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Abstract  . 

Employee performance evaluation is a critical issue in organizational management, as 

identifying the underlying factors influencing employee satisfaction and productivity 

enables managers to make more informed decisions. This study aims to discover hidden 

patterns in employee performance through the integration of Rough Set Theory and data 

mining techniques, using a case study approach in a manufacturing company. Rough Set 

Theory is applied to reduce redundant attributes and extract decision rules from large 

employee datasets, while data mining algorithms are employed to uncover latent 

relationships between job satisfaction, loyalty, and performance levels. The empirical 

analysis, based on data collected from a structured questionnaire and organizational 

performance records, reveals a set of meaningful patterns describing how various 

personal and organizational factors jointly impact employee effectiveness. The findings 

illustrate that the proposed hybrid approach provides a transparent and interpretable 

framework for performance analysis, supporting strategic human resource decisions and 

continuous improvement in employee management. 
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1. Introduction  

    In  today’s competitive business landscape, understanding and enhancing employee 

performance is paramount for organizational success. Employee satisfaction, 

engagement, and productivity are not merely byproducts of effective management but are 

critical drivers of innovation, efficiency, and overall strategic advantage. However, the 

complex interplay of factors influencing these outcomes often remains obscured, making 

it challenging for organizations to implement targeted interventions. Traditional 

performance evaluation methods may not always capture the nuanced relationships and 

hidden patterns that dictate employee effectiveness. Therefore, there is a growing need 

for advanced analytical approaches that can delve deeper into employee data to uncover 

these latent dynamics. This research addresses this need by proposing a hybrid 

methodology that integrates Rough Set Theory and data mining techniques. Rough Set 

Theory offers a powerful framework for dealing with imprecise and incomplete 

information, enabling the reduction of data complexity and the extraction of essential 

decision rules. By applying this theory, we can systematically identify the core factors 

affecting employee performance and satisfaction. Complementing this, data mining 

algorithms provide the tools to explore vast datasets, uncover hidden patterns, and model 

complex relationships that might not be apparent through conventional analysis.   

The primary objective of this study is to apply this integrated approach to a case study 

within a manufacturing company. We aim to discover hidden patterns in employee 

performance by analyzing the relationships between various attributes, such as job 

satisfaction, work environment, and organizational support, and their impact on actual 

performance metrics. The findings are expected to provide actionable insights for human 

resource managers, enabling them to develop more effective strategies for employee 

motivation, retention, and performance enhancement. This study contributes to the 

existing literature by demonstrating the practical application and benefits of combining 

Rough Set Theory and data mining for a more comprehensive understanding of employee 

performance dynamics. 

2. LITERATURE REVIEW 

2.1 rough set theory 

In 1982, Pavlak introduced a set of rough theories that tackles uncertainty and ambiguity. 

These theories have been applied in decision systems, machine utilization, image 

processing, and applied analytics to manage incomplete data using upper and lower 

limits. When combined with fuzzy sets, this theory becomes more effective in addressing 

real-world problems. The integration of rough set theory with fuzzy logic enhances the 

ability to model complex systems where data may be imprecise or uncertain. This synergy 

not only improves decision-making processes but also facilitates the development of more 
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robust algorithms capable of handling diverse applications across various fields. Existing 

literature shows the relevance of this theory in various scenarios and its diverse 

applications, demonstrating its potential to provide innovative solutions for real-world 

data challenges.  

The definition of the ROUGH SET theory set is shown in Figure 1 as an outline: 

 

Figure 1: conceptual framework 

 

The set of formulas used in rough set theory can be seen in the section that follows: 
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2.2 Data Mining 

Data mining, also known as knowledge discovery in databases (KDD), is the process of 

extracting meaningful and previously unknown information from large datasets. It 

encompasses a variety of techniques, including classification, clustering, regression, and 

association rule mining, which are employed to identify patterns, trends, and correlations. 

Numerous studies have highlighted the utility of data mining in various business domains, 

including marketing, finance, and operations. In the context of human resources, data 

mining has been used for applications such as employee turnover prediction, recruitment 

optimization, and performance analysis (Agrawal & Agrawal, 2019; Maimon & Brown, 

 

𝑆 =   𝑈, 𝐴, 𝑉, 𝐹                                                                                                                 (1) 

𝐹 = 𝑈 × 𝐴, 𝑎 ∈ 𝐴𝑉 = 𝑈𝑉𝑎                                                                                                 (2) 

 𝐼𝑁𝐷 =   𝑋, 𝑌 ∈ 𝑈 × 𝑈: ∀𝑎 ∈ 𝑃, 𝐹 𝑥, 𝑎 = 𝐹 𝑦, 𝑎                                                (3) 

𝑎𝑝𝑟 𝑋 = 𝑈 𝑥 ∈ 𝑈: 𝐼𝑁𝐷 𝑥 ⊑ 𝑋                                                                                  (4) 
 
 𝑎𝑝𝑟 𝑋 = 𝑈 𝑥 ∈ 𝑈: 𝐼𝑁𝐷 𝑥 ∩ 𝑋 ≠ 0                                                                                   (5) 

 
𝑃𝑂𝑆 𝑋 = 𝑎𝑝𝑟 𝑋                                                                                                                                        (6) 

𝑁𝐸𝐺 𝑋 = 𝑈 − 𝑎𝑝𝑟 𝑋                                                                                                       (7) 
                                        
𝐵𝑁𝐷𝑃 = 𝑎𝑝𝑟 𝑥 − 𝑎𝑝𝑟 𝑥                                                                                               (8) 

𝐶𝑂𝑅𝐸 𝑃 = ∩ 𝑅𝑖𝑅𝑖∈𝑅𝐸𝐷 𝑃      𝑖 =  1,2,3, … . , 𝑛                                                            (9) 

𝑓 𝐴 =   𝑎(𝑥, 𝑦)
𝑈

 𝑋 ,𝑌 ∈𝑈
                                                                                                (10) 

𝑥𝑖 𝑖 = 1,2,3, . . . , 𝑛                                                                                                            (11) 

𝑌𝑗  𝑗 = 1,2,3, . . . , 𝑛                                                                                                            (12) 

𝑟: 𝐷𝑒𝑠𝑐 𝑋𝐼 ⇒ 𝐷𝑒𝑠𝐷 𝑌𝑗                                                                                                      (13) 

  𝐼𝐹𝑓 𝑥, 𝑞1 = 𝑟𝑞1 ∧ 𝑓 𝑥, 𝑞2 = 𝑟𝑞2 ∧ 𝑓 𝑥, 𝑞3 = 𝑟𝑞3 ∧. . . .∧ 𝑓 𝑥, 𝑞𝑝 =

𝑟𝑞𝑝𝑇𝐻𝐸𝑁𝑋 ∈ 𝑌𝑗1 ∨ 𝑌𝑗2 ∨ 𝑌𝑗3 ∨. . . .∨ 𝑌𝑗𝑘𝑊𝐻𝐸𝑅𝐸  𝑞1, 𝑞2, 𝑞3, . . . , 𝑞𝑝 ⊇

𝐶;  𝑟𝑞1, 𝑟𝑞2⬚
, 𝑟𝑞3, . . . 𝑟𝑞𝑝 ∈ 𝑉𝑞1 . 𝑉𝑞2 . 𝑉𝑞3. . . . . 𝑉𝑞𝑝                                                                (14) 
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2006). Techniques like decision trees, neural networks, and support vector machines have 

been widely applied to model employee behavior and predict outcomes. 

2.3 Employee Performance 

Employee performance is a multifaceted construct that refers to the effectiveness with 

which employees fulfill their job responsibilities and contribute to organizational goals. 

It is influenced by a wide array of factors, including individual capabilities, motivation, 

job design, organizational culture, leadership style, and training and development 

opportunities (Borman & Motowidlo, 1993; Campbell, 1990). Researchers have 

developed various models and metrics to measure employee performance, ranging from 

objective productivity data to subjective supervisory ratings. A deeper understanding of 

the determinants of performance is crucial for organizations seeking to improve 

productivity, foster employee development, and achieve strategic objectives.  

2.4 Hidden Patterns 

The concept of hidden patterns refers to non-obvious relationships, trends, or structures 

within data that are not readily apparent through simple observation or basic statistical 

analysis. Data mining techniques are particularly adept at uncovering these latent 

patterns, which can provide profound insights into complex phenomena. In human 

resource management, hidden patterns might relate to the subtle influences of 

organizational policies on morale, the underlying reasons for specific performance 

discrepancies, or the emergent trends in employee engagement. Discovering these 

patterns can lead to more effective and proactive HR strategies, moving beyond reactive 

problem-solving to strategic foresight. Rough Set Theory, as discussed below, is 

particularly suited for uncovering such patterns by identifying redacts and rules within 

data. 

 

 

 

 

2.5 Human Resource Management (HRM): 

HRM encompasses the policies, practices, and systems that shape an organization’s 

employee relations. Its strategic importance lies in aligning human capital with business 

objectives to achieve competitive advantage. Key HRM functions include recruitment 
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and selection, training and development, performance management, compensation, and 

employee engagement. Increasingly, HR professionals are leveraging data analytics and 

data mining to inform decision-making across these functions, moving towards a more 

evidence-based approach (Rao, 2014). The ability to analyze employee data to understand 

performance drivers, predict future needs, and optimize workforce strategies is becoming 

a core competency for modern HR departments. 

2.6 Integration and Gap: 

While data mining has been applied to various HR issues, the explicit application of 

Rough Set Theory for uncovering hidden patterns in employee performance, particularly 

within a case study context, remains an area with potential for further exploration. This 

study aims to bridge this gap by demonstrating how the synergistic application of Rough 

Set Theory and data mining can provide a more robust and interpretable analysis of 

employee performance data, revealing patterns that might otherwise remain hidden. 

3. Materials and methods 

3.1 Research Design 

This research is conducted as a case study in a manufacturing company. The primary 

objective of this study is to discover hidden patterns in employee performance through 

the integration of Rough Set Theory and data mining techniques. For this purpose, data 

was collected through a structured questionnaire and organizational performance records. 

3.2 Data Collection 

The necessary data for this research was collected through a questionnaire that included 

questions related to job satisfaction, work environment, organizational support, and other 

factors affecting employee performance. The questionnaire was designed to provide 

accurate information about demographic characteristics and factors influencing employee 

performance. 

3.3 Data Analysis 

For data analysis, Rough Set Theory was initially used to reduce redundant attributes and 

extract decision rules. Subsequently, data mining algorithms were employed to uncover 

latent relationships between job satisfaction, loyalty, and performance levels. These 

methods help identify meaningful patterns in the data. 

 

3.4 Demographic Characteristics of the Sample 

 



 110-97صفحات  –  1رهشما  –  2دوره    بازرگانی  و  حسابداری  اقتصاد،  در  نوین  های  پژوهش  فصلنامه

Journal of new researches in economics, accounting and Banking 
ISSN 3060-6071 

 

103 
 

The table below shows the demographic characteristics of the sample group: 

Feature Number (Persons) Percentage (%) 

Gender   

Male 62 62 

Female 38 38 

Age   

Under 25 years 29 29 

25 to 35 years 51 51 

Over 35 years 20 20 

Education Level   

High School 22 22 

Bachelor's Degree 48 48 

Master's Degree 30 30 

Work Experience   

Under 5 years 41 41 

5 to 10 years 27 27 

Over 10 years 32 32 

 

This table summarizes the demographic characteristics of the employees and aids in a 

more precise analysis of the factors influencing their performance. 

 

 

 

 

 

 



 110-97صفحات  –  1رهشما  –  2دوره    بازرگانی  و  حسابداری  اقتصاد،  در  نوین  های  پژوهش  فصلنامه

Journal of new researches in economics, accounting and Banking 
ISSN 3060-6071 

 

104 
 

 

 

4. Findings 

This research employed advanced data mining techniques, specifically Rough Set Theory 

(RST), to extract key decision rules that elucidate the relationships between employee 

performance, job satisfaction, and organizational factors. These rules offer a deeper 

understanding of the dynamics influencing employee effectiveness. 

4.1 Extracted Decision Rules 

The analysis using Rough Set Theory identified significant patterns within the data, which 

are presented as decision rules. These rules specify the necessary or sufficient conditions 

for particular outcomes (e.g., high performance or job satisfaction): 

 

• Rule 1: IF Job Satisfaction is High AND Perceived Organizational Support is 

Strong, THEN Employee Performance is likely to be High.                                     

Explanation: This rule highlights a positive synergy between job satisfaction and 

organizational support; together, they have a greater impact on performance than 

either factor alone. 

 

• Rule 2: IF the work environment is perceived as Positive, Safe, and Collaborative, 

THEN the likelihood of achieving High Job Satisfaction increases. This 

heightened satisfaction, in turn, acts as a catalyst for improved overall employee 

performance.  Explanation: This rule emphasizes the critical role of the work 

environment as a prerequisite for fostering satisfaction and, consequently, better 

performance. 

 

• Rule 3: Younger employees (aged under 25) tend to report Lower levels of job 

satisfaction. This finding suggests a need for targeted HR management strategies 

for the younger demographic. 

 

• Rule 4: Employees with Higher educational attainment tend to exhibit Better job 

performance. This underscores the role of education and skill development in 

enhancing individual productivity. 

These rules are derived from actual data analysis using quantitative methods, providing a 

clear framework for understanding the key drivers of employee performance. 
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4.2 Inter-Variable Relationships (General Analysis) 

Beyond the specific rules extracted, a general analysis of the data also confirmed 

significant correlations among the variables studied: 

 

• Job Satisfaction and Performance: A strong positive correlation was 

observed between job satisfaction and employee performance. 

• Impact of Organizational Support: Perceived organizational support 

functions as a key factor in increasing employee engagement and loyalty. 

• Work Environment Significance: A positive work environment significantly 

impacts both job satisfaction and performance. 

4.3 Implications for Human Resource Management 

The findings of this study, particularly the extracted decision rules, have important 

practical implications for Human Resource Management (HRM): 

 

• Data-Driven Approaches: The necessity of integrating data-driven analysis 

into HRM decision-making, including the design of programs related to job 

satisfaction, work environment, and organizational support. 

• Targeted Strategies: By understanding the identified patterns (e.g., specific 

needs of younger employees or the influence of education), organizations can 

develop more targeted strategies for employee engagement, retention, and 

performance improvement. 

• Operational Framework: Providing HR managers with a quantitative and 

qualitative framework for implementing evidence-based and proven 

management practices. 

 

4.4 Conclusion of Findings: 

This study demonstrates the effectiveness of a hybrid approach combining Rough Set 

Theory and data mining in uncovering meaningful insights and extracting actionable 

decision rules within the domain of employee performance. These findings significantly 
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contribute to HRM by enhancing management practices and fostering organizational 

productivity. 

 

 

 

5. Conclusion  

This research successfully achieved its goal of discovering hidden patterns in employee 

performance through the integration of Rough Set Theory (RST) and data mining 

techniques. The case study conducted in a manufacturing company highlighted the 

efficacy of this combined approach in analyzing complex data related to employee 

performance, job satisfaction, and various organizational factors. RST’s ability to manage 

uncertainty and ambiguity in data, coupled with data mining’s power in identifying 

hidden relationships, provided a robust yet interpretable framework for a deeper 

understanding of the dynamics influencing employee effectiveness.  The extracted 

decision rules, such as the positive relationship between high job satisfaction and strong 

organizational support leading to high performance, offered practical and actionable 

insights for human resource managers. These findings suggest that focusing on a single 

factor alone is insufficient; rather, the synergy between different factors significantly 

impacts the final outcomes. Furthermore, emphasizing the importance of a positive work 

environment and identifying the specific needs of particular demographic groups (such 

as younger employees) allows for the design of more targeted human resource strategies. 

This study not only adds to the existing body of knowledge in employee performance 

management but also outlines a data-driven operational model for organizations to 

improve their decision-making in human resources. 

5.1 Research Limitations 

Despite the achievements of this research, several limitations should be considered: 

Case Study Limitation: The results of this study are based on data from a specific 

manufacturing company. This may limit the generalizability of the findings to other 

industries, sectors, or organizational types. Employee performance patterns can be 

heavily influenced by the nature of the industry, organizational culture, and business 

environment. 

Data Limitations: The quality and quantity of the collected data directly affect the 

validity of the results. Although a structured questionnaire and organizational 
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performance records were used, some qualitative factors or subtle dynamics not captured 

in the data might exist. Moreover, over-reliance on self-reported data through 

questionnaires can lead to bias. 

Complexity of Rough Set Theory: While RST is a powerful framework for analyzing 

incomplete and ambiguous data, its implementation and interpretation might be 

challenging for researchers less familiar with this approach. Computational complexity 

in very large datasets can also be a limitation. 

Focus on Specific Factors: This study focused on specific factors such as job 

satisfaction, work environment, and organizational support. Other factors like leadership 

style, career development opportunities, and work-life balance can also significantly 

impact performance and were not fully explored in this research. 

5.2 Suggestions for Future Research 

Based on the limitations mentioned and the findings of this research, the following 

suggestions are proposed for future studies: 

Generalizability and Comparative Studies: Conducting similar studies across different 

industries (e.g., service sector, IT, or public sector) to investigate how various factors 

influence employee performance in diverse contexts. Additionally, performing 

comparative studies between different organizations within the same industry could help 

identify best practices. 

Utilizing More Diverse Data Sources: Combining quantitative data (e.g., performance 

appraisal results, productivity data) with qualitative data (e.g., semi-structured interviews 

with employees and managers) to gain a more comprehensive and in-depth understanding 

of performance-influencing factors. This can help mitigate biases arising from self-report 

methods. 

Exploring Advanced Techniques: Investigating other data mining and machine learning 

techniques (e.g., deep neural networks, reinforcement learning algorithms) alongside or 

instead of RST to analyze more complex patterns and identify non-linear relationships. 

Hybrid techniques could also be employed to overcome the limitations of individual 

methods. 

Analyzing More Factors and Long-Term Effects: Expanding the scope of factors 

considered to include leadership style, organizational culture, learning and development 

opportunities, rewards and recognition, and work-life balance. Conducting longitudinal 
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studies to track how employee performance patterns change over time and under the 

influence of organizational or economic shifts. 

Developing Predictive Models: Utilizing the extracted patterns and rules to develop 

more accurate predictive models for identifying employees at risk of declining 

performance or attrition, as well as identifying high-potential employees for key roles. 

Application in Specific Domains: Examining how this approach can be applied in 

specific areas of human resource management, such as designing training programs, 

compensation systems, and succession planning. 

In conclusion, this research represents a significant step towards utilizing advanced 

analytical approaches to understand and improve employee performance. By addressing 

the limitations and pursuing future research suggestions, a more comprehensive and 

practical understanding of this critical domain can be achieved, assisting organizations in 

attaining sustainable competitive advantage through their human capital. 
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