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ABSTRACT: This project presents a data-driven web platform designed to analyze and optimize product placement 

strategies in retail environments. By integrating Machine Learning techniques with interactive Tableau dashboards, the 

system evaluates the impact of product positioning, pricing strategy, promotional activities, competitor pricing, 

consumer demographics, seasonal factors, and foot traffic on overall sales performance.The backend system, built 

using Flask and Scikit-learn, implements a Linear Regression model to predict Sales Volume based on strategic retail 

variables. Additionally, clustering techniques are applied to identify product performance segments. The system 

provides model evaluation metrics such as R² score, Mean Squared Error (MSE), and Mean Absolute Error (MAE) to 

validate prediction accuracy. 

 

Tableau Public is used to create interactive dashboards and storytelling reports, transforming raw analytical outputs into 

actionable business insights. The project demonstrates how predictive analytics and business intelligence tools can 

support data-driven decision-making in modern retail strategy. 
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Regression, Retail Analytics, Business Intelligence, Clustering, Feature Importance, Sales Optimization. 

 

I. INTRODUCTION 

 

Retail businesses operate in highly competitive environments where maximizing sales performance is essential for 

sustainability and growth. One of the most influential factors affecting retail success is strategic product placement. 

The position of a product within a store, its pricing strategy, promotional activities, and seasonal alignment 

significantly influence customer purchasing behavior. Traditionally, such decisions were based on managerial 

experience, intuition, and limited historical analysis. However, these conventional approaches often fail to capture 

complex interactions among multiple influencing factors.With the rapid advancement of Machine Learning (ML) and 

Business Intelligence (BI) technologies, organizations can now move beyond intuition-driven decisions and adopt 

data-driven strategies. Machine Learning enables the identification of hidden patterns, correlations, and predictive 

relationships within large retail datasets. At the same time, Business Intelligence tools like Tableau transform analytical 

results into meaningful visual insights for decision-makers. 

 

This project focuses on developing a predictive analytics framework to evaluate the impact of key retail variables on 

sales performance. The system quantitatively analyzes the influence of: 

• Product Position (e.g., front, middle, or back placement) 

• Promotion Strategy (discounts and marketing campaigns) 

• Foot Traffic (customer volume levels) 

• Product Price 

• Competitor Pricing 

• Consumer Demographics 
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• Product Category 

• Seasonal Trends 

 

By applying a Linear Regression model, the system predicts Sales Volume based on these strategic factors. 

Additionally, clustering techniques are used to segment products into performance groups, helping businesses identify 

high-performing and underperforming segments. 

 

To enhance interpretability and business usability, the analytical outputs are integrated with Tableau Public 

dashboards, enabling interactive visualization and storytelling. This integration bridges the gap between technical 

machine learning models and practical retail decision-making, allowing stakeholders to understand trends, forecast 

outcomes, and optimize product placement strategies effectively. 

 

Overall, the project demonstrates how the combination of predictive modeling and data visualization can empower 

retailers to make informed, strategic, and profit-maximizing decisions in a dynamic market environment. 

 

II. LITERATURE SURVEY 

 

Recent research in retail analytics highlights the importance of Business Intelligence and visualization tools in 

improving sales performance. Studies such as Sales Strategy & KPI Analysis in Vending Machines and Retail Sales 

Dashboard Optimization show that Tableau dashboards help businesses monitor KPIs, analyze sales trends, and 

support strategic decision-making. These dashboards convert raw retail data into meaningful business insights. 

 

Researchers have also explored predictive modeling for retail sales forecasting. Techniques such as regression models, 

optimization methods, and machine learning algorithms are used to predict demand and evaluate pricing impact. Data 

mining approaches like clustering help identify sales drivers and categorize products based on performance. 

 

Previous studies often focus on prediction, clustering, or visualization separately. This project integrates machine 

learning and Tableau visualization into a single decision-support system for strategic retail analysis. 

  

FLASK:  

Flask is used as the backend framework to develop the Strategic Product Placement Analysis web application. It 

connects the machine learning model with the user interface, processes requests, and displays predictions dynamically. 

Routes such as /dashboard, /story, /model-performance, /sales-forecast, and /virtual-placement manage functions like 

forecasting, clustering, and product ranking. Flask also uses Jinja2 templates to render dynamic HTML pages.  

 

TABLEAU PUBLIC:  

Tableau Public is used to create interactive dashboards and stories that visualize business insights. While Flask handles 

backend processing, Tableau presents results through embedded dashboards showing sales trends, product placement 

impact, pricing analysis, and seasonal insights. 

 

JINJA2 TEMPLATE ENGINE: 

Jinja2 generates dynamic HTML pages that display predictions, plots, product rankings, and embedded Tableau 

dashboards. The structure {% extends "base.html" %} and {% block content %} ensures consistent design across 

pages like Home, Dashboard, Story, ML, and About. 

 

JAVA SCRIPT: 

JavaScript enhances front-end interactivity and responsive design. It supports animations and improves user experience 

while Flask manages backend processing. 

 

SCIKIT-LEARN: 

Scikit-Learn is used to train a Linear Regression model that predicts sales volume based on factors like product 

position, price, promotion, competitor price, demographics, and seasonality. K-Means clustering groups products into 

high, medium, and low performance categories. 
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Fig 1:ML Prediction System Workflow 

 

III. PROPOSED METHODOLOGY 

 

The proposed system integrates data analytics, machine learning, clustering techniques, and business visualization to 

analyze and optimize product placement strategies. The overall methodology consists of the following components 

 

Data Collection: 

The dataset contains 1000 retail transaction records representing different product placement scenarios. Each record 

includes the following attributes: 

• Product Position 

• Promotion 

• Foot Traffic 

• Price 

• Competitor’s Price 

• Consumer Demographics 

• Product Category 

• Seasonal Indicator 

• Sales Volume (Target Variable) 

These variables were selected because they directly influence consumer purchasing behavior and retail performance. 

The dataset captures both internal business factors (pricing, promotion, placement) and external market factors 

(competition, seasonality, demographics). 

 

Data Preprocessing: 

Before training the machine learning model, the data undergoes preprocessing to ensure accuracy and consistency. 

• Categorical features such as Product Position, Promotion, Product Category, and Seasonal Indicator are 

transformed using One-Hot Encoding to convert them into numerical format. 

• Missing values (if any) are handled appropriately. 

• The dataset is divided into 80% training data and 20% testing data to evaluate model performance. 

• Feature selection ensures that only relevant independent variables are used for prediction. 

This preprocessing step improves model reliability and reduces bias. 
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Machine Learning Model: 

A Linear Regression model is implemented using Scikit-Learn to predict the Sales Volume based on multiple 

influencing factors. 

The model establishes a mathematical relationship between independent variables (price, promotion, placement, etc.) 

and the dependent variable (sales volume). It helps quantify how much each factor contributes to overall sales 

performance. 

 

Model Evaluation Metrics: 

To measure model accuracy, the following evaluation metrics are used: 

• R² Score – Measures how well the model explains variance in sales. 

• Mean Squared Error (MSE) – Measures the average squared difference between actual and predicted values. 

• Mean Absolute Error (MAE) – Measures the average prediction error magnitude. 

These metrics ensure the model produces reliable and interpretable predictions. 

 

Clustering Analysis: 

To further analyze product performance patterns, K-Means Clustering (k = 3) is applied on: 

• Price 

• Competitor’s Price 

• Sales Volume 

This unsupervised learning approach segments products into three clusters: 

• High-performing products 

• Moderate-performing products 

• Low-performing products 

Clustering helps retailers identify which pricing and placement combinations generate better results and supports 

strategic decision-making. 

 

Tableau Integration: 

To improve business interpretation, Tableau Public dashboards and stories are integrated into the Flask application. 

These dashboards visualize important insights such as sales distribution by product position, promotion impact, 

seasonal sales comparison, category performance, demographic trends, and sales forecasts. 

The Tableau Story feature presents these insights in a structured narrative format, helping managers understand trends 

and make better strategic decisions. By combining predictive modeling with interactive visualization, the system 

converts raw retail data into actionable business intelligence. 

 

Figure 2 shows the overall workflow of the proposed system. The process begins with data collection, where retail 

variables such as product position, promotion, pricing, competitor pricing, demographics, category, seasonality, and 

sales volume are gathered. The data is then preprocessed using techniques like one-hot encoding and train-test splitting. 

 

Next, a Linear Regression model is trained to predict sales and evaluated using R², MSE, and MAE metrics. K-Means 

clustering is applied to group products into high, moderate, and low performance categories. Finally, the results are 

integrated with Tableau dashboards and stories to provide interactive visualizations and useful business insights. 
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Fig 2: Proposed Methodology for Strategic Product Placement Analysis 

 

IV. EXPERIMENTAL RESULTS 

 

The proposed Strategic Product Placement Analysis system was evaluated using a retail dataset of 1000 records 

containing features such as product position, promotion, pricing, competitor price, demographics, category, seasonality, 

and foot traffic. The objective was to analyze and predict Sales Volume using data-driven techniques. 

 

A Linear Regression model was implemented for sales prediction and evaluated using R² Score, Mean Squared Error 

(MSE), and Mean Absolute Error (MAE). Additionally, K-Means Clustering (k = 3) was applied to segment products 

into high-, moderate-, and low-performing groups. 

 

The analytical results were integrated with interactive Tableau dashboards to provide clear business insights and 

support strategic retail decision-making. 

 

1. Model Performance Metrics: 

This table presents the performance of the Linear Regression model using R², MSE, and MAE. These metrics evaluate 

how accurately the model predicts Sales Volume and measure prediction error. 
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The accuracy of each classifier is summarized below: 

 

Metric Value 

R² Score 73.2 

Mean Absolute Error (MAE) 83.56 

Mean Squared Error (MSE) 87.10 

 

Table 1: Regression Model Evaluation Metrics 

 

2. Forecast Analysis: 

This table shows the relationship between product pricing and predicted sales trends. It highlights how changes in price 

influence overall sales performance. 

 

Price Range Predicted Sales Trend 

Low Price Higher Predicted Sales 

Medium Price Moderate Sales 

High Price Lower Predicted Sales 

 

Table 2: Sales Forecast Trend (Price vs Predicted Sales) 

 

3. Product Clustering Results: 

This table summarizes the product segmentation into high-, moderate-, and low-performing clusters. It helps identify 

which pricing and sales patterns contribute to better performance. 

 

Cluster Type Characteristics 

High-Performing Cluster High Sales Volume, Competitive Pricing 

Moderate-Performing Stable Price and Moderate Sales 

Low-Performing Cluster Lower Sales Volume, Higher Price Sensitivity 

 

Table 3: K-Means Clustering (k = 3) 

 

4. Feature Importance Analysis: 

This table identifies the key variables that significantly impact sales outcomes. It explains how factors like seasonality, 

product category, and foot traffic influence predictions. 

 

Feature Impact on Sales 

Seasonal Indicator High Impact 

Product Category (Food) Significant Impact 
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Feature Impact on Sales 

Consumer Demographics (Young Adults) Positive Influence 

Foot Traffic (High) Strong Influence 

Price Negative Correlation 

 

Table 4: Key Influencing Features 

 

5. Tableau Dashboard Insights: 

This table presents major business insights derived from Tableau visualizations. It summarizes trends in product 

positioning, promotions, categories, and demographic performance. 

 

Analysis Area Key Insight 

Product Category Clothing has highest average sales volume 

Product Position Front of Store generates highest sales 

Promotion Impact Promotional products show increased sales 

Seasonality Seasonal products influence revenue trends 

Demographics Young Adults segment shows strong contribution 

 

Table 5 : Business Insights from Tableau 

 

User Interface Evaluation: The user interface was evaluated for usability and clarity. The Flask application provides 

structured navigation and integrates Tableau dashboards with machine learning results. 

Interactive visualizations and model outputs such as regression metrics and clustering results are presented clearly to 

support business decision-making. 

 

 
 

Figure 1: Home Page 
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Fig 2: Tableau Dashboard Page 

 

 
 

Fig 3: Tableau Story Page 

 

 
 

Fig 4: Ml Plots Page 
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Fig 5: Model Performance Page 

 

 
 

Fig 6: Clustering Output Page 

 

 
 

Fig 7: Sales Forecast Page 

 

http://www.ijirset.com/


|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

Volume 15, Issue 3, March 2026 

|DOI: 10.15680/IJIRSET.2026.1503057| 

IJIRSET©2026                                         |     An ISO 9001:2008 Certified Journal   |                                       2444 

V. DISCUSSION 

 

The results show that the Linear Regression model provides useful insights into how pricing, promotion, and placement 

influence sales volume. K-Means clustering effectively segments products into performance groups for better strategic 

decisions. The integration with Tableau enhances clarity and supports data-driven retail optimization.  

 

VI. CONCLUSION 

 

This project developed a data-driven web platform for Strategic Product Placement Analysis by integrating machine 

learning and business intelligence tools. A Linear Regression model was used to predict sales volume, while K-Means 

clustering segmented products into performance-based groups for strategic insights. The integration of Tableau 

dashboards enhanced visualization and interpretability of sales trends, pricing impact, and seasonal performance. 

Overall, the system demonstrates how predictive analytics and interactive visualization can support effective, data-

driven retail decision-making. 
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