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CrossMark

This study aimed to develop a recommender system for formulating marketing strategies for
online products based on sentiment analysis of user reviews and to compare the performance of
deep learning algorithms in predicting product sales. This applied, descriptive-analytical study
was based on textual data obtained from users of an online store. User reviews of products were
employed as the primary input data, and the sentiments expressed in the reviews were classified
into positive, negative, and neutral categories. Three deep learning algorithms—Convolutional
Neural Network (CNN), Recurrent Neural Network (RNN), and Long Short-Term Memory
(LSTM)—were implemented for sentiment analysis and sales prediction. The model
incorporated product- and review-related features, including user sentiment, price, brand,
quality, delivery, packaging, support, warranty, and other product characteristics. Model
performance was comparatively evaluated using accuracy, precision, F1-score, recall, confusion
matrices, and receiver operating characteristic (ROC) curves. Comparative results demonstrated
that CNN achieved the strongest overall performance, followed by LSTM and RNN. Accuracy
values were 0.966, 0.960, and 0.953 for CNN, LSTM, and RNN, respectively. Corresponding
precision values were 0.956, 0.954, and 0.944; F1-scores were 0.931, 0.917, and 0.904; and
recall values were 0.964, 0.957, and 0.949. The confusion-matrix and ROC analyses further
supported the relative superiority of CNN in classification and prediction. Feature-importance
analysis based on the CNN model indicated that other users’ comments had the greatest
contribution to classification, followed by user sentiment, delivery, brand, and packaging.
Sentiment analysis of user reviews using deep learning algorithms, particularly CNN, can
provide an effective analytical basis for predicting product sales and developing recommender
systems that support product-specific marketing strategy formulation in online retail
environments.

Keywords: Recommender system; Marketing strategy; Online products; Sentiment analysis; User
reviews; Deep learning; Convolutional neural network.
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Extended Abstract

Introduction

The rapid expansion of e-commerce and digital retailing has fundamentally transformed the
relationship between businesses and consumers. Online stores no longer rely solely on conventional
market research, sales reports, or managerial judgment to understand customer preferences. Instead, they
continuously generate large volumes of user-created data through product ratings, reviews, comments,
recommendations, complaints, and post-purchase feedback. Among these data sources, online customer
reviews are particularly valuable because they capture consumers’ direct perceptions of products and
services and may reveal needs that cannot be readily identified through conventional sales indicators.
Mining online reviews can therefore provide businesses with actionable knowledge regarding customer
requirements, perceived product strengths and weaknesses, and emerging market expectations (Shi & Yu,
2022). Moreover, online customer reviews and electronic service quality have been shown to play
important roles in consumers’ purchasing decisions, reinforcing the strategic relevance of user-generated
content in electronic commerce (Sudirjo et al., 2023).

The growing influence of electronic reviews has created a need for analytical systems capable of
transforming large volumes of unstructured textual information into useful managerial knowledge.
Electronic reviews can affect customer satisfaction, purchase intention, perceived risk, and purchasing
decisions, while their informational capacity can be examined through advanced analytical models
integrating statistical and machine-learning techniques (Quan et al., 2023). Nevertheless, manually
examining thousands of customer comments is time-consuming, inconsistent, and impractical for large
online retailers. Sentiment analysis has consequently emerged as an important application of natural
language processing that allows computational systems to determine whether textual content reflects
positive, negative, or neutral attitudes. Recent developments indicate that sentiment analysis has
progressively evolved from lexicon-based and conventional machine-learning methods toward more
sophisticated deep learning and language-model architectures capable of extracting complex contextual
and semantic patterns from textual data (Kumar et al., 2025).

An important development in this field has been the transition from general sentiment
classification toward aspect-based sentiment analysis. Consumers frequently evaluate several
characteristics of a product simultaneously; for example, they may express satisfaction with product
quality while criticizing price, packaging, delivery, or after-sales support. Aspect-based sentiment analysis
allows these different components of consumer experience to be distinguished and evaluated separately,
thereby generating more detailed information for managerial decision-making (Abubakar & Shahzad, 2024).
BERT-based approaches have further strengthened the capacity of analytical systems to identify sentiment
associated with particular aspects of products by taking contextual relationships among words into account
(Tiwari et al., 2023). More recent research has also emphasized implicit aspect-based sentiment analysis,
in which the aspect being evaluated is not explicitly mentioned but must be inferred from the semantic
context of the review (Jia et al., 2026).

The development of multidomain and multilingual datasets has additionally demonstrated that
consumer sentiment is influenced by linguistic and product-domain characteristics, making
generalizability an important challenge in sentiment analysis (Lee, 2026). Simultaneously, contemporary
language models have enhanced the ability of artificial intelligence systems to process contextual
meaning, semantic dependencies, and complex natural-language structures (Oralbekova et al., 2023). Fine-
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tuned BERT models, for example, have demonstrated substantial effectiveness in classifying helpful and
unhelpful online reviews, indicating that customer-generated text can be systematically processed to
identify information of greater value for electronic commerce applications (Bilal & Almazroi, 2023). Al-
driven sentiment analysis has also been applied to product reviews to extract consumer insights that can
contribute to product design and improvement (Vadla et al., 2024).

Deep learning algorithms are particularly appropriate for sentiment analysis because of their
capacity to automatically identify complex representations in textual data. Intelligent systems based on
deep learning have demonstrated strong performance in classifying sentiments expressed in e-commerce
product reviews (Alzahrani et al., 2022). Hybrid feature-extraction approaches have similarly indicated that
combining complementary textual characteristics within deep learning architectures can improve
consumer sentiment classification (Kaur & Sharma, 2023). Optimization techniques have also been
integrated with deep learning models to improve sentiment classification performance in online product
reviews (Elangovan & Subedha, 2023). These developments suggest that convolutional neural networks
(CNN), recurrent neural networks (RNN), and long short-term memory networks (LSTM) can provide
useful methodological foundations for transforming consumer comments into structured information.

Importantly, the managerial value of sentiment analysis depends on connecting extracted emotions
with market-related outcomes. Sentiment information can contribute to understanding customer purchase
intentions and to optimizing the manner in which products are presented to consumers (Sun et al., 2026).
Furthermore, sentiment analysis can be integrated into e-commerce recommender systems, enabling user-
generated information to contribute to more informed recommendations and decisions (Loukili et al., 2023).
However, much of the existing literature has focused separately on sentiment classification,
recommendation, product design, review usefulness, or purchasing behavior. Comparatively less attention
has been devoted to integrating sentiment analysis, sales prediction, influential feature identification, and
marketing strategy formulation within a unified managerial recommender system. Therefore, the present
study aimed to develop a recommender system for formulating marketing strategies for online products
based on sentiment analysis of user reviews and to compare the performance of CNN, RNN, and LSTM
deep learning algorithms in predicting product sales and identifying influential product-related features.

Methods and Materials

The present research was an applied study using a descriptive-analytical and computational
approach. The data consisted of user reviews related to products offered by a major online retail store.
User-generated comments were treated as the primary textual dataset for sentiment analysis, with products
selected from popular and frequently purchased categories, including electronic devices and household-
related products. The collected reviews contained users’ opinions, suggestions, complaints, experiences,
and emotional evaluations of products.

The analytical framework classified user sentiment into three principal categories: positive,
negative, and neutral. In addition to overall sentiment, the model incorporated product- and service-related
features extracted from reviews. These included user sentiment, product size, brand, price, emotion,
facilities, quality, purchasing process, reception time, economic value, overall efficiency, other users’
comments, appearance, installation, adjustment, support, packaging, warranty, return possibility,
accessories, and delivery.
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Three deep learning algorithms were implemented: CNN, LSTM, and RNN. The algorithms were
developed and executed in Python and used to classify sentiment-related information and predict product
sales based on customer reviews. Model performance was assessed through several complementary
classification metrics, including accuracy, precision, F1-score, and recall. Confusion matrices were
examined to evaluate correct and incorrect classifications, while receiver operating characteristic curves
were used to compare prediction performance. Feature-importance analysis was subsequently conducted
for each algorithm to identify the variables contributing most strongly to classification and prediction. The
algorithm demonstrating the best overall performance across evaluation criteria was considered the
primary basis for the proposed marketing recommender system.

Findings

The findings demonstrated high predictive performance for all three deep learning algorithms,
although CNN consistently produced the strongest results. CNN achieved an accuracy of 0.966, compared
with 0.960 for LSTM and 0.953 for RNN. Precision was 0.956 for CNN, 0.954 for LSTM, and 0.944 for
RNN. The corresponding F1-scores were 0.931, 0.917, and 0.904, respectively, while recall values were
0.964 for CNN, 0.957 for LSTM, and 0.949 for RNN. Thus, CNN ranked first across all four performance
indicators, followed by LSTM and RNN.

Confusion-matrix analysis further supported the superiority of CNN. For CNN, 77 observations in
one class and 68 observations in the second class were correctly classified, with only five observations
misclassified. LSTM also correctly classified 77 observations in the first class but classified 67
observations correctly in the second class, with six misclassifications. RNN showed the greatest
classification error among the three models, with seven misclassified observations and 66 correctly
classified observations in the second class. Despite these differences, the confusion matrices indicated
relatively strong performance for all models.

The ROC analysis similarly demonstrated favorable prediction patterns for all three algorithms,
with CNN exhibiting the strongest overall discrimination and the highest level of correctly identified
positive cases. Taken together, the accuracy measures, confusion matrices, and ROC curves consistently
identified CNN as the most effective model.

Feature-importance analysis revealed that other users’ comments represented the most influential
variable in the CNN model. User sentiment and delivery were the next most important factors, followed
by brand and packaging. Price, support, product size, installation, and accessories also contributed to
classification, although to a lesser extent. In the LSTM model, other users’ comments again demonstrated
the greatest importance, followed by delivery and user sentiment. The RNN results similarly identified
other users’ comments as the dominant feature and also indicated a contribution from delivery. Because
CNN demonstrated the strongest overall predictive performance, its feature-ranking results were treated
as the primary basis for interpretation and development of the recommender system.

Overall, the results indicated a meaningful relationship between the sentiments expressed by users
and product sales. Positive sentiments were associated with more favorable sales conditions, negative
sentiments with weaker sales conditions, and neutral sentiments with intermediate outcomes. These
patterns demonstrated the feasibility of using customer sentiment and product-related review features as
inputs for recommending marketing strategies for online products.

Discussion and Conclusion
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The results demonstrate that user-generated reviews can serve as an effective source of predictive
information for marketing decision-making in online retail environments. The high accuracy obtained by
all three algorithms indicates that customer sentiment and related product characteristics contain
structured patterns that can be computationally identified and connected to product sales. Most
importantly, CNN achieved the highest accuracy, precision, F1-score, and recall, while its superior
performance was also supported by the confusion matrix and ROC analysis. This convergence across
multiple evaluation criteria provides a stronger basis for selecting CNN than reliance on accuracy alone.

The comparative superiority of CNN may be explained by its ability to extract salient local patterns
from textual data. Customer reviews frequently contain short combinations of words and expressions that
strongly represent satisfaction, dissatisfaction, product quality, service problems, or purchase experiences.
Convolutional operations can identify such patterns efficiently and convert them into discriminative
features for classification. LSTM and RNN also achieved strong performance, indicating that sequential
dependencies within review text are valuable; however, the present dataset appears to have favored the
feature-extraction capabilities of CNN.

Another important finding was the dominant contribution of other users’ comments to prediction.
This result highlights the social dimension of electronic purchasing behavior. In online shopping
environments, consumers cannot always physically examine products before purchase and therefore rely
on the experiences of previous buyers to reduce uncertainty. Reviews consequently function both as
expressions of individual experience and as informational cues capable of shaping the perceptions of
subsequent consumers. The prominent roles of delivery, user sentiment, brand, and packaging further
show that consumers evaluate the total purchasing experience rather than the physical product alone.

These results have important implications for marketing strategy formulation. A negative
sentiment pattern associated primarily with delivery requires a different managerial response from
negative sentiment associated with quality, price, or packaging. Consequently, a recommender system
should not merely label products as positively or negatively evaluated; it should identify the specific
factors contributing to those evaluations and translate them into managerial priorities. In this manner,
sentiment analysis can support targeted interventions in pricing, logistics, branding, packaging, customer
support, product development, or promotional communication.

The findings also demonstrate the potential value of continuously monitoring customer reviews.
Because online comments are generated dynamically, sentiment analysis can provide managers with an
evolving representation of consumer responses. Changes in sentiment may therefore function as early
indicators of emerging product problems or improving market acceptance. When integrated with sales
information, such a system can support more responsive and data-driven marketing strategies.

In conclusion, the study demonstrated that deep learning-based sentiment analysis provides a
viable foundation for developing a marketing recommender system for online retail products. Although
CNN, LSTM, and RNN all showed strong predictive performance, CNN produced the best overall results
and was therefore identified as the most appropriate algorithm among the models examined. The findings
further showed that other users’ comments, user sentiment, delivery, brand, and packaging were among
the most influential variables for classification and prediction. Accordingly, integrating sentiment analysis
with product sales information can transform unstructured customer reviews into actionable marketing
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intelligence and assist online retailers in developing product-specific, evidence-based marketing
strategies.
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