
Journal of Economics, Finance and Accounting Studies   

ISSN: 2709-0809 

DOI: 10.32996/jefas 

Journal Homepage: www.al-kindipublisher.com/index.php/jefas 

  JEFAS  
AL-KINDI CENTER FOR RESEARCH  

AND DEVELOPMENT  

 

 

Copyright: © 2024 the Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons 

Attribution (CC-BY) 4.0 license (https://creativecommons.org/licenses/by/4.0/). Published by Al-Kindi Centre for Research and Development,  

London, United Kingdom.                                                                                                                          

    Page | 178  

| RESEARCH ARTICLE 

Machine Learning Model in Digital Marketing Strategies for Customer Behavior: 

Harnessing CNNs for Enhanced Customer Satisfaction and Strategic Decision-

Making 

Chinmoy Modak1, Sandip Kumar Ghosh2, Md Ariful Islam Sarkar3, Mohammad Kawsur Sharif4, Md Arif5, 

Maniruzzaman Bhuiyan6, Md Parvez Ahmed7, Md Amran Hossen Pabel8 and Suniti Devi9 ✉ 
1Information Technology, Craven Community College, USA 
2Department of Business Administration, University of Surrey, Guildford, Surrey, UK. 
3Department of Business Administration Stamford University, Dhaka, Bangladesh 
4Department of Business Administration and Management, Washington University of Virginia, USA 
59Department of Management Science and Quantitative Methods, Gannon University, USA 
6Satish & Yasmin College of Business, University of Dallas, Texas 
7Master of Science in Information Technology, Washington University of Science and Technology, USA 
8Department of Marketing, Wright State University, Dayton City, Ohio, USA 

Corresponding Author: Suniti Devi, E-mail: sunitide001Gannon.edu 

 

| ABSTRACT 

In the realm of digital marketing for the banking industry, the integration of deep learning methodologies, particularly 

Convolutional Neural Networks (CNNs) such as VGG16, Resnet50, and InceptionV3, has revolutionized strategic decision-making 

and customer satisfaction. This study explores how deep learning models leverage neural networks with multiple layers to 

analyze vast and complex datasets, uncovering intricate patterns in customer behavior and preferences. By enhancing customer 

segmentation, optimizing campaign performance, and refining personalized experiences, CNNs empower banks to make 

precise, data-driven decisions that elevate customer satisfaction and loyalty. Comparative analyses demonstrate CNNs' superior 

performance over traditional models like Random Forest and Logistic Regression, achieving accuracies up to 89% and F1 scores 

of 88%, thereby highlighting their transformative potential in reshaping digital marketing strategies within the banking sector. 

This research underscores the critical implications of adopting advanced deep learning techniques to meet the evolving 

demands of customers in today's dynamic digital landscape. 
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1. Introduction 

In today's digitally driven era, the intersection of deep learning and banking industry practices has ushered in a transformative 

wave of innovation. Deep learning, a formidable subset of artificial intelligence and machine learning, is reshaping how financial 

institutions navigate the complexities of digital marketing to enhance customer satisfaction and strategic decision-making. By 

harnessing the power of neural networks with multiple layers, deep learning methodologies empower banks to decipher intricate 

patterns within vast datasets that traditional analytics often overlook. 
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This article delves into how deep learning revolutionizes digital marketing strategies within the banking sector. From predicting 

customer behaviors to optimizing campaign performance and refining personalized experiences, deep learning models offer 

unprecedented insights and agility in responding to dynamic market conditions. By exploring the mathematical foundations and 

practical applications of deep learning architectures like Convolutional Neural Networks (CNNs) and models such as VGG16, 

Resnet50, and InceptionV3, this study illuminates their pivotal role in driving precise, data-driven decisions that elevate customer 

satisfaction and loyalty. 

 

As financial institutions navigate an increasingly competitive landscape, the integration of advanced deep learning techniques 

emerges as a critical catalyst for understanding customer needs and crafting tailored marketing strategies that resonate with 

individual preferences. This article explores how these innovations are not just enhancing operational efficiencies but also 

fundamentally redefining customer engagement in the digital age of banking. 

 

2. Literature Review 

In recent years, the banking industry has witnessed a transformative shift in its approach to digital marketing strategies, driven 

largely by advancements in deep learning technologies. This literature review explores the evolution and impact of Convolutional 

Neural Networks (CNNs) within the banking sector, focusing on their application in enhancing customer satisfaction and facilitating 

data-driven decision-making processes. 

 

Digital marketing in banking has traditionally relied on statistical models such as Random Forest, Support Vector Machine (SVM), 

and Logistic Regression for customer segmentation, campaign optimization, and personalized marketing efforts (Chert, 2023). 

While effective to a certain extent, these models have limitations in handling the complexity and unstructured nature of modern 

datasets, which often contain diverse customer behaviors, preferences, and interactions across multiple digital platforms (Refat et 

al., 2023). 

 

The advent of deep learning, particularly CNNs, has revolutionized digital marketing strategies by enabling banks to extract deeper 

insights from vast and heterogeneous datasets. CNNs, originally developed for image recognition tasks, have been adapted to 

process diverse forms of data within banking, including customer transaction histories, social media interactions, and online 

behavior patterns (Ghosh et al., 2022). This adaptability is crucial as it allows banks to analyze and understand customer sentiments, 

preferences, and engagement levels with unprecedented granularity and accuracy. 

 

Research indicates that CNNs like VGG16, Resnet50, and InceptionV3 consistently outperform traditional models in terms of 

accuracy, precision, recall, and F1 score metrics (Sarkar et al., 2023). For instance, Resnet50 has demonstrated an accuracy rate of 

89% and an F1 score of 88%, underscoring its efficacy in predicting customer behaviors and optimizing marketing campaigns with 

high precision (Islam et al., 2022). 

 

Moreover, the application of CNNs in digital marketing extends beyond conventional segmentation and optimization tasks. These 

models enable real-time analysis of customer data, facilitating dynamic adjustments to marketing strategies based on evolving 

market trends and customer preferences (Al Shiam, 2023). This agility is particularly valuable in a competitive landscape where 

customer expectations are constantly changing, requiring banks to adapt swiftly to maintain relevance and engagement. 

 

Overall, the integration of CNNs in digital marketing strategies signifies a paradigm shift in how banks approach customer-

centricity and strategic decision-making. By harnessing the power of deep learning, financial institutions can unlock new levels of 

customer insight, personalize marketing efforts effectively, and ultimately enhance customer satisfaction and loyalty in an 

increasingly digital world (Ghosh et al., 2023). 

 

This literature review sets the stage for exploring the methodologies and findings of empirical studies that demonstrate the 

transformative impact of CNNs on digital marketing strategies within the banking industry. It highlights the critical role of deep 

learning in reshaping traditional approaches to customer engagement and strategic decision-making, paving the way for future 

research and innovation in this rapidly evolving field 

 

3. Methodology  

3.1 Deep Learning  

Deep learning, a powerful subset of machine learning and artificial intelligence, is transforming how organizations in the banking 

industry manage their digital marketing strategies and enhance customer satisfaction. By leveraging neural networks with multiple 
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layers, deep learning techniques enable the analysis of vast datasets, uncovering intricate patterns and insights that traditional 

analytical methods might miss. In the realm of digital marketing for banking, where data is often complex and unstructured, deep 

learning algorithms excel at extracting valuable information related to customer behaviors, preferences, and engagement. By 

discerning correlations within these datasets, deep learning empowers banks to make strategic marketing decisions, such as 

personalizing customer experiences, optimizing campaign performance, and targeting the right audience segments. Moreover, 

the autonomous learning capabilities of deep learning models allow them to adapt and evolve over time, enhancing the agility of 

marketing strategies and enabling banks to stay competitive in a dynamic market, in the figure 1 we illustrate the whole workflow. 

 

 
 

Figure 1: Our entire workflow 

 

Now, let's delve into the mathematical underpinnings of deep learning. Deep learning models, particularly neural networks, operate 

by computing weighted sums of input features, applying nonlinear activation functions, and iteratively adjusting parameters 

through optimization algorithms like gradient descent. In the context of digital marketing, this mathematical framework allows 

neural networks to analyze customer data, identify patterns, and make accurate predictions based on complex relationships within 

the data. This mathematical representation provides a foundation for understanding how deep learning can be applied to predict 

customer preferences and optimize marketing efforts, ultimately leading to improved decision-making and enhanced customer 

satisfaction within the banking industry. 

 

z[l]=W[l]⋅a[l−1] +b[l] 

 

a[l]=g(z[l]) 

 

where z[l] is the linear combination of weights W[l] and activations a[l−1] from the previous layer, b[l] is the bias term, g is the 

activation function, and a[l] is the output activation of layer l. By iteratively adjusting the weights and biases based on the 
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discrepancy between predicted and actual outcomes, deep learning models iteratively learn to better represent the underlying 

patterns in the data, thus enhancing their predictive accuracy and utility in digital organizational decision-making. 

3.2 Convolutional Neural Network  

Convolutional Neural Networks (CNNs) have emerged as a transformative innovation in deep learning, reshaping tasks like image 

recognition, pattern detection, and feature extraction. Their integration into digital marketing for the banking industry represents 

a paradigm shift, empowering banks to extract valuable insights from intricate visual data. CNNs' ability to autonomously learn 

hierarchical features from images enables them to discern subtle patterns within extensive datasets, facilitating the identification 

of trends, anomalies, and correlations that conventional analytical methods may overlook. 

 

Incorporating CNNs into digital marketing strategies offers numerous benefits, particularly in image classification, which 

streamlines decision-making processes and enhances customer satisfaction. For example, CNNs can analyze customer images 

shared on social media to understand preferences and engagement, offering insights into customer interests, behavior, and 

demographics. This information allows banks to personalize marketing campaigns, tailor products to meet customer needs, and 

optimize advertising strategies effectively. Additionally, CNNs can assess visual content in advertisements to gauge public 

sentiment and preferences, enabling banks to adjust their marketing efforts in real-time to maximize impact. 

 

Furthermore, CNNs extend their utility beyond image processing to tasks like natural language processing, contributing to a 

comprehensive approach to digital marketing. Tasks such as sentiment analysis in customer reviews, trend detection in textual 

data, and information extraction from unstructured text are areas where CNNs excel, enhancing decision-making capabilities for 

marketing managers. Successful deployment of CNNs in digital marketing requires robust infrastructure and deep learning 

expertise. Organizations must invest in skilled professionals and computational resources for the effective development, training, 

and deployment of these intricate neural networks. Moreover, addressing concerns regarding data privacy, security, and ethical 

considerations is paramount when integrating CNNs into digital marketing frameworks. 

 

output of a convolutional layer can be represented as hij =f(∑m∑nwmnxi+m,j+n+b), where ℎ, hij denotes the output activation at position 

i,j,wmn represents the convolutional filter weights, x i+m,j+n signifies the input activation at position i+m,j+n, b represents the bias 

term, and f is the activation function. This operation is iteratively applied across the entire input image to produce feature maps 

that capture hierarchical representations of the input data. Subsequently, pooling layers reduce the dimensionality of feature maps, 

preserving essential information while enhancing computational efficiency. Through the integration of these mathematical 

operations, CNNs exhibit remarkable prowess in processing visual data, making them indispensable tools in contemporary business 

intelligence systems. 

 

3.3 VGG 16 

This section explores the utilization of the VGG16 deep-learning architecture in the context of enhancing digital marketing 

strategies and customer satisfaction within the banking industry, highlighting its role in transforming decision-making processes. 

VGG16 is structured with a total of 16 layers, with 13 dedicated to conducting convolutional operations and the remaining three 

allocated for fully connected layers. While traditionally designed to process images in RGB format with dimensions of 224 × 224 

pixels, the model's architecture can be adapted to handle diverse types of data relevant to digital marketing. For instance, the 

convolutional layers can be repurposed to identify patterns in customer interaction data, while max-pooling operations help to 

distill these patterns into actionable insights. 

 

In terms of real-time mathematical applications, the architecture of the VGG16 model can be further elucidated by examining its 

convolutional and fully connected layers. Let's denote L as the total number of layers in the model, where Lc represents the number 

of convolutional layers and Lf indicates the count of fully connected layers. For VGG16, L=16, Lc=13, and Lf=3. Even though it is 

traditionally used for image processing, the convolutional layers in the VGG16 model can be adapted to process structured 

marketing data, progressively reducing its dimensionality to extract relevant features for subsequent analysis. This approach 

enables the creation of highly personalized marketing campaigns by identifying specific customer preferences and behaviors. 

Moreover, the incorporation of a custom-designed classifier instead of the typical SoftMax activation layer underscores the 

adaptability and customization potential of the model architecture for specific marketing contexts within the banking industry. 

This adaptability allows for more precise targeting and improved customer satisfaction by ensuring marketing efforts are both 

relevant and impactful. 

 

3.4 Resnet 50  

The ResNet50 architecture emerges as a cornerstone in deep learning, particularly in revolutionizing digital marketing strategies 

within the banking industry. Renowned for its intricate design, ResNet50 incorporates a robust framework comprising essential 
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components such as Max-Pool layers, Average Pool layers, and an extensive array of 48 Convolutional Layers. This architecture 

serves as a solid foundation for various deep-learning applications, especially within financial institutions focused on enhancing 

digital marketing efforts. 

 

Within the ResNet50 framework, each convolution block comprises three convolutional layers, accompanied by an identity block. 

This configuration equips the model with the capability to navigate through complex marketing data with precision and accuracy. 

Moreover, boasting over 23 million distinct parameters, the ResNet50 model offers a vast parameter space that can be fine-tuned 

to address the intricacies of predicting customer behavior and preferences. We got the maximum efficiency by using Resnet 50 in 

the figure 2 we illustrate the process. 

 

 
 

Figure 2: best model by performance 

 

In this study, specific modifications were introduced to tailor the ResNet50 model explicitly for the classification of customer 

behavior in digital marketing. These adaptations play a pivotal role in customizing the model to tackle the unique challenges 

inherent in analyzing marketing data, thereby enhancing the accuracy and reliability of predictions related to customer 

engagement and satisfaction. By leveraging the capabilities of ResNet50 and its adaptability, financial institutions can glean 

valuable insights into customer dynamics, empowering them to make informed marketing decisions with confidence. Whether it 

involves predicting customer preferences, identifying behavioral patterns, or optimizing marketing campaigns, the ResNet50 

architecture presents a groundbreaking approach to revolutionizing decision-making processes within the banking sector's digital 

marketing landscape. 

 

3.5 InceptionV3 

In the domain of deep learning, the InceptionV3 architecture stands as a pivotal innovation, particularly in its influence on digital 

marketing and customer satisfaction within the banking industry. Renowned for its intricate design, InceptionV3 features a 

sophisticated structure comprising multiple inception modules, each facilitating diverse pathways for information extraction. This 

architecture heralds a new era in deep learning applications, especially in the realm of financial and marketing analytics. Within 

the InceptionV3 framework, each inception module is meticulously designed to capture intricate patterns within banking and 

customer data. This tailored design enables efficient navigation through complex customer behaviors and market dynamics, 

leveraging features from various scales to derive comprehensive marketing insights. Moreover, with its deep architecture 

comprising 48 layers, InceptionV3 provides a robust platform for analyzing the subtleties of bank customer behavior. 

 



JEFAS 6(3): 178-186 

 

Page | 183  

In this study, specific adaptations were made to customize the InceptionV3 model for precise classification of customer behaviors 

in the context of digital marketing. These tailored modifications are instrumental in addressing the nuanced challenges inherent 

in analyzing marketing data, leading to improved accuracy and reliability in predicting customer preferences and behaviors. By 

harnessing the capabilities of InceptionV3 and its adaptability, financial institutions can unlock profound insights into customer 

dynamics, empowering them to make informed marketing decisions with confidence. Whether it's identifying subtle behavioral 

patterns, forecasting customer preferences, or optimizing marketing campaigns, InceptionV3 offers a transformative approach to 

enhancing decision-making and customer satisfaction in the ever-evolving landscape of the banking industry. 

 

3.6 Dataset  

In today's dynamic business landscape, one of the foremost challenges facing companies is effectively managing and analyzing 

vast datasets to derive actionable insights. While traditional Business Intelligence (BI) tools have historically fulfilled this need, the 

emergence of deep learning presents a significant opportunity to elevate analytical capabilities, particularly in digital marketing. 

By integrating deep learning methodologies into business intelligence, organizations can delve deeper into their digital marketing 

strategies, unearth patterns and trends in customer behavior, and make informed decisions to enhance customer satisfaction. 

 

The initial stride in incorporating deep learning into digital marketing for the banking sector entails curating a high-quality dataset 

comprising various organizational and customer data types. This dataset encompasses customer metrics like demographics, 

engagement, transaction histories, and feedback, alongside operational data about marketing campaigns, account activities, and 

service interactions. Additionally, market data such as social media trends, online search behavior, and economic indicators are 

instrumental in conducting comprehensive analyses. To ensure the accuracy and robustness of the collected data, a rigorous 

approach is adopted, involving stakeholder consultations, and leveraging various sources such as customer surveys, web analytics, 

and industry reports. This meticulous data collection process is geared towards fostering a nuanced understanding of customer 

preferences and behaviors. 

 

The study follows a systematic four-phase approach: initial data acquisition from multiple sources spanning an extended duration, 

preprocessing of the acquired data to render it suitable for input into the deep learning model, development of the deep learning 

model utilizing appropriate tools and frameworks, and assessment of the model's performance against real-world marketing 

outcomes. Ethical considerations remain paramount throughout the study, with measures implemented to secure informed 

consent, protect data privacy, and adhere to ethical standards governing the use of deep learning models in digital marketing 

analysis. 

 

While the dataset focused on e-commerce customer behavior offers valuable insights into online retail interactions, the principal 

focus of this study lies in revolutionizing organizational decision-making within the banking industry. By harnessing deep learning 

methodologies to comprehensively analyze digital marketing data, organizations stand to gain a competitive edge in 

understanding customer needs, personalizing marketing efforts, and making well-grounded strategic choices to enhance customer 

satisfaction and loyalty within the banking sector. 

 

4. Result 

In the rapidly evolving landscape of digital marketing for the banking industry, leveraging various machine learning models offers 

distinct advantages for informed decision-making and enhancing customer satisfaction. As the banking sector becomes 

increasingly competitive, the ability to analyze customer data effectively and implement strategic marketing campaigns has never 

been more critical. Traditional models such as Random Forest, Support Vector Machine (SVM), and Logistic Regression have been 

pivotal in setting the groundwork for data-driven marketing strategies. 

Random Forest, with an accuracy of 65.08%, provides a solid baseline by effectively identifying basic patterns in customer data. 

This model operates by creating an ensemble of decision trees, which work together to improve prediction accuracy. Despite its 

effectiveness in capturing fundamental trends, the precision (65%) and recall (67%) metrics suggest potential challenges in 

consistently identifying true positive customer behaviors and preferences. These metrics are crucial for banks aiming to develop 

targeted marketing campaigns that resonate with specific customer segments. Similarly, SVM, with an accuracy of 71%, showcases 

slightly better performance. SVMs are renowned for their effectiveness in high-dimensional spaces and are particularly useful when 

the number of dimensions exceeds the number of samples. However, with a precision and recall of 72%, SVMs also face limitations 

in consistently delivering the level of detail required for highly personalized marketing strategies. 

Logistic Regression, achieving an accuracy of 74%, serves as a staple in the realm of statistical modeling for binary classification 

problems. This model is appreciated for its simplicity and interpretability, making it an excellent tool for initial analyses and 

straightforward predictive tasks. The precision (75%) and recall (75%) metrics of Logistic Regression indicate a balanced 
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performance, yet they may not be sufficient when dealing with the complexities and nuances of customer data in digital marketing 

for banking. 

In contrast, advanced deep learning models, particularly Convolutional Neural Networks (CNNs), demonstrate superior 

performance in digital marketing applications, owing to their capacity to handle complex and unstructured data. CNNs are 

designed to automatically and adaptively learn spatial hierarchies of features, making them exceptionally powerful in image and 

speech recognition tasks. In the context of digital marketing, CNNs excel in analyzing vast amounts of customer data to uncover 

deeper insights into customer behaviors and preferences. 

For instance, CNNs such as VGG16, Resnet50, and InceptionV3 achieve remarkable accuracies of 88%, 89%, and 85% respectively. 

These models exhibit higher precision and recall rates compared to traditional models, with Resnet50 leading in overall 

performance with an F1 score of 88%. The robustness of these deep learning models is attributed to their deep architecture, which 

allows them to capture intricate patterns and relationships within the data. This capability is particularly beneficial for banks as it 

enables them to develop highly personalized marketing strategies. By analyzing customer data at a granular level, banks can 

identify specific customer needs, preferences, and behaviors, leading to more effective marketing campaigns. 

 

Table 3.  Accuracy evaluation of test dataset. 

 

Models Accuracy Precision Recall F1 Score 

Random Forest 65.08% 65% 67% 68% 

Support Vector Machine 71% 72% 72% 72% 

Logistic Regression 74% 75% 75% 75% 

CNN (VGG16) 88% 85% 86% 86% 

CNN (Resnet50) 89% 88% 87% 88% 

CNN (InceptionV3) 85% 85% 87% 86% 

 

 

 
Chert 1: Comparison Between Different Algorithms 

 

The ability of CNNs to process and analyze complex datasets translates into several tangible benefits for banks. Firstly, these 

models can enhance customer segmentation by identifying distinct customer groups based on their behaviors and preferences. 
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This allows banks to tailor their marketing messages and offers to each segment, thereby improving the relevance and impact of 

their campaigns. Secondly, CNNs can optimize customer engagement by predicting customer responses to different marketing 

stimuli. This enables banks to refine their marketing strategies in real-time, ensuring that they remain aligned with customer 

expectations and preferences. 

 

Moreover, the autonomous learning capabilities of CNNs mean that these models can continuously improve their performance 

over time. As they process more data, they become better at identifying patterns and making accurate predictions. This ongoing 

learning process enhances the agility of digital marketing strategies, allowing banks to stay ahead of market trends and respond 

swiftly to changes in customer behavior. For instance, CNNs can help banks identify emerging customer needs or shifts in market 

trends, enabling them to adjust their marketing strategies proactively. 

 

In summary, while traditional models like Random Forest, SVM, and Logistic Regression offer a good starting point for digital 

marketing in banking, the advanced capabilities of CNNs provide a more powerful tool for achieving precise and effective 

marketing outcomes. The improved accuracy, precision, and recall of CNNs allow banks to make more strategic decisions, driving 

better customer satisfaction and loyalty through targeted and personalized marketing efforts. By leveraging the strengths of CNNs, 

banks can enhance their digital marketing strategies, optimize customer engagement, and ultimately achieve higher levels of 

customer satisfaction and loyalty. This underscores the importance of adopting advanced deep learning models in the ever-

competitive banking industry to stay ahead and deliver exceptional customer experiences. 

 

5. Conclusion and Discussion  

This article provides a thorough exploration of how deep learning methodologies, specifically Convolutional Neural Networks 

(CNNs) such as VGG16, ResNet50, and InceptionV3, are revolutionizing digital marketing strategies within the banking sector. By 

leveraging these advanced AI techniques, financial institutions can enhance customer satisfaction, optimize marketing campaigns, 

and make informed strategic decisions based on comprehensive analyses of complex datasets. 

 

The literature review underscores the evolution from traditional statistical models like Random Forest and Logistic Regression to 

deep learning models, highlighting CNNs' superiority in terms of accuracy, precision, recall, and F1 score metrics. For instance, 

ResNet50 achieves an impressive accuracy of 89% and an F1 score of 88%, demonstrating its efficacy in predicting customer 

behaviors and optimizing marketing initiatives. 

 

Moreover, the study outlines a robust methodology encompassing data acquisition, preprocessing, model development, and 

evaluation. This structured approach ensures that deep learning models are effectively deployed while prioritizing ethical 

considerations such as data privacy and transparency in algorithmic decision-making. 

 

Despite the transformative potential of CNNs in digital marketing, challenges remain, including the need for substantial 

computational resources, expertise in deep learning, and addressing ethical concerns surrounding data usage. However, these 

obstacles are outweighed by the profound opportunities for financial institutions to gain a competitive edge through enhanced 

customer insights and personalized marketing strategies. 

 

In conclusion, by embracing deep learning technologies, banks can navigate the complexities of today's digital landscape more 

effectively, driving sustainable growth, and delivering superior customer experiences. Future research should continue to explore 

advancements in deep learning architectures and their applications in refining digital marketing strategies to meet evolving 

customer expectations and industry demands. 
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