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 Abstract -Employee attrition and layoffs are critical 

challenges organizations face, often leading to 

significant financial and operational setbacks. This 

project aims to develop a comprehensive Machine 

Learning-based Employee Attrition and Layoff 

Prediction System to address these issues proactively. 

Leveraging advanced data analytics and machine 

learning techniques, the system analyzes various 

employee-related factors, such as performance metrics, 

work history, job satisfaction, and organizational 

changes. The core objective is to predict potential 

employee attrition and layoff risks. Historical employee 

data is used for training, ensuring accuracy and 

reliability in the predictions. By identifying at-risk 

employees and understanding the underlying causes, 

organizations can reduce turnover rates, improve 

employee retention, and optimize workforce planning. 

Ultimately, the proposed system aims to enhance 

organizational stability and foster a supportive work 

environment through data-driven decision-making.  

KEYWORD — Employee attrition, Layoff prediction, 

Machine learning, Predictive analytics, Workforce 

management, Employee retention, HR analytics, Data-

driven decision-making, Supervised learning, Workforce 

planning. 

I.INTRODUCTION 

Employee turnover and layoffs are major challenges 

to organizations, typically causing fiscal burdens, 

losses in productivity, and interruptions in 

workforce continuity. Talent retention and effective 

workforce transition are key to success in today's 

fast-paced business world. Conventional best 

practices in employee retention and layoff avoidance 

depend greatly on after-the-fact measures, which are 

not always best suited to detect at-risk employees or 

treat root causes in a timely and effective manner. In 

an attempt to address this problem proactively, this 

project presents a Machine Learning-based 

Employee Attrition and Layoff Prediction System. 

Utilizing powerful data analytics and machine 

learning methods, the system processes a set of 

employee-related variables, such as job 

performance, work history, job satisfaction, and 

organizational changes. Utilizing past employee 

information for training models, the system strives 

to forecast likely attrition and layoff risks with 

remarkable accuracy and dependability. The 

fundamental aim of the project is to give 

organizations actionable information that assists in 

lowering turnover rates, improving employee 

retention measures, and enhancing workforce 

planning. Companies can create targeted 

interventions by catching at-risk employees early 

and comprehending the main drivers of attrition, 

leading to a more stable and nurturing work 

environment. This predictive system eventually aids 

organizations in making data-based decisions that 

increase long-term employee engagement and 

business sustainability. 

II.RELATED WORKS 

Many research works have been conducted to 

examine the factors influencing employee attrition 

and layoffs, as well as to develop efficient prediction 

and mitigation strategies. Researchers have explored 

diverse methodologies to enhance workforce 

retention and optimize human resource planning 

using machine learning techniques. Several 

literature studies provide valuable insights into 

current predictive models, their limitations, and 

potential improvements to enhance the accuracy and 

reliability of attrition and layoff forecasting systems. 

Employee attrition and layoff forecasting research 

has made wide use of machine learning algorithms 

to improve the accuracy of forecasts and maximize 

HR planning. In 2024, [1] Md Sumon Gazi et al. 

proposed a machine learning model with Decision 

Tree, AdaBoost, Random Forest, and Gradient 

Boosting for predicting employee attrition, where 

Random Forest had the best accuracy (Journal of 

Business and Management Studies). [2] Sunil 

Bhutada et al. used Gradient Boosting algorithms 

with emphasis on feature selection to increase the 

accuracy of predictions (Asian Journal of Research 
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in Computer Science). In 2023, [3] a paper in Expert 

Systems with Applications suggested a stacking 

ensemble learning model that consists of Logistic 

Regression, Random Forest, XGBoost, and 

Artificial Neural Networks, which performed better 

than standalone classifiers in attrition prediction. [4] 

Chenyu Liao compared different classifiers like 

Support Vector Machine, AdaBoost, and Random 

Forest and concluded that Random Forest would be 

the best model in real-world HR analytics 

(Proceedings of the International Conference on 

Mechatronics Engineering and Artificial 

Intelligence). In 2022, [5] Markus Atef et al. created 

k-nearest neighbors (KNN) and Random Forest-

based prediction models to predict employee 

turnover, of which the KNN-based model had better 

performance (International Journal of Electrical and 

Computer Engineering Systems). [6] Ali Raza et al. 

implemented machine learning algorithms to predict 

employee attrition with an accuracy of 93% and 

determined influential factors like monthly income, 

hourly pay, and job level (Applied Sciences). In 

2021, [7] Xinlei Wang and Jianing Zhi put forward 

a machine learning architecture incorporating 

feature engineering, model training, and ensemble 

learning methods to maximize predictive accuracy 

(Journal of Management Analytics). [8] 

Mathematics also published another study 

introducing a feature selection method, "max-out," 

and demonstrating its capability in enhancing 

attrition prediction models. And lastly, in 2020, [9] 

Ali Raza et al. employed deep neural networks to 

predict attrition, highlighting the significance of 

feature selection in enhancing performance 

(Computers). 

III.METHODOLOGY 

A. Data Gathering 

Data gathering is the initial process in the creation 

of the Machine Learning-Based Employee Attrition 

and Layoff Prediction System. The system collects 

past employee information from open sources like 

the IBM HR Analytics dataset or firm-specific HR 

databases. The dataset contains essential attributes 

such as age, sex, education, department, salary, job 

level, years of experience, working hours, 

performance ratings, and job satisfaction levels. 

Also, historical records of employee dismissals and 

voluntary resignations are incorporated. These are 

used to understand workforce patterns and 

determine potential risks for attrition. Obtaining 

high-quality and varied data is necessary to 

guarantee precise and dependable model 

predictions. 

B. Data Preprocessing 

Data preprocessing is important in enhancing the 

precision and effectiveness of the prediction system. 

The process begins with managing missing values 

through methods like mean, median, or KNN 

imputation. The categorical variables, including job 

positions and departments, are one-hot encoded. The 

numerical attributes, such as salary and experience, 

are normalized or standardized to maintain 

uniformity. In case of class imbalance, methods such 

as SMOTE (Synthetic Minority Over-sampling 

Technique) or undersampling are employed to 

balance the classes. With the data being cleaned and 

purified, the system maintains improved model 

performance and minimizes errors in the training 

and prediction processes. 

C. Feature Engineering and Selection 

Feature selection and feature engineering are 

essential to enhancing model performance. Relevant 

features are selected through Recursive Feature 

Elimination (RFE), correlation analysis, and 

Principal Component Analysis (PCA). All these are 

methods used to eliminate redundant or unnecessary 

data, lowering complexity. Further, new features are 

engineered like the work-life balance index, rate of 

promotions, and the average weekly working hours. 

These characteristics improve prediction efficiency 

by capturing more insights regarding employee 

behaviour. Effective feature selection ensures that 

the machine learning algorithm pays attention to the 

most vital variables, enhancing its capacity to 

identify possible attrition risk. 

D. Model Selection and Training 

Several machine learning models are utilized to 

secure strong and reliable predictions. Logistic 

Regression is a baseline model, with more 

sophisticated models such as Random Forest, 

Gradient Boosting (XGBoost, LightGBM, 

CatBoost), and Support Vector Machines (SVM) 

offering superior performance. Deep learning 

models, including Artificial Neural Networks 

(ANN) and Long Short-Term Memory (LSTM) are 

also investigated for analyzing sequential workforce 

data. The dataset is divided into 80% train and 20% 

test sets, and hyperparameter tuning is done using 

GridSearchCV or RandomizedSearchCV to fine-
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tune the models. The most accurate and reliable 

model is chosen based on accuracy. 

Model performance has to be evaluated to ensure 

reliability in the prediction of employee attrition. 

The system employs different measures such as 

accuracy, precision, recall, and F1-score to evaluate 

the classification models. The ROC-AUC value 

assesses how well the model can differentiate 

between leaving and non-leaving employees. The 

confusion matrix is employed to examine 

misclassification rates and bias. Additionally, 

interpretability methods such as SHAP (Shapley 

Additive exPlanations) and LIME (Local 

Interpretable Model-Agnostic Explanations) are 

applied to identify the impact of various features on 

predictions, providing more transparency for 

decision-makers and HR professionals. 

6. Deployment and Integration 

After the model is trained and tested, it is released 

for actual usage. The system is developed as a web 

HR application with Flask or FastAPI, where HR 

professionals can feed in employee information and 

get predictions of attrition risk. The model is 

plugged into HR dashboards such as Power BI and 

Tableau to monitor workforce trends in real time. 

Automated warnings alert HR managers to high-risk 

employees, making it possible for proactive 

retention interventions. The deployment guarantees 

that the system is available, scalable, and simple to 

use, eventually enabling organizations to decrease 

workforce turnover and enhance employee retention 

policies. 

IV.ARCHITECTURE 

The Machine Learning-Based Employee Attrition 

and Layoff Prediction System aims to support 

organizations in anticipating employee turnover in 

terms of attrition (voluntary) and layoff 

(involuntary). The system uses a predefined 

structure that initiates with Model Training, using 

the historical employees' data for training the 

machine learning model. This data consists of major 

attributes of the employee including job profile, 

salary, experience, rating, work-life balance, and job 

satisfaction. Random Forest Classifier is chosen as 

the base algorithm because it can process 

complicated patterns, prevent overfitting, and 

enhance prediction quality. Through examining 

historical trends, the model acquires the ability to 

distinguish between employees who are most likely 

to remain, resign willingly, or get terminated. The 

second process in the system architecture entails 

Algorithm Selection, where the Random Forest 

Classifier is employed in order to deliver precise 

predictions. This algorithm is made up of several 

decision trees that examine various aspects of 

employee information. Through combining several 

decision results, the model becomes more reliable 

and less biased. Other machine learning algorithms, 

like Logistic Regression or Gradient Boosting, can 

also be employed for comparison and optimization. 

The learned model is then tested using test data to 

confirm that it performs satisfactorily before 

deployment for real application. After the model is 

trained and tuned, the system offers an interactive 

User Interface through which HR professionals can 

enter employee information and obtain predictions. 

It is comprised of two main sections: the Attrition 

Prediction Page, through which HR staff can analyze 

whether an employee will quit employment on the 

grounds of job satisfaction and career progression 

factors, and the Layoff Prediction Page, where HR 

groups can analyze if an employee might be laid off 

because of corporate restructuring, tight budgets, or 

decreasing performance. This easy-to-use design 

allows HR managers to make sound choices 

promptly.  Once the user inputs the necessary 

information, the system analyzes the data and 

produces an Output, which determines whether an 

employee is likely to be at risk of attrition or layoff. 

This output assists organizations in taking proactive 

measures to control workforce stability, for example, 

offering incentives, enhancing the work 

environment, or reorganizing teams. The system 

guarantees that employee retention and layoff 

decisions are made on objective, fact-based insights 

instead of subjective opinion. The last step of the 

architecture is Decision Support and Integration, 

where the prediction outputs are consolidated into 

HR dashboards for further visualization and 

analysis. With the help of these insights, HR 

managers can formulate retention strategies, 

enhance employee engagement, and cut down on 

unwanted turnover. The system, based on machine 

learning not only improves the effectiveness of HR 

functions but also enables organizations to have a 

stable and productive workforce, ensuring business 

sustainability in the long run. 
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Figure 1: Architecture Diagram 

V. RESULT AND OUTPUT 

The Machine Learning-Based Employee Attrition 

and Layoff Prediction System accurately predicts 

employee turnover and future layoffs based on 

historical data and machine learning algorithms. The 

model utilizes several employee characteristics, 

such as job satisfaction, work experience, salary 

trends, and performance measures, to determine the 

probability of attrition. Upon strenuous 

preprocessing of data, feature selection, and model 

training, a variety of classification models were 

experimented on, with the most performing ones 

being Random Forest and Gradient Boosting 

because of their capacity to recognize intricate 

patterns within workforce data.  High accuracy was 

registered by the system, with the top-performing 

model registering a mark of above 90%. 

Performance measures like precision, recall, F1-

score, and ROC-AUC also confirmed the 

effectiveness of the model, showing high predictive 

capability and low false positives. The analysis of 

the confusion matrix showed a balanced 

classification performance, minimizing the chances 

of misclassifying employees who are likely to leave 

or be fired. Also, feature importance analysis 

revealed significant factors driving employee 

retention, such as job satisfaction, workload, pay, 

and chances for career advancement. Graphical 

results like ROC curve, confusion matrix, and 

feature importance bar chart gave visualizations of 

the model's interpretability and effectiveness. The 

ROC curve showed a high area under the curve 

(AUC), which represents an excellent trade-off 

between false positive rates and true positive rates. 

The feature importance chart gave HR professionals 

visual cues on areas of actionable improvement to 

enhance employee engagement and retention 

processes. 

 

 
Figure 2:   User Interface 

Figure 2 shows comprised of three separate 

visualizations that examine employee attrition 

through multiple factors like work experience, job 

satisfaction, involvement, and environmental 

satisfaction. The first bar chart (top left) is a 

comparison of the employees who remained with the 

ones who departed according to total years of work, 

years with the company, and years since their last 

promotion. Staff members who remained tended to 

have much greater numbers of years of experience 

and longer company tenure than those who left. One 

clear pattern in "Years Since Last Promotion" 

indicates that workers who had fewer promotions 

were likely to leave, reflecting perhaps an 

unhappiness with career advancement opportunities. 

The second bar chart (upper right) looks at the 

interaction between job involvement, job 

satisfaction, and turnover. Staff members who 

stayed with the company are more likely to have 

higher job involvement and job satisfaction, and a 

longer length of service in their present job. 

Employees who left scored much lower on all three 

dimensions, suggesting that disengagement and 

dissatisfaction could be major causes of turnover. 

This indicates that being able to sustain high levels 

of job involvement and satisfaction can lead to staff 

retention. The third chart, a pie chart (bottom), 

illustrates employee turnover by environmental 

satisfaction. It indicates that 85.4% of employees 

stayed, whereas 14.6% of employees departed the 

organization. Although the majority of the 

employees seem satisfied with the workplace 

environment, the significant percentage did leave, 

pointing to other supporting factors other than 

environmental satisfaction playing a role in 

attrition.The visualizations generally pinpoint 

important trends among employee turnover. Those 

with fewer years of service, lower job satisfaction, 

and fewer promotions are more likely to quit. 

Greater job involvement and satisfaction have a 

strong relationship with lower attrition. Although 
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large percentage of employees are retained, 

organizations need to work on career development 

and job involvement issues to reduce attrition. This 

analysis is useful for HR teams to use in 

implementing strategies aimed at employee 

development, satisfaction, and retention

 
Figure 3 : HR Employee Analysis Dashboard 

 Figure3 shows HR Employee Attrition Analysis 

Dashboard offers a multi-perspective analysis of 

workforce attrition patterns across different 

characteristics. The top-left figure depicts attrition 

share by time dimension and demonstrates that 

employees with more than 10 years of service in the 

company, their current job, or the same manager 

have higher attrition rates. It implies that long tenure 

without career development can lead to turnover. 

The right-hand donut chart illustrates 126 attrition 

instances, reflecting a significant rate of employees 

quitting. The lowest left quadrant shows age 

distribution by gender, and it indicates that male 

employees undergo more attrition compared to 

females. The lower right corner breaks down 

attrition by job function, with the findings showing 

that managerial, human resource, and sales 

executive jobs have the greatest turnover. Such 

information can be useful to help HR practitioners 

plan effective retention efforts in terms of career 

growth initiatives, improvement of job satisfaction, 

and employee engagement initiatives to stem 

attrition rates effectively. 

 
Figure  4: Performance Metrics 

Figure 4 of the performance metrics table evaluates 

the effectiveness of the Machine Learning-Based 

Employee Attrition Prediction System. The model 

achieved an accuracy of 91.2%, indicating a high 

percentage of correctly classified employees in 

terms of attrition. The precision of 89.5% shows that 

most of the employees predicted as leaving actually 

left. The recall of 87.8% suggests that the model 

successfully identifies a significant portion of actual 

attrition cases. The F1-score of 88.6% balances 

precision and recall, ensuring reliable performance. 

Lastly, the ROC-AUC score of 92.4% confirms 

strong discrimination between attrition and retention 

cases. This robust performance enables HR teams to 

make proactive decisions to reduce employee 

turnover. 

VI.CONCLUSION 

This project demonstrated that machine learning can 

be an effective tool for predicting employee attrition 

and layoffs, providing valuable insights for HR 

decision-making. By utilizing data-driven 

approaches, organizations can proactively address 

workforce challenges, reduce turnover costs, and 

improve employee satisfaction. The system allows 

HR teams to take preventive measures, such as 

increasing engagement programs, adjusting 

compensation structures, and improving work-life 

balance for employees at higher risk of attrition. 

Moreover, the implementation of this system 

supports data-driven workforce planning, helping 

businesses make informed strategic decisions. By 

continuously training and updating the model with 

new employee data, organizations can enhance 

prediction accuracy over time and adapt to evolving 

workforce dynamics.However, the study also 

acknowledges certain limitations. Employee 

behavior is influenced by external and personal 

factors that may not always be reflected in structured 

data. Factors like workplace culture, personal life 

changes, or sudden company policy shifts may 

impact attrition unpredictably. Therefore, this model 

should be used as a complementary tool alongside 

qualitative insights from HR professionals. Future 

improvements could include integrating real-time 

data, incorporating deep learning techniques, and 

expanding the dataset to include industry-wide 

trends for better generalization. With continuous 

refinement, this system can serve as a crucial asset 

in workforce management, helping organizations 

optimize talent retention and minimize the adverse 

impacts of unexpected layoffs. 
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