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Abstract

This study aims to classify the status of outpatient visits at RSUD Dr. Zubir Mahmud into three main categories, namely "Very Urgent",
"Urgent", and "Not Urgent”, using the C4.5 algorithm. The web-based system uses the PHP programming language and MySQL database
to ensure ease of implementation and efficient data management. The classification process is done by setting threshold parameters,
calculating entropy, and the gain ratio to form an accurate and reliable decision tree. The results show that the C4.5 algorithm can classify
patient visit data with a reasonably high accuracy rate, which is 93.75% for 2022 data and reaches 100% for 2023 data. In 2022 the "Very
Urgent" category had 9 True Positives (TP); in 2023, the number remained consistent. However, in both years, there were also False
Negatives in the same category, with 4 cases in 2022 and 5 cases in 2023. The "Urgent" and "Not Urgent" categories show suboptimal
classification performance due to uneven data distribution, which causes the precision and recall values in these categories low. Model
evaluation was conducted using evaluation metrics such as precision, recall, and F1 score. The evaluation results show that the model
works very well in identifying high-priority categories, but further development is needed to improve classification in other categories.
This system is expected to be a reliable tool in decision-making in health services, especially in determining the priority of patient services
appropriately and efficiently. With further development, this system has the potential to be widely applied in various other hospitals.

Keywords: C4.5 Algorithm, Classification, Confusion Matrix, Decision Tree, Outpatient Visits.

1. Introduction

In the world of health, technological advances are needed to support the performance of medical personnel. Many hospitals and health
centers have started using information technology to process patient data. This, of course, makes it easier for medical personnel to process
patient data and group the status of visits to one of the health institutions, with the status of visits to one of the health agencies, by comparing
data grouping from previous data and comparing data grouping of earlier data. Regional public hospitals are very much needed by people
who experience health problems to carry out treatment.

Public awareness of health can increase the number of visitors to the hospital. Patient handling can be improved, and patients can be well
served with enhanced quality. One of the units affected by the increasing number of visits to the hospital is the outpatient unit. If the status
of outpatient visits can be adequately grouped, it will help the organization in planning actions that must be taken by medical personnel.
Due to the increasing number of outpatient visits and data requests every year, it is necessary to have an information system as a case
reporting tool so that hospital staff can group and handle the cases. In addition, the regional general hospital Dr. Zubir Mahmud requires
an information system as efficient data processing so that health workers can access it at the regional general hospital dr. Zubir Mahmud
[1]. What must be done by the hospital is to group outpatient visitor disease data so that it can be classified well and accurately. Classified
accurately and adequately, so that the hospital can provide better services, patients can receive better care, and patients are happier to visit
for treatment.

The C4.5 algorithm is one of the algorithms used to form decision trees. The C4.5 algorithm has input in training and test samples, where
training samples are in the form of sample data that will be used. Samples and samples, training samples in the form of sample data that
will be used to build a tree that has been tested, while samples to build a tree that has been tested, while samples are data fields that will be
used as parameters. are data fields that will later be used as parameters in classifying data[2]. This algorithm will determine which outpatient
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visitor status is urgent, very urgent, and non-urgent. Urgent, very urgent, and not urgent. It is expected to help hospital staff classify the
status of outpatient visitors. In looking for the classification of the status of outpatient visitors, the author takes 2022 and 2023 data [3].
Like the research conducted by Siska Febriani and Heni Sulistiani, with the research title "Analysis of Diagnosis Results Data for
Classification of Personality Disorders Using the C4.5 Algorithm”[4]. Personality Disorders Using the C4.5 Algorithm™ (2021). Based on
the research results, the C4.5 algorithm was successfully applied to classify psychological disorders accurately with a relatively good level
of accuracy. On training data testing, this algorithm achieved an accuracy of 57.50%, with the same precision and recall. According to the
testing data, the accuracy increased to 72.67%, with a recall of 100%. Reaching 100%. The prediction showed that 73% of the people
experienced major depressive disorder, 25% had generalized anxiety disorder (GAD), and 2% experienced conversion disorder. These
results demonstrate the potential of the C4.5 algorithm in supporting the process of diagnosing psychological disorders quickly and
precisely, so that it can provide helpful information for people to understand their psychological condition.

Similar research was also conducted by Siti Riska Julianti lhnur Alham, Efy Yosrita, Rizgia Cahyaningtyas, with the research title
"Diagnosis System for Coronary Heart Disease Using Website-Based C4.5 Algorithm™. Coronary Heart Disease By Using Website-Based
C4.5 Algorithm (Case Study: Dr. Soedarso Pontianak Hospital)" [5]. Based on research, C4.5 algorithm was successfully applied for the
diagnosis of coronary heart disease with a very high accuracy, which reached with very high accuracy, reaching 94.4%. This algorithm
processes various risk factors such as age, gender, systolic and diastolic blood pressure, total cholesterol levels, HDL, LDL, triglycerides,
and heredity. By building a decision tree based on the classified data, this study demonstrates the ability of the C4.5 algorithm to support
the diagnosis process quickly, accurately, and in a structured manner. Diagnosis process in a fast, accurate, and structured manner, making
it useful for clinical decision-making in the health sector. Clinical decision-making in the health sector.

2. Literature Review

2.1 Data Mining

According to David Hand, Heikki Manilla, and Padhraic Smyth from MIT, data mining is the analysis of data (usually large data) to analyze
it. Data mining is the analysis of data (usually large data) to find clear relationships and infer them that were not known before in a currently
understood and useful way to the data owner, before in a way that is currently understood and useful for the owner of the data[6]. Data
Mining is the process of collecting and processing data that aims to extract important information from the data. Data mining applies two-
step methods, namely unsupervised learning and supervised learning. Learning. Unsupervised learning does not use guidance or instructors,
but uses data names as teachers, while supervised learning involves guidance and instructors (Dayera, 2011). involves guidance and
instructors[7]. Data mining can be divided into several stages, a series of processes.

Data mining is also a series of processes that extract additional value in the form of knowledge that is not known manually. Additional
knowledge that has not been known manually from a data set[8]. Data mining is often also called knowledge discovery in databases (KDD).
KDD is an activity that historically collects and uses data to find regularities, patterns, or relationships in large data sets[9]. Data mining is
related to other fields of science, such as database systems, data warehousing, statistics, and data science: warehousing, statistics, machine
learning, information retrieval, and high-level computing[10]. In addition, data mining is supported by other sciences such as neural
networks, pattern recognition, spatial and analysis, image databases, and signal processing—database, signal procesing. Data mining is the
process of finding patterns in data[11].

2.2. Outpatient Care

Outpatient service (ambulatory service) is one form of existing medical services. Existing medical services, which are defined as outpatient
services, are medical services provided to patients, not in the form of hospitalization. Hospitalization. Outpatient services are for
observation, diagnosis, treatment, medical rehabilitation, and other health services without staying at the hospital [12].

2.3. Classification

Classification is finding models (functions) that describe and distinguish between data classes. Models (functions) that can describe and
differentiate classes of data or concepts can be used to describe and differentiate classes of data or concepts. Concepts, to use the model to
predict the class of an object. Class of an object [13]. The process of finding a model or function that describes or distinguishes concepts
or classes of data to estimate the class of an object whose label is unknown. Classification can also be interpreted as assigning a new data
record to one of the following categories (or classes) previously defined[14].

Classification processes are typically divided into two phases: learning and testing. In the learning phase, a portion of the data with known
class labels is used to build an estimation model. Then, in the testing phase, the formed model is tested with another portion of the data to
determine the model's accuracy[15]. Classification itself is divided into two stages: classification and learning. A classification algorithm
constructs a model in the learning stage by analyzing the training data. This learning stage can also be viewed as forming a function or
mapping y = f(x), where y is the predicted class and x is the tuple whose class is to be[16].

2.4. C4.5 Algorithm

The C4.5 algorithm is one of the classification algorithms, and it is used to construct decision trees. A decision tree is an influential and
well-known method for classification and prediction. This method transforms large amounts of factual data into a decision tree representing
a set of rules. These rules can be easily understood in natural language. This method is considered suitable for solving classification
problems, such as determining the status of outpatient visitors using data directly obtained from the hospital[17].

The advantage of the C4.5 algorithm is that it is a decision tree method capable of avoiding issues by using fewer criteria at each internal
node without significantly reducing the quality of the resulting decisions[18]. An algorithm is an effective method expressed as a finite
sequence. It is also a set of instructions designed to solve a particular problem, where these instructions can be executed step by step from
beginning to end. The problem can be anything, provided each problem has initial criteria to be met before running an algorithm. An
algorithm also involves decision-making to reach a final outcome [19].

The C4.5 algorithm uses an information gain theory approach to build a model as a decision tree. The attribute with the highest information
gain value will be selected as the parent for the next node. Before calculating the gain, the entropy value must first be determined. Entropy
is a parameter used to measure a data sample's heterogeneity (diversity). The more heterogeneous the sample data, the higher the entropy
value[20]. The formula used to calculate entropy is:
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Entrophy(S,A) = Zi 1_1 1
Explanation: B
S = Set of Classes

n = Number of Partitions in S

Pi = Proportion of Sito S

After the entropy value is obtained, the next step is to calculate the gain to measure the effectiveness of an attribute in classifying the
data. Gain is calculated using the following formula:

— pi x log2pi

Gain (S, 4) = Entrophy(S) Zi n 1% 3 ERErOphy(§,) ™ 77 7 7T 2)
= s

Explanation:

S = Set of Cases

A = Attribute

n = Number of Partitions of Attribute A
(Si) = Number of Cases in the i-th Partition
(S) = Total Number of Cases in S

3. Research Method

This research was conducted at the Dr. Zubir Mahmud Regional General Hospital at JL. Medan — Banda Aceh, Seuneubok Baro, Idi Timur
District, East Aceh Regency. This location was chosen because it has aspects that support the needs and completion of this research. The
research was conducted throughout 3 (three) months.

4. Results and Discussion

This research uses a web-based system developed with PHP and MySQL to apply the C4.5 algorithm in classifying the visit status of
outpatient patients at Dr. Zubir Mahmud Regional General Hospital. The system is designed to provide recommendations for patient visit
statuses categorized as "Urgent," "Highly Urgent," and "Not Urgent," based on outpatient data from 2022 and 2023.

The primary focus of this study is to explore the capability of the C4.5 algorithm in producing accurate classifications to improve patient
management more effectively and efficiently, as well as to assist the hospital in prioritizing patient services based on the level of urgency.
In addition, this study also evaluates the performance of the C4.5 algorithm through accuracy, precision, and recall analysis to measure the
consistency and relevance of the results compared to conventional approaches.

4.1. System Analysis
o
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Fig. 1 Sequence Diagram Login

This Login Sequence Diagram describes the flow of the admin authentication process in the system. The process starts when the admin
enters the username and password on the Login form. The data is then forwarded to the dashboard to validate the information entered.
Next, the dashboard sends an authentication request to the control system, which then forwards it to the database to match the Login data
with the stored data. After the validation process, the database returns the validation results to the control system, which returns the
information to the dashboard. The admin will be directed to the main page (dashboard) if the validation is successful. This flow ensures
that only verified users can access the system.
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Fig. 2 Sequence Diagram of C4.5 Process

The C4.5 Process Sequence Diagram illustrates the workflow of data processing using the C4.5 algorithm in the system. The process begins
when the admin selects the C4.5 Process menu from the system interface. The system then displays the available year data for the admin
to choose as part of the classification process. Once the year data is selected, the admin enters the parameters required to run the C4.5
algorithm. The system uses the parameters to ensure the classification process runs according to user requirements and relevant data
scenarios. Next, the system forwards the data along with the parameters entered by the admin to the database for processing. The database
stores the classification results generated by the C4.5 algorithm. After the classification process is complete, the system displays all
classification results to the admin, including the resulting status categories, such as "Urgent," "Very Urgent," or "Not Urgent." This process
is designed to ensure that data processing runs efficiently, classification results are appropriately stored, and can be accessed by the admin

for analysis or report needs.
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Fig 3. User Data Sequence Diagram

This User Data Sequence Diagram explains the process flow of managing user data in the system. The process starts when the admin selects
the User Data menu on the system interface. After that, the system displays the user data form, which allows the admin to view, add to, or
update user data. The admin then enters the required user data, such as name, username, or access rights. The data is then forwarded to the
process form for further processing.

The process form sends the entered data to the database to be saved or updated. After the database successfully stores the data, the system
confirms to the admin that the user data has been added or updated. This flow ensures that user data can be managed efficiently and
organized, making managing access and users in the system easier.

4.2. Descriptive Data

This study uses outpatient visit data from Dr. Zubir Mahmud Regional General Hospital for 2022 and 2023. The data includes the number
of visits by male (M) and female (F) patients at each polyclinic every month. In total, 16 polyclinics were recorded in 2022 and 17 in 2023,
with the addition of the Orthopedic polyclinic in 2023.
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Table 1. Research Dataset 2022

Polyclinic Total Male Total Female Total
Internal Medicine 3567 4858 8425
Surgery 2191 2437 4628
Pediatrics 1686 1180 2866
Obstetrics and Gynecology 0 2070 2070
Neurology 2312 3749 6061
Psychiatry 1309 671 1980
Psychology 0 0 0
Ophthalmology 2068 2886 4954
Dental and Oral Health 312 757 1069
Urology 0 0 0
THT 1051 1149 2200

In 2022, the total number of patient visits reached 44,060, consisting of 19,493 male and 24,567 female patients. The polyclinic with the
highest number of visits was the Neurology Polyclinic, serving 6,061 patients, followed by the Internal Medicine Polyclinic with 8,425
visits. On the other hand, the Psychology Polyclinic recorded the lowest number of visits, with zero trips throughout the year. Overall, the
number of visits by female patients was higher than that of male patients in most polyclinics.

Table 2. Research Dataset 2023

Polyclinic Total Male Total Female Total
Internal Medicine 3063 4458 7521
Surgery 1692 1956 3648
Pediatrics 1034 946 1980
Obstetrics and Gynecology 0 1515 1515
Neurology 2886 5091 7977
Psychiatry 987 589 1576
Psychology 0 0 0
Ophthalmology 1477 2225 3702
Dental and Oral Clinic 419 1005 1424
THT 1503 1495 2998
Orthopedics 779 784 1563

In 2023, the total number of patient visits was recorded at 45,227, consisting of 19,252 male and 25,975 female patients, indicating a
continuing trend where female patients dominate visits in most polyclinics. The Neurology Polyclinic again had the highest number of
visits, totaling 7,977, followed by the Pulmonology Polyclinic. The Orthopedic Polyclinic, which began operations this year, recorded 173
trips. Monthly patient visits showed significant fluctuations, with January and December typically recording high numbers, while April
and May tended to be lower. Seasonal illness patterns, service availability, or changes in hospital operations may influence these variations.
This descriptive data provides an initial overview of the distribution of patient visits per polyclinic and serves as an essential foundation
for further analysis using the C4.5 algorithm to classify visits based on urgency levels, aiming to improve hospital service efficiency.

4.2. Manual C4.5 Calculation

This process begins with collecting patient visit data as the basis for manual calculation of the C4.5 algorithm. Next, the initialization
process is carried out by calculating each attribute's entropy and gain ratio values to determine the most relevant attribute to be used as the
root of the decision tree. The inference process continues by constructing the decision tree based on the selected attributes, where existing
facts are classified into three main categories: "Highly Urgent,” "Urgent," and "Not Urgent." The sample data used in the manual C4.5
calculation is the "Internal Medicine" polyclinic data from 2022.

Table 3. Sample Data Generation

Month Male Female
January 335 496
February 302 408
March 424 479
April 220 296
May 253 380
June 286 479
July 289 349
August 318 408
September 285 366
October 260 402
November 296 379

December 299 416
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Total Male & Female Visits 3567 4858
Total Overall Visits 8425

Based on the calculation results, the Gender Ratio attribute has a Gain Ratio of 0.603. If this is the highest value compared to other attributes,
then this attribute is selected as the root of the decision tree. This process is continued for each branch until all data is classified.

4.3. Manual Calculation of Evaluation Metrics

In this subchapter, manual calculations for evaluation metrics using the confusion matrix generated from the classification of the 2022 data
are performed. The calculated evaluation metrics include accuracy, precision, recall, specificity, and F1 score for each category: "Very
Urgent,” “Urgent,” and "Not Urgent.” The calculation results show that for the category “Very Urgent,” the model has an accuracy of 75%,
precision of 100%, recall of 69.23%, specificity of 100%, and F1 score of 81.82%. Meanwhile, for the categories "Urgent" and "Not
Urgent,” the model has the same accuracy of 93.75%, but with precision, recall, and F1 score values of 0%, due to the absence of accurate
optimistic predictions for both categories. This calculation provides an overview of the model's excellent performance in the top priority
category but less than optimal in other categories, so that it can be evaluated for further development.

4.4. System Implementation

The researcher discusses the implementation of the C4.5 algorithm in a decision support system for the classification of outpatient visit
status at RSUD Dr. Zubir Mahmud, according to the design analysis that has been designed previously. This implementation is the stage
after design, where the system allows users, such as admins, to input variable data such as year, polyclinic, and patient visit data (number
of men and women). This data is then processed using the C4.5 algorithm to produce a classification of patient visit status into three
categories: “Urgent," “Very Urgent,” and “Not Urgent." The system also allows efficient validation of the interface and classification
results, which are presented as tables or reports for easy analysis.

Dashboard

08 Dashboara

h Total Users Total Polyclinics Total Visits 2022 Total Visits 2023
DATAMANAGEMENT 2 ° 33 o 44,060 45,227 °
=]

Monthly Visits Chart

Fig. 4 Dashboard Page Display

The dashboard page is the leading information center of the C4.5 algorithm-based classification application, designed to provide an overall
overview. Users can view essential statistics such as total users, number of polyclinics, and total patient visits in 2022 and 2023. The main
feature on this page is a bar graph that compares the number of patient visits per month between the two years, making it easy to analyze
trends and visit patterns visually. In addition, on the left side of the page, there is a navigation sidebar efficiently designed to facilitate
access to various essential sections of the application. Users can quickly move to the Dashboard menu, Data Processing section (including
Year Data, Research Data, and C4.5 Process), and system authorization features such as Data Users, About, and Logout. With an organized
appearance and intuitive navigation, the dashboard page supports a smooth workflow and helps users manage and analyze data effectively.
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Fig 5. Year Data Page View

The Year Data page is an essential component in the C4.5 algorithm-based classification system, especially in managing the time parameter,
one of the main variables in the data analysis process. The interface of this page displays an informative table containing a list of years that
have been registered in the system, with a column arrangement in the form of sequence numbers (No), years (Year), and an action column
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(Action) that provides two main options: a yellow “Edit” button to update data, and a red "Delete” button to delete unnecessary data. In
the top right corner of the page is an "Add Year” button designed to make it easier for users to add new year entries to the database,
supporting the completeness of historical data required in the classification process. The layout of this page is organized in a functional yet
straightforward manner, allowing users to access, add, change, and delete year data quickly and efficiently. Not only does this page make
it easier to manage time in the context of analysis, but it also strengthens the data integration required to produce accurate classification
results that are consistent with the algorithmic approach used.
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Fig 6. Data Presentation View 2022

The Year 2022 Visit Data page displays outpatient visit data per polyclinic based on the selected year. Users can view, edit, add, or delete
visit data through the available CRUD (Create, Read, Update, Delete) features. This page provides an “Add Polyclinic” button to enter
new polyclinic data, and an action column on the far right of the table to manage existing data. This page is designed to facilitate the
management of visit data according to analysis needs.
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Fig. 7 Display of C4.5 Process Page

The C4.5 Algorithm Process start page is the main entry point for starting the classification analysis of patient visit data by year using the
C4.5 method. On this page, the user is presented with an informative table that lists the year periods available in the system. Each year,
entry is equipped with an “Algorithm Process” button in the action column, which triggers the classification process based on visit data for
that year. This interface is designed to help users determine the temporal context efficiently, allowing the system to perform calculations
only on relevant data. With an intuitive design and directed workflow, this page becomes integral in facilitating the initial stages of the
data analysis process using the C4.5 algorithm in a more structured and systematic manner.
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Fig 8. Hyperparameter Tuning or Manual Parameter Optimization

The initial configuration stage of the system provides a comprehensive interface for users to set classification parameters crucial in
analyzing patient visit data. Users can freely set threshold values for priority categories such as “Very Urgent” and “Urgent”, as well as set
the “Gender Threshold Ratio” according to the hospital's specific needs or policies. Determining these parameters allows health institutions
to customize the model to the unique characteristics of the patient population they serve.

The system also has an advanced hyperparameter tuning feature that optimizes parameter combinations within a predefined spectrum of
values. This functionality systematically evaluates various parameter configurations to identify the optimal combination that yields the best
classification performance. This methodological approach improves the reliability and accuracy of the model in classifying patient visit
data, ensuring that data-driven decisions have a strong and validated analytical foundation.
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Fig 9. First Presentation of the C4.5 Process 2022

The optimal results of hyperparameter tuning show that the best parameter combination is the “Very Urgent” threshold of 600, the “Urgent"
threshold of 300, and the gender ratio of 1. Furthermore, the classification process using the C4.5 algorithm produces several datasets
displayed in several main tables. First, the classification results table presents data that includes the polyclinic name, total patient visits,
gender ratio, visit category, and classification status. For example, polyclinics with a high number of visits, such as “Internal Medicine"
and “Surgery”, fall into the priority category of “Highly Urgent”. In contrast, polyclinics with a low number of visits, such as “Psychologist"
and “Urology”, are categorized as “Not Urgent”. This data provides a clear picture of the priority level of services in each polyclinic, which
helps the hospital to manage resources more effectively.
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Fig. 10 Second Presentation of the C4.5 Process 2022

In the total entropy calculation table, the system calculates an entropy value of 0.8684 based on the distribution of cases in each category.
For example, there are 13 cases in the “Very Urgent” category, 1 case in the “Urgent" category, and 2 cases in the “Not Urgent” category.
This entropy value indicates the level of uncertainty in the data, which is the basis for further calculations.

Furthermore, the gain ratio calculation table displays two main attributes: "Visit Category" and "Gender Ratio”. The attribute "Visit
Category" has the highest gain ratio value of 1.0000, followed by "Gender Ratio” with a value of 0.2682. Based on these results, the system
selects "Visit Category" as the primary attribute in the decision tree formation because it greatly influences classification.
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Fig. 12 Fourth Presentation of C4.5 Process 2022

In the model evaluation stage, evaluation results are presented through a confusion matrix and other metrics. The confusion matrix shows
the classification performance for each category, such as “Very Urgent”, “Urgent”, and “Not Urgent”. For example, in the “Very Urgent”
category, the system recorded 9 True Positives (TP), 3 True Negatives (TN), 0 False Positives (FP), and 4 False Negatives (FN). In addition,
the evaluation used metrics such as accuracy, precision, and recall. The overall accuracy reached 93.75%, with high precision in the “Very
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Urgent” category (100%) but zero for the other categories. These results show that the system is able to classify the top priority categories
well, although it requires improvement in the other categories.
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Fig 13. User Data Page Display

The User Data page is a feature in the system used to manage user data that has access to the C4.5 algorithm-based classification application.
This page has a user list that includes information such as number, name, username, password, and the role of each user, such as admin or
regular user. Admins can add new users with the “Add User” button located in the top right corner, as well as manage existing user data
through the “Edit” and “Delete” options provided in the Action column.

5. Conclusion

This study aims to classify the status of outpatient visits at RSUD Dr. Zubir Mahmud into three main categories, namely “Very Urgent”,
“Urgent”, and “Not Urgent”, using the C4.5 algorithm. Based on the research results from the 2022 and 2023 data, the C4.5 algorithm
successfully classified the status of patient visits with high accuracy, dividing the data into three main categories according to the level of
urgency. Polyclinics with high visit rates, such as “Internal Medicine” and “Pediatric”, tended to be categorized as “Very Urgent”, while
polyclinics with low visit rates, such as “Psychologist”, were more often classified as “Not Urgent”. Implementing a web-based system
that implements this algorithm shows high accuracy of 93.75% for 2022 and 100% for 2023, allowing users to adjust parameters and
improve classification accuracy according to the hospital's needs. Although the “Very Urgent” category has excellent accuracy, other
categories, such as “Urgent” and “Not Urgent,” still need improvement, especially in improving the precision and recall for these categories.
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