, Topic 5 Lecturer D 5 

6 Student F, Topic 6 Lecturer V 5 

7 Student G, Topic 7 Lecturer Y 3 

8 Student H, Topic 8 Lecturer R 5 

9 Student I, Topic 9 Lecturer R 5 

10 Student J, Topic 10 Lecturer G 3 

11 Student K, Topic 11 Lecturer A 5 

12 Student L, Topic 12 Lecturer H 1 

13 Student M, Topic 13 Lecturer H 3 

14 Student N, Topic 14 Lecturer G 5 

15 Student O, Topic 15 Lecturer S 3 

Total 58 

Persentase 96.7% 

The results of the algorithm testing demonstrated that the system could provide consistent and optimal 
supervisor recommendations. The high level of recommendation accuracy indicated that the algorithm 
effectively considered each criterion, including faculty competencies and workload distribution. The 
recommendations showed that the algorithm functioned as expected for this system.  

3.9. User Practicality Testing Results 

The results of user practicality testing aimed to assess the ease of use, system speed, and user 
understanding of the supervisor recommendation system based on the C4.5 decision tree algorithm. 
This testing involved three main user roles: Administrator, HSP, and Faculty (lecturer), who interacted 
directly with the system. The testing measured five key aspects: ease of navigation, system speed, clarity 
of recommendations, satisfaction with the accuracy of recommendations, and willingness to use the 
system again. Details of the testing results can be found in Figure 19. With an average score of 4.59 or 
91.73%, as shown in Table 4, the system is categorized as Highly Practical. This category reflects a 
generally positive user experience, indicating that the system is efficient and easy to use. These results 
affirm the practicality and effectiveness of the system in supporting the supervisor selection process 
within academic institutions. The high scores across various aspects, such as ease of navigation and 
satisfaction with recommendation accuracy, further underscore the system’s capability to meet user 
needs effectively. 
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Figure 19. User practicality testing results 

Table 4. Average scores and percentages of user practicality testing results 

No. Aspect Measured Average Likert Scale 

1 Ease of Navigation 4.57 

2 System Speed 4.47 

3 Ease of Understanding Recommendations 4.63 

4 Satisfaction with Recommendation Accuracy 4.73 

5 Willingness to Use the System Again 4.53 

Total 4.59 

Percentage 91.73% ≈ 92% 

Category Highly Practical 

4. DISCUSSION 

The recommendation system for selecting final project supervisors utilizing the C4.5 decision tree 
algorithm successfully achieved an accuracy rate of 96.7% in generating relevant and appropriate 
recommendations. The algorithm considered key factors such as faculty competencies, workload 
distribution, and the alignment between student final project topics and faculty expertise. These results 
indicate that the C4.5 decision tree algorithm is an effective choice for classification and recommendation 
tasks in an academic context, particularly in objectively distributing supervisory workloads. 

The findings align with previous research by Wang et al. [25], who discovered that the C4.5 decision tree 
algorithm provides high accuracy in applications involving complex data classification, such as academic 
recommendation systems. This conclusion is also consistent with studies by Harryanto et al. [12], which 
applied decision trees in selecting instructors and found that this algorithm could effectively consider 
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various parameters, including competency and availability, with an accuracy exceeding 70%. A significant 
difference in this study is that the developed system achieved a higher accuracy with optimal 
recommendation suitability, primarily due to the integration of specific variables in the model, such as 
workload distribution. Thus, this research contributes to existing literature, providing additional 
evidence that the C4.5 decision tree algorithm is effective for recommendations that consider multiple 
important attributes simultaneously. 

These findings have significant practical implications for educational institutions, especially in managing 
final project supervision. This system provides a more objective and efficient recommendation process, 
reducing reliance on manual selection that often leads to imbalances in faculty workloads. With its 
intuitive features and responsive interface, the system can be easily integrated into academic and 
administrative processes to enhance service quality and improve student experiences in academic 
guidance. These implications align with the results of Ngurah et al. [26], which state that implementing 
web-based systems in academic environments can enhance operational efficiency and user satisfaction. 

The methodology used in this study, particularly the selection of the C4.5 decision tree algorithm, proved 
effective in meeting the needs of the recommendation system with a high accuracy level. This algorithm 
operates optimally in scenarios where specific attributes must be considered to generate objective 
recommendations. Additionally, the web-based architecture allows for a clear separation between the 
front-end and back-end, providing greater system maintenance and development flexibility. This 
separation also enables future system enhancements and integration with other academic systems. 

Usability testing indicated that the system has a high level of usability, with an average score of 4.59 or 
91.87%. Users from various roles (Administrator, HSP, Faculty) found the system intuitive and efficient, 
with the highest score on satisfaction with recommendation accuracy, rated at 4.7. This indicates that the 
system meets functional requirements and provides a satisfactory user experience. Suggestions provided 
by users, such as adding usage guides for specific features, highlight potential improvements that could 
further enhance user experience. 

Despite the high accuracy and success rates observed during testing, some limitations exist. First, the 
testing was conducted on a limited scale of data. Although the algorithm demonstrated good performance 
with this data, additional testing with larger and more diverse datasets is necessary to ensure the 
consistency of algorithm performance under various conditions. Second, the system’s parameter settings, 
such as supervisory loads, still require manual intervention. This can be a limitation, especially if faculty 
data or student final project topics frequently change. In such cases, the system requires manual updates, 
affecting efficiency. 

For future developments, this research recommends testing the system with larger datasets to evaluate 
algorithm performance on a broader scale. Additionally, incorporating features such as report previews 
before export and change confirmations could enhance user experience, as suggested by three experts in 
UX testing [27]. Further development may consider integration with academic information systems 
(SIAKAD) for real-time access to student data. Moreover, adding AI components for automated 
adjustments to recommendation criteria parameters could make the system more adaptive and responsive 
to changes in faculty data or student final project topics. 

5. CONCLUSION 

This study successfully developed a web-based recommendation system for selecting final project 
supervisors, leveraging the C4.5 decision tree algorithm. The system achieved a high % accuracy rate of 
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96.7% in generating relevant and appropriate recommendations by evaluating critical factors such as 
faculty competencies, supervisory workloads, and the alignment between students' final project topics 
and faculty expertise. Additionally, the system met functional requirements and was well-received by 
users, achieving an average satisfaction score of 4.59 (91.87%). This reflects its user-friendly design, 
efficient processing speed, and ability to deliver clear and actionable recommendations. 

The application of the C4.5 decision tree algorithm proved highly effective in addressing complex 
classification challenges in an academic context. The system's key features—including faculty and student 
data management, configurable recommendation criteria, and detailed reporting of recommendation 
outcomes—significantly support the Head of Study Program (HSP) in achieving equitable and optimal 
supervisory load distribution. 

This system demonstrates the considerable potential to improve efficiency in academic management by 
automating the traditionally manual and often imbalanced supervisor selection process. Its web-based 
architecture ensures scalability and flexibility, enabling seamless integration with existing academic 
information systems and supporting future enhancements. 

Given these promising outcomes, the system holds potential for broader implementation as a sustainable 
solution for enhancing academic administration. Future research should focus on expanding the system’s 
functionalities, such as incorporating advanced AI-based features to enhance adaptability and performance 
in dynamic academic environments. Furthermore, testing the system with larger and more diverse 
datasets will be essential to validate its robustness and ensure consistent performance across various 
academic institutions. 
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