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ABSTRACT: This research presents a web-based, data-centric 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 key retail factors such as product positioning, pricing strategies, 

promotional activities, competitor pricing, customer demographics, seasonal variations, and store foot traffic on overall 

sales performance.The backend architecture, developed using Flask and Scikit-learn, implements and compares 

multiple regression models, including Linear Regression, Random Forest, and Decision Tree, to accurately predict sales 

volume based on these influencing variables. In addition, clustering techniques are applied to categorize products into 

different performance segments, enabling better strategic insights.The predictive performance of the models is 

evaluated using standard metrics such as R² Score, Mean Squared Error (MSE), and Mean Absolute Error (MAE), 

ensuring reliability and accuracy in forecasting. Furthermore, Tableau Public is utilized to create interactive dashboards 

and storytelling reports that transform analytical outputs into meaningful and actionable business insights.  
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I.INTRODUCTION 

 

Retail organizations operate in a competitive market where understanding customer behavior and sales trends is 

essential for business growth. Companies must analyze large volumes of sales data to identify profitable products and 

optimize marketing strategies.Traditional retail analysis methods depend heavily on manual reporting and basic 

statistical analysis. These approaches often fail to capture complex relationships between variables such as price, 

product category, seasonal demand, and promotional activities.With the advancement of Machine Learning and 

Business Intelligence technologies, organizations can now analyze data more efficiently and obtain accurate 

predictions. Machine learning models can identify hidden patterns in histo  rical sales data and forecast future demand. 

This project focuses on developing a Retail Sales Prediction System that analyze and evaluate the impact of key retail 

variables on sales performance. The system quantitatively analyzes multiple retail variables including:                     

• 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 

• Product Category 

• Seasonal Trends 
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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 ensure these insights are accessible and actionable, the analytical outputs are seamlessly integrated with Tableau 

Public dashboards, offering interactive data exploration and visual storytelling. This fusion effectively closes the gap 

between complex machine learning outputs and practical retail strategy, empowering decision-makers to grasp market 

trends, anticipate outcomes, and fine-tune product placement for maximum effectiveness. 

  

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 

 

Existing academic and industry research emphasizes the significant role of Business Intelligence and data visualization 

tools in enhancing retail analytics. Platforms such as Tableau have proven effective in transforming raw retail data into 

actionable insights, enabling efficient monitoring of key performance indicators and supporting strategic 

decisionmaking.  Furthermore, prior studies demonstrate the effectiveness of machine learning techniques including 

Linear Regression, Decision Trees, and Random Forest in forecasting retail sales. While linear models provide 

interpretability, tree-based and ensemble methods better capture complex, non-linear relationships and feature 

interactions. Clustering techniques have also been widely applied to segment products and identify key sales drivers. 

However, most existing approaches treat prediction, clustering, and visualization as independent processes. This work 

addresses that limitation by proposing an integrated framework that combines multiple machine learning models with 

interactive visualization, thereby delivering a comprehensive decision-support system for retail sales analysis.   

 

FLASK: 

The Flask framework is utilized as the backend for developing the Strategic Product Placement Analysis web 

application. It establishes a connection between the machine learning models and the user interface, efficiently 

processing user requests and dynamically displaying prediction results. The application defines multiple routes, 

including /dashboard, /story, /model-performance, /sales-forecast, and /virtual-placement, to manage core 

functionalities such as sales forecasting, clustering, and product performance ranking.    

 

TABLEAU PUBLIC:  

Tableau Public is used to create interactive dashboards and stories for visualizing business insights. 

While Flask handles backend processing,model execution,manages computational tasks,Tableau enhances decision-

making by presenting analytical results through embedded visualizations that clearly display sales trends, the effects of 

product positioning, pricing analysis, and seasonal patterns 

 

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 is used to enhance the front-end with improved interactivity and responsiveness.It enables dynamic content 

updates, smooth animations, and real-time user interactions.JavaScript improves the overall user experience by making 

the interface more engaging and responsive. 
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SCIKIT-LEARN: 

Scikit-Learn is the core library for building the machine learning components. Three distinct models are trained and 

evaluated:  

• A Linear Regression model for establishing baseline predictive performance with high interpretability.  

• A Decision Tree regressor to capture non-linear patterns and decision rules within the data.  

• A Random Forest regressor, an ensemble method that combines multiple decision trees to improve predictive 

accuracy and control overfitting.  

 

All models are trained to forecast sales volume by considering factors such as product location, pricing, promotional 

status, competitor pricing, demographic data, and seasonality. In parallel, the K-Means clustering algorithm is applied 

to segment products into distinct performance categories, such as high, medium, and low performers.  

 

 
 

Fig 1:ML Prediction System Workflow 

 

III. PROPOSED METHODOLOGY 

 

The proposed system integrates data analytics, data preprocessing,machine learning, clustering techniques, and 

business visualization to analyze and optimize product placement strategies to analyse retail sales patterns.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 chosen because they strongly affect how customers buy products and how retail sales perform. 

The dataset captures both internal business factors like pricing, promotion, and placement, as well as external market 

factors such as competition, seasonality, and customer demographics. Together, they provide a complete view of the 

retail environment, helping improve sales prediction and decision-making. 
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Data Preprocessing: To ensure the machine learning model’s reliability,the raw data undergoes a preprocessing phase. 

• Raw data is preprocessed to improve the reliability of machine learning models. 

• Categorical features (product position, promotion, category, seasonal indicator) are converted using one-hot 

encoding. 

• Missing or incomplete data is handled through imputation or removal techniques. 

• The dataset is split into 80% training data and 20% testing data. 

• Feature selection is applied to keep only important variables. 

• Preprocessing helps improve model accuracy and reduces bias. 

 

 

Machine Learning Model: 

Three distinct regression models are developed using the Scikit-learn library to predict sales performance: 

 

1.LinearRegression: 

Linear Regression is used to establish a linear relationship between independent variables such as price, promotion, and 

product placement, and the dependent variable, sales volume. It serves as a baseline model for performance comparison 

and offers high interpretability, allowing clear analysis of individual feature contributions. 

 

2.DecisionTreeRegressor: 

The Decision Tree Regressor segments the feature space into smaller regions based on learned decision rules. It 

effectively captures non-linear relationships and complex interactions among variables, without requiring any prior 

assumptions about the data distribution.  

   

3.RandomForestRegressor: 

The Random Forest Regressor is an ensemble learning technique that constructs multiple decision trees using 

bootstrapped samples. It aggregates predictions from all trees to improve overall accuracy, while reducing variance and 

mitigating overfitting, resulting in more robust and reliable predictions. 

 

Model Evaluation Metrics: 

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

 

1.R2  Score(Coefficient of Determination):Measures how well the model explains the variance in the target variable 

(sales).Ahigher R² value indicates better model performance and stronger predictive capability 

 

2. Mean Squared Error (MSE) : 

Calculates the average of squared differences between actual and predicted values. It gives more importance to larger 

errors, making it useful for identifying significant deviations.                                                                                             

 

3. Mean Absolute Error (MAE) : 

Measures the average magnitude of prediction errors without considering their direction. It provides a simple and easily 

interpretable measure of model accuracy. 

 

Clustering Analysis: 

For a deeper analysis of performance patterns across different products, the K-Means Clustering algorithm is applied 

with the number of clusters set to k = 3.The clustering is based on three key numerical features: 

• Price 

• Competitor’s Price 

• Sales Volume 

This unsupervised learning technique naturally segments the products into: 

• High-performing products 

• Moderate-performing products 

• Low-performing products 

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.2026.1503268| 

 IJIRSET©2026                                      |     An ISO 9001:2008 Certified Journal   |                                          3935 

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

strategic decision-making. 

 

Tableau Integration: 

To enhance business interpretation, Tableau Public dashboards and stories are integrated into the Flask-based 

application. These dashboards effectively visualize key insights such as sales distribution based on product placement, 

the impact of promotional strategies, seasonal sales variations, category-wise performance, customer demographic 

trends, and future sales forecasts.The Tableau Story feature presents these insights in a structured and interactive 

narrative format, enabling decision-makers to easily understand patterns and trends. This integration bridges the gap 

between complex analytical outputs and practical business understanding. By combining predictive modeling with 

interactive visualization, the system transforms raw retail data into actionable business intelligence. 

 

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

important retail variables such as product position, promotion, pricing, competitor pricing, customer demographics, 

product category, seasonal factors, and sales volume are gathered.The collected data is then preprocessed using 

techniques such as one-hot encoding, handling missing values, and splitting the dataset into training and testing sets. 

Following preprocessing, a Linear Regression model is trained to predict sales volume. The model performance is 

evaluated using standard metrics such as R² Score, Mean Squared Error (MSE), and Mean Absolute Error (MAE).To 

further enhance analysis, K-Means clustering is applied to group products into high-performing, moderate-performing, 

and low-performing categories. Finally, the results are integrated into Tableau dashboards and stories to provide 

interactive visualizations and meaningful business insightsThis complete process helps businesses make better 

decisions and improve their sales strategies. 

 

 
 

Fig 2: Proposed Methodology for Strategic Product Placement Analysi 
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IV. EXPERIMENTAL RESULTS 

 

The proposed system was evaluated using a retail dataset of 1000 records containing features such as product position, 

pricing, promotions, competitor price, customer demographics, category, seasonality, and foot traffic. The main 

objective was to analyze patterns and predict sales volume. Multiple machine learning models, including Linear 

Regression, Decision Tree, and Random Forest, were applied for prediction. Among these, the Random Forest model 

provided better accuracy due to its ability to handle complex data patterns, while the Decision Tree model helped in 

understanding decision rules clearly. The models showed good performance with a high R² score and low error values 

such as Mean Squared Error (MSE) and Mean Absolute Error (MAE). In addition, K-Means clustering (k = 3) was 

used to group products into high-, medium-, and low-performing categories. The results indicated that product 

placement and promotional activities have a strong impact on sales. Products placed in high-visibility areas and offered 

with discounts achieved higher sales. Seasonal trends and customer behavior also influenced the results. Tableau 

dashboards were used to visualize insights effectively and support better business 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. 

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. 
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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 

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 systematically evaluated for usability and clarity, ensuring an intuitive and seamless user 

experience. The Flask-based application offers well-structured navigation, enabling users to easily access different 
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modules while effectively integrating Tableau dashboards with machine learning outputs. Interactive visualizations, 

along with model results such as regression performance metrics and clustering insights, are presented in a clear and 

organized manner, facilitating better interpretation and supporting informed business decision-making. This structured 

presentation enhances interpretability and allows users to quickly derive meaningful conclusions, thereby supporting 

efficient and informed business decision-making. 

 

 
 

Fig 1:Home Page 

 

 
 

Fig 2: Tableau Dashboard Page 
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Fig 3: Tableau Story Page 

 

 
 

Fig 4: Clustering Output Page 

 

 
 

Fig 5:Model Performance Page 
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V. DISCUSSION 

 

The experimental results demonstrate that Linear Regression, Decision Tree, and Random Forest models effectively 

analyze the impact of pricing, promotions, and product placement on sales performance.Among these, the Random 

Forest model achieves superior accuracy by capturing complex and non-linear relationships, while the Decision Tree 

model enhances interpretability through clear decision paths.Linear Regression provides a reliable baseline for 

understanding the influence of key variables on sales.K-Means clustering successfully segments products into high-, 

medium-, and low-performing categories, supporting improved strategic planning.The integration of Tableau 

dashboards enhances visualization, making insights more accessible and enabling effective data-driven retail decision-

making. 

VI.CONCLUSION 

 

This research successfully developed a data-driven web platform for Strategic Product Placement Analysis by 

integrating multiple machine learning models with business intelligence tools. Linear Regression, Decision Tree, and 

Random Forest algorithms were implemented and compared for sales prediction, with Random Forest achieving the 

best performance due to its ability to capture complex patterns. K-Means clustering further enhanced the analysis by 

grouping products into meaningful performance categories, supporting better strategic planning. The use of interactive 

Tableau dashboards improved the visualization and understanding of key insights such as sales trends, pricing impact, 

and seasonal variations. Overall, the proposed system demonstrates the effectiveness of combining predictive analytics 

and visualization techniques to support informed, data-driven decision-making in retail. 
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