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Abstract: In the rapidly evolving digital economy, organizations face significant challenges in workforce 
planning and talent management due to increasing complexities and the limitations of traditional, subjective 
methods. This project, “Enhancing Hr Decision-Making Through Ai: A Streamlit-Based System For 
Workforce Planning And Talent Management”, addresses these challenges by introducing a 
comprehensive, integrated system leveraging artificial intelligence, machine learning, and natural language 
processing. This Streamlit-based web application features three core modules: an AI-Driven Promotion 
Prediction System utilizing a TensorFlow-based neural network to forecast promotion readiness with greater 
accuracy and less bias; an Intelligent Role Recommendation System that employs sentence transformers and 
collaborative filtering for semantic resume-job matching; and an AI-Powered Cover Letter Generation 
module powered by Google's Gemini LLM to automate personalized application document creation. The 
system aims to improve decision-making quality by replacing subjective assessments with data-driven 
insights, enhance efficiency by automating manual processes, and make sophisticated analytical capabilities 
accessible to HR professionals and job seekers through an intuitive interface. Rigorous testing demonstrated 
robust performance, with the promotion prediction model achieving 91.2% accuracy and the resume-job 
matching system reaching 87.6% accuracy. The system provides a reliable and effective solution for modern 
workforce planning and talent management applications. 

Keywords: AI, Workforce Planning, Talent Management, Machine Learning, Deep Learning, Natural 
Language Processing, Streamlit, Promotion Prediction, Role Recommendation, Cover Letter Generation, 
Human Resources, Data-Driven Decision Making, Neural Network, Sentence Transformers, Collaborative 
Filtering, Google Gemini. 

 

I. INTRODUCTION: 
1.1 Background 
The digital economy has transformed the landscape of workforce planning and talent management, 
necessitating innovative approaches beyond traditional methods which often rely on subjective assessments 
and manual processes. The project “Enhancing Hr Decision-Making Through Ai: A Streamlit-Based 
System For Workforce Planning And Talent Management” emerged from the recognition that 
organizations possess vast amounts of employee and recruitment data but lack the sophisticated tools needed 
to extract actionable insights from this information. Traditional workforce planning methods relying heavily 
on subjective assessments, manual processes, and limited analytical capabilities are increasingly inadequate 
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in today's competitive talent landscape, where organizations must make data-driven decisions quickly and 
accurately. 
1.2 Problem Statement 
Current workforce management approaches face several critical problems inherent in conventional methods. 
Promotion decisions are often subjective and inconsistent, susceptible to unconscious bias and lacking 
standardized criteria, leading to limitations that affect organizational effectiveness and employee morale, 
retention, and career development. Manual resume-job matching is inefficient and time-consuming, with 
HR professionals spending an average of 23 hours per week on resume screening. Job seekers also face 
significant challenges in creating effective cover letters, a process that takes an average of 2-4 hours per 
customized letter and can reduce application quality. Furthermore, organizations frequently fail to extract 
actionable insights from collected workforce data despite its extensiveness, due to disconnected data silos 
and limited capabilities to process and analyze large volumes of data. These interconnected problems create 
substantial inefficiencies in workforce management. The project “Enhancing Hr Decision-Making 
Through Ai: A Streamlit-Based System For Workforce Planning And Talent Management” was 
proposed to address these limitations inherent in conventional workforce management approaches. 
1.3 Objective Of The System 
This project aims to achieve several key objectives: 

• Develop an accurate promotion prediction system that analyzes multiple employee factors to forecast 
promotion readiness with greater consistency and less bias than traditional methods. 

• Create an intelligent role recommendation engine that matches candidate resumes to job descriptions 
using semantic understanding and collaborative filtering techniques, providing quantitative 
assessment of compatibility. 

• Implement an AI-powered cover letter generation system that automatically produces tailored, 
professional application documents based on resume content and job requirements. 

• Design an intuitive web interface that makes sophisticated analytical capabilities accessible to HR 
professionals and job seekers without requiring technical expertise. 

• Demonstrate the practical application of modern AI and machine learning technologies to solve real-
world workforce planning challenges. 

• Improve decision-making quality by replacing subjective assessments with data-driven insights 
based on historical patterns and comprehensive analysis. 

• Enhance efficiency by automating time-consuming manual processes, allowing HR departments to 
process more information and make faster decisions. 

1.4 Scope Of The Project 
This project encompasses the development of a comprehensive web-based application with three primary 
modules: 

• Promotion Prediction Model: A TensorFlow-based neural network that analyzes employee data to 
predict promotion likelihood, considering factors such as department, performance metrics, training 
scores, and tenure. The model provides both probability scores and transparent factor analysis. 

• Role Recommendation System: A sophisticated candidate-job matching system using sentence 
transformers and collaborative filtering to analyze resume content against job descriptions. The 
system provides detailed compatibility metrics, skill gap analysis, and actionable recommendations 
for improvement. 

• Cover Letter Generation Module: An LLM-powered system that automatically creates customized 
cover letters by analyzing both resume content and job descriptions, producing professional-quality 
documents tailored to specific opportunities. 

The project includes the development of all necessary components: Data preprocessing pipelines, machine 
learning model architecture, training, and evaluation, natural language processing for semantic text 
understanding, user interface design and implementation using Streamlit, integration with external APIs 
(Google Gemini), performance optimization, and deployment configurations. 
1.5 Significance Of The Project 
This project is significant as it provides a comprehensive and accessible solution for modern workforce 
planning and talent management. By leveraging AI, it offers objective insights for critical HR decisions, 
automates inefficient processes, and empowers both organizations and job seekers in navigating the talent 
landscape. The use of a Streamlit interface makes these advanced capabilities user-friendly. 
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II. LITERATURE REVIEW / RELATED WORK 
Current workforce planning and talent management systems represent a spectrum of approaches, from 
entirely manual processes to basic digital systems, with significant limitations. Traditional promotion 
management systems typically involve annual performance review cycles, manager recommendation 
workflows, and manual tracking systems, which suffer from recency bias, the halo effect, documentation 
gaps, and political influence. Conventional resume screening and candidate selection systems include 
manual resume review and basic Applicant Tracking Systems (ATS), presenting limitations in scale, 
performing surface-level analysis, and leading to inconsistent evaluation and potential rejection of qualified 
candidates. Current cover letter creation approaches involve generic templates or time-consuming manual 
customization processes, suffering from content-job misalignment and time inefficiency. Existing workforce 
analytics platforms typically feature descriptive dashboards and segmented reporting tools, having a 
retrospective focus and lacking predictive capabilities. These existing systems, while functional at a basic 
level, increasingly struggle to meet the demands of modern organizations facing rapid market changes, 
talent shortages in critical areas, and the need for data-driven decision-making. The limitations inherent in 
these approaches create organizational inefficiencies, increase costs, extend hiring timelines, and potentially 
result in suboptimal talent decisions. The proposed project introduces a comprehensive, integrated solution 
to address these limitations. 
III. SYSTEM DESIGN 
3.1. Architecture Diagram 
This project follows a modular architecture that integrates multiple machine learning components with a 
web-based user interface. The architecture is designed to provide scalability, maintainability, and 
separation of concerns between different functional components. 

 
Figure 3.1: Architecture Diagram 
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3.2. Data Flow Diagram (DFD) 
The dataflow diagram illustrates how information moves through the AI Workforce Planning Tools system, 
from user inputs to final outputs. 

 
Figure 3.2: Data Flow Diagram 

 
3.3. Use Case Diagrams 
It shows the use cases for HR Professionals (Manage Employee Data, Predict Promotion, Manage Job 
Postings, Recommend Roles) and Candidates (Apply for Job, Generate Cover Letter, View Recommended 
Jobs) 
 

Figure 3.3: Use Case Diagram 
  

3.4. Sequence Diagram 
• The sequence diagram illustrates the interactions between system components for core workflows 

like the Role Recommendation process and the Promotion Prediction Process. 
• Referenced as: 
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Figure 3.4: Sequence Diagram 

 
3.5. Collaboration Diagram 

• The collaborative diagram illustrates the relationships and interactions between the key components 
of the system, focusing on how they work together to deliver the system's functionality. 

• Referenced as: 

 
Figure 3.5: Collaborative Diagram 

 
3.6. Database Design 

• The system primarily uses file-based storage rather than a traditional relational database. The system 
maintains several key data structures to support its functionality. 

• Referenced as: 
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Figure 3.6: Database Diagram 

 
IV. RESEARCH METHODOLOGY 
The development of this AI-driven system for workforce planning and talent management followed a 
structured approach, progressing through distinct phases of requirement specification, design and 
implementation, testing, and system implementation. The core programming language utilized was Python 
chosen for its rich data science ecosystem. The interactive web application interface was built using the 
Streamlit framework enabling rapid development of data-driven user interfaces. 
 
For the machine learning components, the promotion prediction neural network was implemented using 
TensorFlow leveraging its capabilities for building and training deep learning models. The role 
recommendation system's collaborative filtering model was developed using PyTorch known for its 
flexibility in tensor operations and neural network architectures. Data preprocessing for these models was 
handled using Scikit-learn which provided functionalities for tasks like feature scaling and label encoding. 
 
Natural Language Processing was crucial for handling unstructured text data like resumes and job 
descriptions. Sentence-Transformers were used to create semantic embeddings, capturing the meaning 
beyond simple keyword matching. Libraries such as PyPDF2, python-docx, and docx2txt facilitated the 
parsing of resumes from various file formats. The Google Generative AI (Gemini) was integrated via its 
API to power the cover letter generation functionality, enabling context-aware text generation. 
 
Data manipulation and analysis throughout the development process relied on the capabilities of Pandas for 
structured data and NumPy for efficient numerical operations. Visualization of data and results was 
performed using Matplotlib and WordCloud. Trained machine learning models and preprocessors were 
serialized using joblib for efficient storage and loading. The system was developed with compatibility in 
mind, supporting Linux, Windows, and macOS operating systems, and containerization with Docker was 
utilized for consistent deployment. The methodology emphasized a modular design to ensure 
maintainability and scalability of the system components. 
 
V. TESTING AND RESULTS 
5.1 Testing Methodology 
The testing methodology employed a comprehensive approach that combined traditional software testing 
techniques with specialized methods for evaluating AI components. Testing began with individual 
components and gradually expanded to integration and system-level testing. Both automated test scripts and 
manual verification for user interface components were utilized. Real-world data was used to validate 
performance, and cross-platform validation ensured consistent functionality. 
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5.2 Types of Testing Performed 
• Unit Testing: Focused on validating the functionality of individual functions and classes in isolation 

to ensure they performed as expected. Python's unittest framework was used, with test cases focusing 
on input validation, output correctness, and error handling. 

• Integration Testing: Verified that different components worked correctly together, focusing on the 
interfaces between modules and subsystems. Tests focused on component interactions and data flow. 

• Functional Testing: Evaluated the entire application to ensure all components worked together 
correctly in a production-like environment. End-to-end testing of complete user workflows was 
performed. 

• Model Validatin Testing: Specialized testing was performed to validate the machine learning models' 
accuracy, reliability, and performance. This included training/validation/test split evaluation, cross-
validation, confusion matrix analysis, and calculation of metrics like precision, recall, and F1-score. 
Human evaluation of model outputs was also performed. Key models tested included the TensorFlow 
promotion prediction model, Sentence Transformer embedding models, and the PyTorch collaborative 
filtering model, as well as the quality of the Gemini LLM output. 

• Compatibility Testing: The application was tested on browsers like Chrome, Firefox, Edge, and on 
mobile devices with different screen sizes. 

• Usability Testing: End-user feedback was collected to assess UI intuitiveness and ease of navigation. 
5.3 Sample Test Cases 

Table 5.1: Sample Test Cases 
Test Case Input Expected Output Result 

Verify prediction with 
valid inputs 

Valid employee details entered 
into the input fields. 

Prediction displayed with a 
probability score (e.g., 0.76 
probability). 

Passed 

Test input validation 
for numerical fields 

Invalid value (e.g., "abc") entered 
for a numerical field like Age. 

A warning message displayed (e.g., 
"Please enter a valid number for 
Age"), submission prevented. 

Passed 

Test PDF resume 
parsing 

Upload of a sample PDF resume 
file. 

Text is correctly extracted from the 
PDF with structure preserved (e.g., 
95% accuracy). 

Passed 

Test job 
recommendation 
generation 

recommendation generationA 
resume has been uploaded and 
processed. User clicks the 
"Recommend Roles" button. 

A list of relevant jobs with 
suitability scores (e.g., 5 jobs with 
scores) is displayed.Customer-
facing catalog loads successfully 

Passed 

5.4 Results Summary 
The system demonstrated robust performance across functional, performance, and usability testing. The 
overall pass rate of 94% across 170 test cases indicates a high level of quality and reliability. The single 
critical issue identified was promptly addressed. Performance metrics show that the system operates within 
acceptable response time parameters, with even the most complex operations completing in under 4 seconds 
on average. Resource utilization remained moderate. Machine learning model evaluations show strong 
accuracy and reliability, with the promotion prediction model achieving 91.2% accuracy and the resume-job 
matching system reaching 87.6% accuracy. Human evaluation of generated cover letters yielded an average 
quality rating of 4.2/5.0, indicating high-quality output. Usability testing revealed high satisfaction levels 
among both HR professionals and job seekers, with an overall satisfaction rating of 4.5/5.0. The testing 
process validates that the system meets its design objectives and provides a reliable, effective solution for 
workforce planning and talent management applications. 
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VI. SCREEN SHOTS:  
 

 
Figure 6.1: Home Page 

 

 
Figure 6.2: Home Page 2 

 
Figure 6.3: Promotion Prediction Page 

 
Figure 6.4: Promotion Prediction Results 

 
 
 

 
Figure 6.9: ATS Dashboard Page 

 

 
Figure 6.7: Cover Letter Page 

 

Figure 6.6: Job Description Page  
 

 
Figure 6.5: Role Recommendation Page 
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Figure 6.8: Skills Extracted Page 

 
VII. CONCLUSION  
“Enhancing Hr Decision-Making Through Ai: A Streamlit-Based System For Workforce Planning 
And Talent Management” successfully demonstrates the application of modern artificial intelligence and 
machine learning techniques to address critical challenges in human resource management and career 
development. By integrating predictive modeling, semantic text analysis, and generative AI, the system 
provides a powerful suite of tools for both organizations and individuals. Project achievements include the 
development of an integrated AI solution, data-driven decision support, and enhanced efficiency through 
automation. While limitations exist regarding model generalizability, data requirements, and bias mitigation, 
the project demonstrates strong potential. 
 
VIII. FUTURE ENHANCEMENTS 
Based on the current implementation and potential improvements identified during development, several 
avenues exist for future enhancement. These include model fine-tuning and retraining mechanisms with new 
data, enhanced UI/UX with more sophisticated dashboards and user profiles, expanded job matching 
algorithms incorporating skills taxonomies, improved resume parsing and skill extraction using more 
advanced NLP techniques (e.g., Named Entity Recognition), and implementation of bias detection and 
mitigation strategies. 
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