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Abstract: Human resource management plays a critical role in supporting organizational performance, 

particularly in identifying employees with high competency and leadership potential. The process of 

evaluating employee performance is often conducted manually, which may lead to subjectivity and 

inconsistencies in decision-making. This study aims to implement the C4.5 decision tree algorithm for 

talent performance analysis within the Human Resource Department of PT. XYZ. The research 

utilized employee performance data collected during the 2022–2023 period, including variables such as 

attendance, achievement, assessment results, service period, and other competency-related indicators. 

The study adopted the Cross Industry Standard Process for Data Mining (CRISP-DM) framework, 

consisting of business understanding, data understanding, data preparation, modeling, evaluation, and 

deployment stages. The C4.5 algorithm was employed to classify employee competencies and generate 

decision rules based on entropy and information gain calculations. The results indicate that the 

algorithm successfully identified the most influential attributes affecting employee performance 

classification, with achievement, assessment, and service period emerging as key determinants. The 

resulting decision tree provides a systematic and interpretable classification model that supports 

objective employee evaluation and talent identification. The study demonstrates that the application of 

data mining techniques can assist organizations in improving the effectiveness of employee 

performance assessment and human resource decision-making processes. 

Keywords: C4.5 Algorithm; Data Mining; Employee Performance; Human Resource Management; 

Talent Performance.  

 

1. Introduction 

Human resources are one of the most important assets in an organization because they 
directly influence organizational performance and business sustainability. As companies 
continue to expand and diversify their business operations, the need for competent 
employees with strong leadership potential becomes increasingly critical. Identifying 
employees who possess outstanding competencies and performance is therefore an essential 
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task for Human Resource Departments (HRD), particularly in organizations seeking to 
support long-term business growth and competitiveness. 

 
PT. XYZ is a company primarily engaged in the distribution and retail business of 

electronic devices. In recent years, the company has expanded its business portfolio into 
several new sectors, including food, beauty, fashion, and healthcare retail. This business 
expansion requires the company to identify and develop talented employees who can assume 
leadership roles in newly established business units. Employees with superior competencies 
and performance, commonly referred to as star talents, play a significant role in determining 
the success of organizational development and strategic business initiatives. 

 
Performance evaluation is commonly used as a mechanism to assess employee 

competencies and identify individuals with high potential. Employee performance reflects the 
knowledge, skills, abilities, and behaviors demonstrated in completing assigned tasks and 
contributing to organizational objectives. However, evaluating employee performance is 
often a complex process because multiple factors must be considered simultaneously, 
including work experience, attendance records, competency development, assessment results, 
and overall performance evaluations. In many organizations, the evaluation process is still 
conducted manually, which may introduce subjectivity and inconsistencies in decision-
making. 

 
The increasing volume of employee data presents an opportunity to utilize data-driven 

approaches for improving the objectivity and efficiency of performance assessment. Data 
mining techniques have been widely adopted to extract meaningful patterns and knowledge 
from large datasets. Through classification algorithms, organizations can identify hidden 
relationships among employee attributes and generate predictive models that support 
decision-making processes. Data mining not only improves analytical capabilities but also 
helps organizations make more accurate and consistent personnel decisions. 

 
Several previous studies have demonstrated the effectiveness of data mining techniques 

in human resource management. Research on employee performance prediction, employee 
retention, talent identification, and workforce analytics has shown that classification 
algorithms can provide valuable insights for organizational decision-making. In particular, 
decision tree-based methods have gained considerable attention due to their interpretability 
and ability to generate understandable decision rules. A previous study on lecturer 
performance evaluation using the C4.5 algorithm reported that the method achieved a high 
classification accuracy and successfully identified top-performing lecturers based on multiple 
assessment criteria. These findings indicate that the C4.5 algorithm is suitable for classification 
problems involving multiple performance indicators. 

 
Despite the growing application of data mining in human resource management, the 

process of identifying star talent within PT. XYZ remains largely dependent on manual 
assessment and subjective judgment. The absence of an objective classification mechanism 
may affect the fairness and accuracy of employee evaluations. Furthermore, the large number 
of employees and evaluation criteria increases the complexity of determining the most suitable 
candidates for leadership development and career advancement. 

 
To address these challenges, this study applies the C4.5 decision tree algorithm to analyze 

employee talent performance within PT. XYZ. The classification model is developed using 
employee data consisting of attendance records, competency learning achievements, 
assessment results, and other relevant performance indicators. The objective of this study is 
to evaluate the effectiveness and accuracy of the C4.5 algorithm in classifying employee 
competencies and supporting the identification of high-performing employees. The resulting 
model is expected to assist the Human Resource Department in making more objective, 
efficient, and data-driven decisions regarding employee development and talent management. 

 
The contributions of this study include providing a systematic approach for employee 

competency classification, supporting the identification of high-potential employees, and 
generating insights that can help organizations improve workforce development strategies. 
Through the implementation of data mining techniques, the study aims to enhance the quality 
of human resource decision-making and support sustainable organizational growth. 
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2. Literature Review 

Data Mining 
 
Data mining is a process of extracting useful knowledge, hidden patterns, and 

meaningful information from large datasets using statistical, machine learning, and artificial 
intelligence techniques. The primary objective of data mining is to transform raw data into 
valuable knowledge that can support decision-making processes. Through data mining, 
organizations can identify relationships among variables, predict future outcomes, and classify 
data into meaningful categories. 

 
In the context of human resource management, data mining can be utilized to analyze 

employee performance, identify talent potential, predict employee turnover, and support 
strategic workforce planning. The increasing availability of employee-related data enables 
organizations to apply data-driven approaches for improving the effectiveness and objectivity 
of personnel management decisions. 

 
Knowledge Discovery in Databases (KDD) 

 
Knowledge Discovery in Databases (KDD) refers to the overall process of discovering 

useful knowledge from data. KDD consists of several sequential stages, including data 
selection, data preprocessing, data transformation, data mining, and interpretation of results. 
These stages are designed to ensure that raw data can be transformed into meaningful 
information that supports organizational objectives. 

 
The data selection stage focuses on identifying relevant datasets for analysis. Data 

preprocessing involves cleaning inconsistent, incomplete, or redundant data. Data 
transformation converts the prepared data into an appropriate format for mining activities. 
Subsequently, data mining techniques are applied to discover patterns and relationships within 
the dataset. Finally, the interpretation stage evaluates and presents the extracted knowledge 
in a form that can be understood and utilized by decision-makers. 

 
Classification in Data Mining 

 
Classification is one of the most widely used techniques in data mining and belongs to 

the category of supervised learning. The objective of classification is to assign data instances 
into predefined classes based on their attributes and historical patterns. A classification model 
is developed using labeled training data and subsequently used to predict the class of new 
observations. 

 
Classification techniques have been extensively applied in various domains, including 

healthcare, education, finance, and human resource management. In employee performance 
analysis, classification algorithms can be used to categorize employees according to their 
competency levels, performance achievements, and potential for career advancement. 

 
C4.5 Decision Tree Algorithm 

 
The C4.5 algorithm is a decision tree-based classification method developed as an 

extension of the ID3 algorithm. It constructs a decision tree by selecting attributes that 
provide the highest information gain, thereby creating decision rules that can be used for 
classification purposes. 

 
The C4.5 algorithm evaluates each attribute using entropy and information gain 

calculations to determine the most influential variable in the classification process. The 
attribute with the highest gain is selected as the root node, while subsequent branches are 
formed recursively until all data instances are classified. One of the main advantages of the 
C4.5 algorithm is its ability to generate interpretable decision rules that are easily understood 
by decision-makers. 

 
In this study, the C4.5 algorithm is employed to classify employee competencies and 

identify employees with superior performance based on multiple assessment criteria, 
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including attendance records, competency learning achievements, assessment results, and 
other relevant performance indicators. 

 
CRISP-DM Methodology 

 
Cross Industry Standard Process for Data Mining (CRISP-DM) is a widely adopted 

framework for conducting data mining projects. The methodology provides a systematic 
approach that guides the entire data mining process from problem identification to model 
deployment. 

 
CRISP-DM consists of six phases: Business Understanding, Data Understanding, Data 

Preparation, Modeling, Evaluation, and Deployment. Business Understanding focuses on 
identifying organizational objectives and analytical requirements. Data Understanding 
involves collecting and exploring available datasets. Data Preparation includes cleaning, 
transforming, and organizing data for analysis. The Modeling phase applies selected 
algorithms to develop predictive or classification models. Evaluation assesses the 
effectiveness of the developed model, while Deployment focuses on implementing the results 
in practical decision-making environments. 

 
The structured nature of CRISP-DM makes it suitable for human resource analytics 

projects, particularly those involving employee performance classification and talent 
identification. 

 
Model Evaluation 

 
The performance of a classification model must be evaluated to determine its 

effectiveness and reliability. In this study, model evaluation is conducted using a Confusion 
Matrix and Receiver Operating Characteristic (ROC) analysis. 

 
A Confusion Matrix provides information regarding the number of correctly and 

incorrectly classified instances. From this matrix, performance metrics such as accuracy, 
precision, recall, and classification error can be derived. Accuracy measures the proportion of 
correctly classified instances relative to the total number of observations. 

 
In addition, ROC analysis is used to evaluate the classification capability of the model 

across different threshold values. The Area Under the Curve (AUC) serves as a quantitative 
indicator of model performance. An AUC value approaching one indicates excellent 
classification capability, whereas values closer to zero indicate poor predictive performance. 
Therefore, Confusion Matrix and ROC-AUC analyses provide comprehensive measurements 
for assessing the effectiveness of the C4.5 classification model in employee performance 
evaluation. 

3. Materials and Method 

Research Design 
 
This study employed a data mining approach to analyze employee talent performance 

within PT. XYZ. The research aimed to classify employee competencies and identify high-
performing employees using the C4.5 decision tree algorithm. The overall research process 
followed the Cross Industry Standard Process for Data Mining (CRISP-DM) framework, 
which provides a systematic methodology for transforming organizational data into 
actionable knowledge. 

 
Data Source and Research Dataset 

 
The dataset used in this study was obtained from PT. XYZ and consisted of employee 

records collected during the period of 2022–2023. The research focused on active employees 
who had completed competency assessments, learning modules, certification activities, and 
internal performance evaluations. 
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The employee dataset contained several attributes related to employee competency and 
performance evaluation. These attributes included service period, attendance records, 
disciplinary violations, competency learning achievements, assessment results, performance 
evaluations, and other relevant indicators used by the Human Resource Department in 
evaluating employee performance. 

 
The dataset was utilized as the primary source for constructing a classification model 

capable of identifying employee competency levels and supporting talent performance 
analysis. 

 
CRISP-DM Framework 

 
The study adopted the CRISP-DM methodology, which consists of six sequential 

phases: 
 

Business Understanding 
 
The first phase focused on understanding organizational needs and defining the business 

problem. PT. XYZ required an objective approach to evaluate employee performance and 
identify employees with the highest potential for leadership and career development. 
Therefore, the study aimed to develop a classification model capable of supporting Human 
Resource decision-making processes. 

 
Data Understanding 

 
At this stage, employee data were collected and examined to understand their 

characteristics, structure, and suitability for classification purposes. The analysis included 
identifying relevant variables and evaluating data quality prior to further processing. 

 
Data Preparation 

 
The collected data were prepared before the modeling stage. This process included data 

cleaning, attribute selection, transformation, and organization of employee records into a 
format suitable for data mining analysis. Irrelevant or inconsistent data were removed to 
improve model performance. 

 
Modeling 

 
The modeling phase applied the C4.5 decision tree algorithm to classify employee 

performance categories. The algorithm generated classification rules based on entropy and 
information gain calculations. The attribute with the highest information gain was selected as 
the root node, while subsequent branches were developed recursively until classification rules 
were established. 

 
The resulting decision tree provided a structured representation of relationships among 

employee performance indicators and enabled the identification of employees with superior 
competencies. 

 
Evaluation 

 
The developed classification model was evaluated to determine its predictive capability 

and effectiveness. Model performance was assessed using classification performance metrics 
derived from a confusion matrix. The evaluation process measured the ability of the model 
to correctly classify employee competency categories based on the available dataset. 

 
Deployment 

 
The final phase involved interpreting the classification results and presenting the 

generated knowledge to support decision-making within the Human Resource Department. 
The resulting model can be utilized as a decision-support tool for employee competency 
assessment, talent identification, and workforce development planning. 
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C4.5 Decision Tree Algorithm 

 
The C4.5 algorithm was selected because of its ability to perform classification tasks 

using multiple attributes while generating decision rules that are easily interpretable. The 
algorithm constructs a decision tree by calculating entropy and information gain values for 
each attribute. Attributes with the highest gain values are prioritized during tree construction 
because they contribute the most information to the classification process. 

 
Through recursive partitioning, the algorithm produces classification rules that can be 

used to categorize employees according to their competency and performance characteristics. 
 

Model Evaluation 
 
To evaluate the effectiveness of the classification model, a confusion matrix approach 

was employed. The confusion matrix provides information regarding correctly and incorrectly 
classified instances, enabling the calculation of classification accuracy. 

 
In addition, Receiver Operating Characteristic (ROC) analysis and Area Under the Curve 

(AUC) measurements were utilized to assess overall model performance. A model with an 
AUC value approaching 1 indicates strong classification capability, whereas lower values 
indicate weaker predictive performance. These evaluation techniques were used to determine 
the reliability of the C4.5 model in supporting employee talent performance analysis within 
PT. XYZ. 

 
Figure 1. Research Framework Based on CRISP-DM Methodology. 

4. Results and Discussion 

Dataset Characteristics 

The dataset used in this study was obtained from PT. XYZ and consisted of 
employee performance records collected during the 2022–2023 period. The dataset contained 
employee competency and performance indicators that were utilized by the Human Resource 
Department to evaluate employee potential and performance. The attributes included service 
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period, attendance records, disciplinary violations, learning module completion, assessment 
results, performance evaluations, and other competency-related variables. These attributes 
were selected because they represent important indicators used in employee performance 
assessment and talent identification processes. 

To support the classification process, the dataset underwent several preparation 
stages, including data selection, cleaning, transformation, and organization according to the 
CRISP-DM framework. These processes ensured that the dataset was suitable for 
classification using the C4.5 decision tree algorithm. 

Figure 2. Parameter Employee Data mining. 

Decision Tree Construction Using the C4.5 Algorithm 

The classification model was developed using the C4.5 decision tree algorithm. The 
algorithm determines the most influential attribute by calculating entropy and information 
gain values for each variable. The attribute with the highest information gain is selected as the 
root node of the decision tree. 

The initial calculation results indicated that the Achievement attribute produced the 
highest information gain value of 0.28 and was therefore selected as the root node of the 
classification model. This finding suggests that employee achievement plays a significant role 
in determining employee competency classification within PT. XYZ. 

After establishing the root node, the algorithm recursively evaluated the remaining 
attributes to generate subsequent branches. For employees classified under the Achievement 
= Yes category, further analysis identified Assessment and Service Period as important 
classification attributes. In particular, the Service Period attribute produced an information 
gain value of 0.321 in one branch of the decision tree, indicating its substantial contribution 
to employee competency classification. 
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Figure 3. Initial Entropy and Information Gain Calculation. 

 

 

 

 

Figure 4. Node Calculation for Achievement. 

Figure 5. Node Calculation for Achievement = Yes.  
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Figure 6. Node Calculation for Achievement = Yes and Assessment = Beginner. 

Classification Results 

The application of the C4.5 algorithm successfully generated a decision tree model 
capable of classifying employees according to their competency and performance 
characteristics. The resulting model transformed complex employee performance data into a 
set of understandable decision rules that can support Human Resource decision-making 
processes. 

The generated decision tree revealed the hierarchical relationship among employee 
performance indicators and highlighted the attributes that most strongly influenced 
classification outcomes. Achievement emerged as the primary classification factor, followed 
by assessment outcomes and service period. These findings indicate that employee 
accomplishments, competency evaluations, and work experience collectively contribute to 
determining employee performance categories. 

Figure 7. Final Decision Tree Generated by the C4.5 Algorithm. 

The resulting classification rules provide practical guidance for Human Resource 
managers in identifying employees with superior competencies and leadership potential. 
Furthermore, the model enables organizations to classify employees objectively using 
historical performance data rather than relying solely on subjective evaluations. 

Discussion 

The findings demonstrate that the C4.5 algorithm can effectively support talent 
performance analysis within PT. XYZ. The generated decision tree provides a transparent 
and interpretable classification mechanism, allowing Human Resource personnel to 
understand how employee attributes contribute to competency classification. 
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The identification of Achievement as the root node indicates that employee 
accomplishments represent the most influential factor in talent classification. This result is 
consistent with the organizational objective of identifying employees who exhibit strong 
performance and leadership potential. Additionally, the significance of Assessment and 
Service Period suggests that competency evaluation and work experience remain important 
considerations in employee development and promotion decisions. 

Compared with conventional manual assessment approaches, the proposed data 
mining model offers a more systematic and data-driven mechanism for evaluating employee 
competencies. The classification rules generated by the model can reduce subjectivity in 
performance assessment and improve consistency in decision-making processes. 
Consequently, the model can assist the Human Resource Department in identifying high-
potential employees, planning competency development programs, and supporting talent 
management initiatives. 

The study also demonstrates the applicability of data mining techniques in human 
resource analytics. By utilizing historical employee data, organizations can uncover hidden 
patterns that may not be easily identified through traditional evaluation methods. Therefore, 
the implementation of the C4.5 algorithm provides valuable support for strategic workforce 
planning and employee performance management within PT. XYZ. 

5. Conclusion 

This study implemented the C4.5 decision tree algorithm to support talent performance 
analysis within the Human Resource Department of PT. XYZ. The research was conducted 
using employee performance data consisting of several competency-related attributes, 
including attendance records, achievement indicators, assessment results, service period, and 
other performance evaluation criteria. The data mining process followed the CRISP-DM 
methodology, encompassing business understanding, data understanding, data preparation, 
modeling, evaluation, and deployment stages. 

 
The results demonstrate that the C4.5 algorithm is capable of classifying employee 

competencies and generating decision rules that can be used to support talent identification 
and employee performance evaluation. The classification process successfully identified the 
most influential attributes affecting employee competency assessment, with achievement 
emerging as the primary factor in the decision tree structure, followed by assessment and 
service period variables. 

 
The generated decision tree provides an interpretable and systematic approach for 

analyzing employee performance, enabling Human Resource managers to perform 
evaluations more objectively and consistently. By utilizing historical employee data, the model 
assists in identifying employees with superior competencies and supports decision-making 
related to talent management and workforce development. 

 
Overall, the implementation of the C4.5 algorithm demonstrates its potential as a 

decision-support tool for employee performance classification and talent identification within 
PT. XYZ. The findings indicate that data mining techniques can contribute to improving the 
effectiveness of human resource management by providing a more structured, data-driven, 
and transparent evaluation process. 
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