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Abstract - This abstract the current competitive and dynamic nature of business operations, high performing employees are crucial to a
company's success. Conventional human resource management systems tend to be based on subjective assessments and sporadic check-ups, thus
creating inefficiencies and lost chances for employee improvement. To respond to this difficulty, our project suggests the construction of an HR
Analytics System to monitor and compare employee performance via data-driven outputs.This framework incorporates contemporary analysis
methods and major performance indicators (KPIs) to track productivity, participation, attendance, and skill growth in real time. Besides, the system
provides predictive analytics capabilities to predict employee attrition, skill shortages, and future leadership talent, allowing for proactive talent
management. Through this HR Analytics System, organizations can foster a culture of openness, improve employee satisfaction, and make data-
driven decisions on promotions, training initiatives, and resource distribution. This project ultimately seeks to close the gap between human
resource management and data analytics, providing an actionable tool for enhancing organizational productivity and employee growth.

INTRODUCTION

The human resource (HR) department is essential for any organization's success and sustainability. As today's organizations
embrace becoming data-driven, the traditional method of evaluating employee performance based on annual performance reviews
and personal feedback will not be sufficient. Organizations today need high-quality, efficient, accurate, and transparent methods
for tracking, evaluating, and developing employee performance.

HR analytics which can also be called people analytics or workforce analytics uses employee related data, its analysis, and
interpretation to create insights related to employees. The study of employee related data allows organizations to gather
information about employee behaviors, review trends around productivityOur project HR Analytics System to Track Employee
Performance aims to solve these modern business problems by being a central platform for tracking and analyzing employee
performance. This system will combine information from multiple sources of data, like daily employee attendance, task
completion history, project participation and peer/manager feedback forms. The program will process all of the collected data and
provide real time performance metrics, data visualization dashboards and analytics reports to HR professionals and managers to
guide employee performance assessment and team performance evaluation.

HR analytics, you can make informed decisions that drive real business results, like boosting productivity and employee
engagement. Plus, it's a fair and unbiased way to evaluate performance, so everyonegets a shot at shining.

SCOPE OF THE PAPER

This project scope includes designing a comprehensive HR analytics framework to monitor and analyze employee
performance. This includes defining key performance indicators (KPIs) and metrics to measure employee performance and
building a data-driven framework for talent management

RELATED WORK

Human Resource (HR) [1] analytics has emerged as an essential tool for organizations that want to improve productivity and
decision-making. In the early stages of research on HR analytics, researchers focused on descriptive analytics to describe the
demographics of the workforce and report turnover rates. In later stages of research, the more popular use of HR analytics shifted
toward predictive analytics to predict employee attrition and to predict performance outcomes. As Bassi (2011) emphasized, to
provide evidence-based HR practices, more data analytics needs to be integrated into HR practices and support more effective,
evidence-based decision making, while countries and organizations worldwide are dealing with critical workforce issues that
involve data analytics. This integration enables organizations to identify workforce patterns, predict, and control talent
management strategies, and design effective engagement strategies for talent within the organization. The emergence of more
sophisticated HR analytics frameworks has opened the potential for performance management systems in today's performance-
drivenorganizations
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FUNCTIONAL REQUIREMENTS

Functional requirements describe the necessary functions, capabilities, and services that the system is supposed to provide.
They define what tasks the system must execute in order to fulfil its intended purpose. The HRA System will have a focus on
processing employee data on employee behaviour, performance, trends and actionable insights aspects.

» Data Collection and Import

»  Description: The system should allow importing employee-related data from multiple sources. For
example: csv files, excel, and/or databases.

«  Purpose: Allows the system to obtain cumulative employee performance records, attendance
reports, and work performance metrics for evaluation.

» DataPreprocessing and Cleaning

«  Description: The system should clean and preprocess the raw data by handling any instances of null
values, removing duplicate entries, and adjusting inconsistent and nonstandard data formats.

» Purpose:To ensure data quality and reliability prior to analysis and model training. Reliable data is
critical to producing accurate and reasonable findings.
» Employee Performance Analysis

« Description: The system will evaluate employee performance through the metrics such as task
completion, attendance, review scores, training attendance and project output.
»  Purpose: Gives HR managers the trend of employee productivity and what may be lackluster.
» Predictive Modeling and Forecasting

» Description: The system should have machine learning models (e.g., XGBoost and scikit-learn
algorithms) and time series forecasting models to predict future employee performance patterns and
likelihood of turnover.

» Purpose: Aids organizations in workforce planning, identifying potential challenges to performance
and forecasting trends in employee performance

Visualization and Reporting

Description: The system should provide graphical and tabular visualizations of performance KPlIs,
patterns/trends, and predictions using libraries such as matplotlib and seaborn.

« Purpose: Encourage HR managers to better understand & interpret data using charts, graphs, and
reports.

SYSTEM ANALYSIS

The analysis of the system involves looking at the existing methods that the organization employs for tracking employee
performance, assessing the weaknesses of these methods, and outlining how the proposed HR Analytics System will support
the organization in discovering more impactful insights and automating these processes using data.

System architecture is the underlying structure and kinematic form of a system, be it a software application, a complex
hardware system, or an entire enterprise. It specifies the structure, behavior, and other aspects of that system, including its parts,
the relationships among the parts, and the principles and guidelines for the design and evolution of a system over time. In
essence, system architecture is by type key decisions about a relatively high- level design that define how the system will
behave, satisfy its requirements (both functional requirements and other attributes such as performance, security, and
scalability), and change in the future. As we learn more about system architecture, it becomes clearer that architecture is the
description of the fundamental building blocks of the system and their relationships to each other. It is used to develop the
interfaces between components, the data being exchanged between components, and the working structure of the system so
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that the entire system operates as a single implementable entity.

SYSTEMARCHITECTURE
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follows the below steps which explains how data flows

Step 1: Employee Information - System (Accept Employee) The system takes in employee data from the Employee
Information source. This kicks off the tracking process by saving essential employee details like name, 1D, department, and
role

Step 2: Employee Done Work -System The system gathers work updates from employees through the Employee Done Work
entity. This is all about logging work entries, completed tasks, or milestones, which serve as the foundation for performance
analysis.

Step 3: System Performance, Analysis and Sales Verification. The system forwards the collected work data to the
Performance, Analysis and Sales Verification process. This helps in analyzing performance based on set KPIs, work volume,
quality, and possibly sales figures. Step 4: Management Admin - System (Verify Work of Employee) Management checks or
verifies the work completed by the employee using the data from the system. This is to ensure accuracy and assess
performance levels. It can also play a role in decisions about promotions, incentives, or warnings.

As in diagram provides a high-level overview of how the system interacts with its users and components to fulfill its
primary function of object detection using Doppler radar and ultrasonic sensors.

General Use Case

Admin Employee

Use Case Diagram
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The action performed by the system, triggered by the user or automatically, to detect the presence of objects using
the Doppler radar and ultrasonic sensor data. The components of the system responsible for detecting objects. They work
together to sense objects in their respective domains.

IMPLEMENTATION

Implementation is the realization of an application, execution of a plan, idea, model, design, specification,
standard, algorithm, policy, or the administration.

INTRODUCTION

The process of creating an HR analytics system to monitor employee performance based on a design similar to the example
diagram provided, begins the process of matching this design to a working solution which has three key steps. The first step is to
clearly define a tech stack that can support the analysis and visualization of data, and an associated development methodology,
which in most cases would be an Agile methodology given the unpredictability of HR requirements. In essence the key tasks
include setup of the development environment and configuration of the database schema to accommodate relevant Key Performance
Indicators (KPIs), employee objectives and goals, and at least a collection mechanism for feedback. Once the development
environments Min framework, had been set up, development would commence with modules. The first module would likely relate
to data collection of employee performance data (or some variation as it relates to "Work Done" and "Employee Add Work™), and
verification process to enable management review, then developing the analytics and dashboards for performance analysis, and
ultimately sales verification; ensuring appropriate integrity and security of sensitive employee data throughout the development
process.

LANGUAGE SELECTION

For HR analytics, Python and R are favorite programming languages because they are both highly capable of data
analysis and machine learning. Python is simple, flexible, and has a wide array of libraries such as Pandas and scikit-learn that
make it perfect for data manipulation, predictive modeling, and visualization. R is best in statistical analysis and data visualization
with libraries dplyr and ggplot2. Both can efficiently monitor employee performance, detect trends, and support data-driven
decisions. The selection of Python or R is frequently a matter of preference, the nature of the project, and the existing
environment, but both are suitable for HR analytics applications

PYTHON

We use python Because of its succinct syntax and a large ecosystem, is a strong option for a data-heavy HR analytics app.
Its simplicity helps us develop and more quickly, and readability for continued maintenance is of great assistance as organizational
objectives change, or data-driven approaches to performance metrics change. The "large infrastructure of libraries" is important
here as well; as Python 3.8 plus will allow us to use the newest versions of pandas and NumPy and likely have unknown
compatibilities with other libraries crucial to model training (e.g., scikit-learn for predicted performance outcome analytics) or
visualization (e.g., Matplotlib, Seaborn as data dashboarding relative to "Performance, Analysis, and sales verification").

Newer Python versions often have efficiencies in the interpreter and core functionality that help data be processed faster;
this is very beneficial when trying to process massive datasets of employee activities and associated performance records (e.g., 5000
employees submitting employee performance data over 26 weeks of data). Further, features like the continued optimizations of f-
strings, make logging or debugging data transformations less complicated.

IMPLEMENTATION MODULES

In addition to the basics of Python, pandas, and NumPy, a more complete HR Analytics system for monitoring and gauging
employee performance, particularly one with the goal of providing a "Performance, Analysis and sales verification" insight, would
have many more implementation modules.

» Python (3.8+): The language itself.

e pandas: For the structure, manipulation, cleanup and analysis of HR performance data (employee information, work logs,
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review scores, KPIs from "Employee Information™, "Employee Add Work", "Verify work of employee™).

e NumPy: directed towards numerical data for faster performance, for performing statistical calculations (mean, median,
standard deviation, correlation) and as the basis of other scientific packages. This will be important when we get to the
"Analysis" part.

Likely Additional Library Dependencies for a More Robust Implementation:

e Data Visualization Libraries (e.g., Matplotlib, Seaborn, Plotly):

Purpose: To visually summarize performance data, trends and analytics. This will be necessary to produce the "Analysis and sales
verification" outputs, so that HR people, managers and others can read and understand data which is increasingly complex.

Use Cases:

e Matplotlib: A foundational data visualisation library in python to produce static, animated, and interactive visualizations.
Helpful for creating your own custom charts.

e Seaborn: Built on numpy and matplotlib as a higher-level interface to help you draw attractive and informative statistical
graphics (e.g., heatmaps of performance metrics from evaluation scores, performance distribution plots of employee review
scores, bar charts comparing performance metrics across teams, etc.).

e Plotly (and Dash): To provide interactive web-based visualizations and dashboards. Dash applications fall under the umbrella of
Plotly and Flask based applications and will allow for a totally interactive HR analytics dashboard that can be filtered, drilled
down or viewed for exploration purposes.

PLATFORM SELECTION

HR Analytics Platforms for Performance Tracking

Choosing the correct HR analytics platform can be a game changer for organizations who wish to track employee performance
using data analytics. Here are some great solutions:

Best HR Analytics Platforms

Playroll: Best for consolidating global payroll data across diverse vendors with two- way customizable analytics on the
dashboard. This is best for business with workforce all around the world.

e  Visier: Good for enterprise HR analytics. Provides sophisticated predictive analytics with workforce planning.
e  Tableau: Best for data visualization aspect for HR reporting, with detailed tracking of HR metrics.

e  Lattice: Improve employee performance and engagement through continuous feedback and analytics.

e intelliHR: Extend the value of HR through Al-driven data and insights to help HR decision-makers, and performance
management and employee engagement analytics.

e  ChartHop: Visualize organizational structure and workforce data to drive strategic planning.

e  BambooHR: Best usage for small to medium businesses, Lots of features regarding HR analytics and people management in
it which could be useful for small - medium businesses.

e  Crunchr: Real-time people analytics for timely decisions in a shifting landscape.
e  Sisense: Brings together HR analytics with business intelligence platform for an organizational performance overview.

IJERTV151S070311 Page 5
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by : International Journal of Engineering Research & Technology (IJERT)
https://lwww.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 07, July - 2026

e  OrgVue: Focuses on workforce planning and design.

PERFORMANCE ANALYSIS

Performance analysis is an important process that gauges the performance of a person or a company to determine
strengths, weaknesses, opportunities, or areas for improvement. It includes collecting and analyzing data to determine levels of
success toward meeting goals and objectives.

7.1 Introduction

Performance analysis aids companies to identify performance gaps, develop interventions, and make informed decisions
to implement growth or improvement in performance. Businesses can use examples of data-driven performance analysis for the
next steps to improve overall performance, improve employee performance, or improve company goals. Data analysis and
performance analysis can help an organization to improve processes, reward and recognize performance, and motivate employees
toward performance excellence down the road. Although performance analysis is not a substitute for performance evaluations, it
helps organizations improve competitiveness, amend practices to stay relevant, and promote organizational change.

Performance analysis also identifies trends, patterns, and relationships to provide a more comprehensive understanding of
the individual or organization performance drivers. By using data-driven practices, companies can design targeted intervention
strategies, improve allocation of human resources, and improve performance as the organization as a whole. Performance analysis
is important to help organizations achieve strategic aims, enhance performance for increased efficiency, and facilitate faster
business growth. Performance analysis will help organizations develop data- driven performance approaches to influence
organizational decision making, reduce costs, and increase customer experience. Overall, when organizations realize the full
potential of performance analyses, they will develop a sustainable way for ongoing success.

Analyzing performance data enables organizations to recognize trends, patterns, and correlations, thereby allowing a
holistic understanding of performance drivers. Performance analysis can be applied in a number of domains, including business,
sport, and education. Ultimately, performance analysis aims to foster efficiency, productivity and performance that leads to long-
term success. By placing value on performance analysis, organizations can make data- driven decisions, achieve cost efficiencies
and increase customer satisfaction.

TESTING

Testing refers to the process of evaluating a system or component to determine whether it meets specified requirements
and functions correctly. In various fields such as software development, engineering, manufacturing, and quality assurance, testing
plays a crucial role in ensuring the reliability, performance, and quality of products or systems.

Testing Levels

Testing levels relate to the stages of testing during the software application/system development lifecycle. The main
levels of testing include unit testing, integration testing, system testing, and acceptance testing, each which are explained below in
further detail.

Unit Testing

Unit testing tests the smallest individual unit of work, or code to ensure it works. Integration testing tests the interactions
amongst multiple components or systems and verifies if any issues arise when they are integrated together. Integration testing can
uncover issues that were not present in unit testing. System testing, as the name describes, tests the system as a whole. System
testing can help determine if the system meets requirements and how the system works, or behaves, under a variety or scenarios.
These scenarios are mainly based on the software itself, and not the hardware, as you will see when we provide examples and the
other channels of the testing reference matrix in the next section..

Integration Testing

Integration testing is a very important step in the software testing process and tests how the different components, or
systems, work together. These interactions could use the interfaces between components and/or systems, and it is vital to ensure
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that the components are free of issues that could arise when they work in unison. The purpose of integration testing is to identify
faults in the interfaces and interaction between components. If there are faults, especially in a software system's interfaces, the
system could fail, misbehave unexpectedly, or start exhibiting other risks associated with the faults.

By performing integration testing, developers can identify weaknesses in how different parts of the system interact,
including being able to communicate, exchange data accurately, or submit results.

Integration testing can also take a variety of forms: top-down, bottom-up, and hybrid approaches being the most notable examples.
Top-down integration testing begins with components, modules or subsystems at the highest level of abstraction and proceeds to
the lowest. Bottom-up integration testing begins with the lowest-level components, modules or sub-systems and proceeds to the
highest. Hybrid approaches typically combine elements of the top-down and bottom-up.

Functional Testing

Functional testing is a software testing process primarily concerned with verifying a system's functionality to make sure
it meets the requirements. In functional testing, testers assess if the system's features and functionalities are performing as they
should. The aim of functional testing is to determine that the system demonstrated the expected behavior and performed as
intended. Functional testing can include testing user interfaces, API, and rear- end functionality, and identifying and evaluate user
interactions of the system. In functional testing processes, testers evaluate the correct output, appropriate error processing, and
ease of use. When testing is purely functional, developers can effectively identify, and correct defects during early stages to ensure
that the system is functional to meet any and all requirements and perform as such. Functional, testing as opposed to non-
functional testing allows organizations to deliver software that has a quality assurance component which when done properly
needs user needs and user expectations.

Performance Testing

Performance testing is an assessment of a software system's ability to meet expected load, stress, and usage patterns.
Performance testing is a measure of performance, scalability, and reliability of a software system under varying conditions. The
objective of performance testing is to uncover performance bottlenecks, prove that the system can handle variation in user traffic
or data, and optimize performance. Performance testing requires creating a scenario that simulates actual usage, to test with
multiple users, high data loads, or high latency in the case of a networked system. The key performance metrics are response time,
throughput, and resource usage. Performance testing allows developers to expose and remediate performance issues today, not
later in terms of the end-user experience. Performance testing safeguards an organization and assures high-quality software
capable of sustaining real use, thus attenuating the risk of performance failures and improving software overall reliability. You can
leverage performance testing to improve your organization's performance capacity and provide a good user experience with
software.

Environmental Testing

Environmental testing tests a system's performance and reliability in various environmental conditions, including
temperature, humidity, vibration and electromagnetic interference. Environmental testing ensures that the system can properly
operate effectively in many different environments, as well as find any extreme conditions it can withstand. This type of testing is
important for systems where exposure to environmental conditions can be too harsh or unpredictable, such as outdoor equipment,
vehicles or mobile devices. Environmental testing can simulate real-world environmental conditions to determine potential
problems and allow developers to make appropriate design or material changes to maximize the system's performance and
durability.

Moreover, environmental testing can help organizations to confirm their products meet regulatory and operational
standards, while developing the reliability and durability of their products ultimately improving the overall quality. Environmental
testing is significant for industries such as aerospace, automotive, and industrial manufacturing, where systems may often be
exposed to extreme temperatures, vibrations or other possible environmental stressors.

Validation Testing

Validation testing is an important step in software testing that assesses that a software system meets the specified
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requirements and is suitable to be used. It involves assessing the system to determine its requirement fulfilment and fitness for
purpose. One of the primary goals of validation testing is to create confidence about the expected behavior of the system and its
suitability for users. Validation testing typically includes observation of the system's functionality, performance, usability, security
etc. Validation testing is performed by end users, stakeholders or independent testers to ascertain requirement fulfilment and defects.
The benefit of validation testing is to have confidence that the software system is usable, reliable and meets user needs which
decreases the possibility of failings. Validation testing enhances confidence in the system's maturity amount of usage as well as

quality.
User Acceptance Testing (UAT)

User Acceptance Testing (UAT) refers to the time when the user is testing the software to determine if it meets their needs
and expectations. Specifically, it's a process that allows an individual or group of individuals (the user) to evaluate the system in
functionality, usability and performance in real-life scenarios.

CONCLUSION AND FUTURE ENHANCEMENT
Conclusion

HR analytics is instrumental in maximizing employee performance by using data- based insights to make data- driven
choices. Through the systematic gathering and examination of labour force information, companies can detect performance
patterns, single out high-potential employees manage underperformance, and reconcile talent plans with business objectives. The
use of HR analytics not only enhances transparency and objectivity in performance assessment but also facilitates continuous
improvement through tailored development plans and forward-looking workforce planning. Finally, data analytics enables HR
professionals to better enable an enhanced, productive, engaged, and efficient workforce. engaged, and efficient workforce.
engaged, and efficient workforce. Through tailored development plans and forward-looking workforce planning. Finally, data
analytics enables HR assessment but also facilitates continuous improvement through tailored development plans and forward-
looking workforce planning. Finally, data analytics enables HR employees, manage underperformance, and reconcile talent plans
with business objectives.

Future Enhancement

Future improvements with HR analytics to track performance and other metrics through data analytics may include
predictive analytics, real-time feedback and customizable dashboards. HR departments are able to use machine learning models to
predict employee turnover, performance and potential. As an example, real-time feedback and coaching mechanism ensure that
you are taking advantage of a pinpointed development opportunity. Customizable dashboards provide unique metrics to each user,
such as managers, employees, and business units. Al and/or data rated performance profiles, skill gap analysis and employee
sentiment — will also create potential development and engagement opportunities. In addition the newer developments will help to
ensure a more strategic HR decision-making, requirements of the business or focus on business outcomes ultimately aligned to
develop a target to a more engaged and productive workforce. Integrating the newer enhancements to the overall HR Analytics
systems
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