
International Journal of Computer Trends and Technology                                                     Volume 72 Issue 11, 72-82, November 2024 

ISSN: 2231–2803 / https://doi.org/10.14445/22312803/IJCTT-V72I11P108                                                 © 2024 Seventh Sense Research Group®  
 

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 

Original Article 

Machine Learning Algorithms and its Impact on 

Customer Engagement 

Murali Krishna Pendyala1, Vishnu Varma Lakkamraju2, Hareesh Makam3, Paradarami Varun Reddy4 

1Web Architect, Zoom, USA. 
2Enterprise Architect, Adobe, USA. 

3Principal Engineer, Comcast, USA. 
4Development Architect, Wissen Infotech, USA. 

1Corresponding Author : muralikrishna.pendyala@gmail.com 

Received: 23 September 2024  Revised: 26 October 2024           Accepted: 15 November 2024            Published:  30 November 2024 

 

Abstract - Customer engagement is undergoing a massive transformation due to the advent of machine learning technologies. 

Customer engagement applications with Machine Learning capabilities can shift through vast amounts of customer data and 

extract meaningful insights to help businesses forge deeper engagement with their customers. With the help of machine learning 

techniques, applications can offer customers personalized recommendations and predictive analytics capabilities, as well as the 

ability to analyze customers’ sentiments, resulting in business growth. This paper outlines the current state of customer 

engagement and its channels to further detail machine learning algorithms and how businesses can extend features towards 

improving customer engagement. And how businesses respond in a much more efficient way. As more businesses leverage ML 

to drive business strategies, the perspective of these capabilities on customer engagement is becoming essential to maintaining 

competitive advantage in this hyper digital ecosystem.  

Keywords - Machine learning, Customer engagement, Recommendation systems, Predictive analytics, Sentiment analysis, 

Chatbots, Personalized experiences, Consumer-brand relationships. 

1. Introduction 
Over the last few years, Machine Learning (ML) has 

rapidly evolved as a cornerstone technology in many 

industries. ML powered applications bring in breakthrough 

technology, empowering businesses with the ability to analyze 

large sets of data, discover hidden patterns and automate data-

driven decision-making with little or no input from humans. 

ML is revolutionizing how businesses interact with customers 

using supervised, unsupervised, and reinforcement learning 

algorithms. Of these, customer engagement, with its emphasis 

on personalized engagement, predictive analytics, automatic 

customer support, and targeted marketing campaigns, has 

changed the most, driven by ML capabilities. A few ways ML 

enhances customer interaction are recommendation systems 

on e-commerce sites, sentiment analysis when reading 

customer feedback, and AI-powered chatbots. Businesses now 

have a stronger relationship with customers through a mutual 

improvement in satisfaction. ML has become a game-changer 

in customer engagement, transforming how businesses 

interact with customers. Engagement methods that used to fall 

back on static or manual interventions have now been 

empowered with ML-powered tools that deliver near human-

centric, data-driven customization. Recommendation 

algorithms on e-commerce sites propose products based on 

previous activity, and chatbots utilize Natural Language 

Processing (NLP) to provide real-time, smart customer 

service. Moreover, businesses use ML-powered predictive 

analytics to predict customer behavior, such as churn, enabling 

companies to take proactive measures on their valuable 

customers from leaving them. When ML automates and 

optimizes these processes, it reduces the time taken for 

customer interactions and drives a higher engagement quality 

by making it more personalized, relevant, and contextual. 

Further, using ML in customer engagement will help 

businesses strengthen the bridges with which they meet, 

retain, serve and manage customers faster and more 

successfully, enhancing customer satisfaction and ensuring 

everlasting brand loyalty. Despite the rapid adoption of ML 

techniques in customer engagement, a significant research gap 

remains in understanding these technologies’ full potential 

and benefits across diverse industries. This research explores 

how ML algorithms can improve customer engagement 

strategies and identify the areas where these technologies have 

the greatest impact, offering a more holistic view of ML’s role 

in modern customer interactions. Artificial Intelligence (AI) 

will likely spawn revolutionary transformational effects on 

service organizations, impacting how firms engage with their 

customers. In parallel, Customer Engagement (CE), which 

http://www.internationaljournalssrg.org/
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reflects customer interactions with brands, offerings, or firms, 

has risen to the top of many managers’ strategic wish lists in 

the last decade [1]. To illustrate, Forbes predicts that by 2025, 

95% of customer/firm interactions will be conducted via 

computerized technologies without human involvement 

(Morgan 2018) [2]. The future is here, and we are in the thick 

of it; AI and ML are already in our lives every day, whether 

we know it or not. The technology continues to evolve and 

grow, but the capabilities that make these tools world-

changing for marketers are already here—whether we use 

them or not [3]. 

1.1.  Research Questions 

• RQ1. What is the current state of customer engagement 

• RQ2. What is Machine Learning 

• RQ3. Machine Learning algorithms to improve Customer 

Engagement 

• RQ4. Areas of Customer Engagement using Machine 

Learning 

2. Methodology 
This research commences with the current state of 

customer engagement, including definition, critical 

dimensions, and strategies currently practiced in industries, 

and then further steps to what role ML can play toward 

customer engagement. The study will introduce ML, including 

its types, concepts and applications. Next, it will discuss how 

ML algorithms can enhance customer engagement through 

personalization, predictive analytics, and automation.  

Lastly, regarding the future of customer engagement, 

which can gain the most value using ML, such as 

personalization, customer support, and customer retention, our 

approach provides a holistic view of how ML is leading the 

transformation of customer interactions across touchpoints 

and industries. The data was extracted and gathered by 

applying searched keywords with a name string search across 

Database sources such as Scopus, Web of Science, Google 

Scholar, and Research gate. These databases were chosen 

because articles published in recognized academic journals are 

regarded as credible because they go through peer-review 

processes, thus enhancing the quality of systematic literature 

review and the extensive coverage of multidisciplinary 

published articles.  

2.1. What is Customer Engagement 

Customer engagement is simply the sum of all 

Interactions and relationships between a brand and its 

customers over the customer life cycle. It alludes to every 

customer interaction with a business, from communication 

and service to product use and response. Good customer 

engagement is a value-anticipatory behaviour that allows the 

customers to feel appreciated and, when their voices are heard, 

increases loyalty for reasons beyond pure price. Engagement 

can take many forms, such as social media interactions, email 

marketing responses, participation in loyalty programs, and 

direct conversations with customer service representatives. 

This aims to create those connections that matter to them so 

much that they become part of the story and landscape around 

a brand. Satisfied, retained customers are happy revenue-

generating customers. Brands prioritize engagement as this 

boosts customer loyalty for shoppers frequently returning to 

any brand that can relate to their needs. Strong customer 

engagement is critical to increasing growth and staying 

relevant in customers’ lives, especially considering how easily 

they jump from one brand or website to another.  

Consumer Engagement (CE), a consumer’s resource 

investment in their interactions with an object (e.g., a brand; 

Kumar et al., 2019), has been heralded as a key business 

performance indicator in recent years (Kumar and Pansari, 

2016). Engaged consumers have been shown to exhibit 

elevated psychological and behavioral outcomes (e.g., 

enhanced loyalty or recommendation behavior; Brodie et al., 

2011), lifting firm-based competitive advantage. While the 

literature has traditionally centered on consumers’ 

engagement with brands, growing attention is being afforded 

to their engagement with specific technologies and its effect 

on their brand engagement, which has been designated 

technology-facilitated brand engagement (Hollebeek and 

Belk, 2021),[4],[5],[6],[7]. 

A few of the customer engagement channels include: 

2.1.1. Social Media 

Since digital platforms with large audiences, such as 

Facebook, Twitter, Instagram and LinkedIn, have made it 

easier to connect with consumers, promote content and look 

for their engagement. Social media allows for creating 

community building and 1:1 communication with consumers. 

2.1.2. Email Marketing 

One of the early channels adopted in the digital 

ecosystem, helping brands to keep in touch with their 

customer base through personalized email campaigns 

designed to help grow and maintain trust with all consumers/ 

subscribers. This makes email one of the best channels for 

customization because a user’s past behavior or preferences 

that have shaped their engagement journey dictates what 

content can be sent to get higher engagement rates. 

2.1.3. Websites and Blogs 

Brand websites and blogs include valuable content and 

resources central to learning more about the products. Great 

content (articles, videos, interactive features, etc) will lead to 

signups and more engagement with the visitors, entailing them 

to discover even more. 

2.1.4. Customer Service 

Offering support in multiple channels, such as phone, 

email, live chat, and social media, improves answering 

customer inquiries or addressing complaints. Great customer 

service helps build trust and satisfaction. Brands can do this 

https://journals.sagepub.com/doi/full/10.1177/1094670520975110#bibr14-1094670520975110
https://onlinelibrary.wiley.com/doi/full/10.1002/mar.21957#mar21957-bib-0095
https://onlinelibrary.wiley.com/doi/full/10.1002/mar.21957#mar21957-bib-0094
https://onlinelibrary.wiley.com/doi/full/10.1002/mar.21957#mar21957-bib-0019
https://onlinelibrary.wiley.com/doi/full/10.1002/mar.21957#mar21957-bib-0071
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through dedicated mobile apps that provide customers 

personal experiences, push notifications, and exclusive deals. 

In addition, people can also use a website or an app to 

communicate with others in their online network simply 

directly. 

2.1.5. Educational Articles, Webinars 

‘Engagement’ with educational articles, webinars, etc., 

supporting a surge in repeat purchase by rewarding customers 

the loyal way. Such programs come with unique deals, point 

systems, and tailored suggestions. 

2.1.6. Customer Feedback 

Collecting customer feedback surveys or polls is one way 

to know what customers prefer and how brands can better 

cater to them. This engagement indicates that the brand fosters 

telepathy in various forms based on user opinion. 

2.1.7. Content Marketing 

Producing valuable content, such as videos, podcasts, 

webinars and infographics, serves to establish a brand as an 

industry authority and elicit strong relationships with its 

audience. 

2.1.8. Live Events or Webinars 

Live interactions with your customers and future 

employers. These formats allow brands to position themselves 

as thought leaders and interact with their prospects in useful 

ways. 

2.1.9. Online Communities and Forums 

These are where similar customers can connect and share 

experiences, making them feel they belong to the community. 

Brands can use communities to encourage discussions, offer 

assistance, and gather information from these exchanges. 

2.1.10. In-Store Engagement 

Physical store locations offer face-to-face connection 

opportunities. Customers feel a closer bond to the brand and 

are more likely to be loyal when they have direct interactions 

with store staff who know the products well. Interactive in-

store events can add to engagement by allowing them to 

participate personally in shopping processes. Traditional 

Channels: Print media include brochures, flyers, and catalogs 

that could grab many customers’ attention by showing 

information and securing promotion offers. It is hard to ignore 

a well-designed print piece, and we are much more likely to 

interact with something that has been physically handed to us 

than shown to us on Twitter. 

2.1.11. Direct Mail 

One of the very traditional forms of engagement, Sending 

personalized postcards, letters or promotional packages 

through postal mail can make the customer feel special and 

more inclined to respond as they get a feel for ownership. 

Using digital and non-digital channels together allows brands 

to connect better with their customers, forming an emotional 

bond and providing a consistent brand experience across 

touchpoints. Omnichannel retailing involves a synergetic 

integration of channels to create a unified brand experience for 

customers, regardless of the channel or stage they are in during 

the purchasing process (Cummins et al., 2016). Customers no 

longer purchase solely in-store or online; instead, they shop 

across channels. They do so, for example, by searching for 

information in one channel and completing the purchase in 

another (Bang et al., 2013; Britt, 2016). As more and more 

customers demand an integrated purchasing experience across 

channels, many retailers have turned to omnichannel retailing 

to remain competitive (Melsted, 2015) [8-10]. The studies on 

the issue of customer engagement in social networks adopt 

different approaches [11,12]. Schau et al. [13] analyze the 

concept of added value, Chan and Li [14] examine emotional 

attachment to brands, Jahn and Kunz [15] focus on consumer 

loyalty, and Habibi et al. [16] explore trust building. 

2.2. What is Machine Learning  

Machine Learning is a subset of artificial intelligence that 

automatically allows systems to learn and improve from 

historical experience. Rather than an algorithm being 

explicitly programmed to perform a particular task, ML 

algorithms learn over time as they are exposed to more data. 

This feature enables businesses to perform data analysis 

patterns, reveal insights, and automate processes for several 

applications. In today’s digital landscape and dynamic 

business needs, deeper customer engagement is imperative for 

organizational success. In order to achieve that, customer 

relationship management (CRM) must be an integral part of 

any organizational strategy [17]. By understanding the 

nuanced influence of AI on customer relationships, 

organizations can adapt their strategies to align with the 

evolving expectations and demands of the contemporary 

market.[18] Although AI-enabled Customer Relationship 

Management (CRM) systems have gained momentum in 

healthcare to enhance performance, there is a striking dearth 

of knowledge on how such capabilities are formed and affect 

service innovation. [19].  

2.2.1. Evolution of Machine Learning in Customer 

Engagement  

Over the years, machine learning has revolutionized 

customer relationships, changing how businesses interact with 

and look at their customers. The background of the evolution 

is given below: 

 

In the early stages (the 1960s-1980s): Rule-Based Systems 

In the early days, customer engagements were governed 

through regulation-based methods. The typical one-way street 

businesses worked with pre-built structured rules to handle 

every customer query and engagement. Therefore, an 

operational decision had to be made if the queries were 

different. 
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Gather and Crunch Data (1990s) 

With the advent of the internet came along with its digital 

databases, and businesses started amassing oceans of data 

about their customers. Customers were segmented, and 

purchasing behaviors were analyzed using rudimentary 

analytic techniques, paving the way for more advanced 

strategies. 

Machine Learning (2000+) 

Over time, machine learning algorithms became 

increasingly popular with the rise in computational power. 

Organizations started moving towards ML for customer 

segmentation, recommendation systems, and predictive 

modeling tasks. This change enabled a deeper connection and 

differentiation when speaking to specific customer segments. 

Personalization/Targeted Marketing (2014 to present) 

Hyper-personalization was achieved with machine 

learning advancements. Businesses could use real-time 

customer data to build personalized recommendations and 

marketing messages. This symbolized the start of dynamic 

content delivery and individually tailored email campaigns 

that forever changed customer interaction. 

Predictive Analytics and Customer Insights – Late 2010s 

At this time, businesses began using predictive analytics 

to predict customer behaviors (like churn rates and buying 

patterns). It meant proactive engagement strategies that kept a 

business on top of its game, keeping customers and lifetime 

value high. By leveraging vast datasets and using CRM 

systems and data analytics platforms, the integration gives 

businesses insights into how customers behave in their 

preferred environments to offer efficient hyper-personalized 

interactions [20]. Customers increasingly orchestrate their 

everyday activities with technology support (Kunz, Heinonen, 

and Lemmink, 2019), leading to new opportunities and 

challenges (Kaplan and Haenlein, 2020).  

The service sector, in particular, has seen significant 

developments in recent decades, such as the increasing 

adoption of Artificial Intelligence (AI) applications and 

automated technologies, including service robots, chatbots or 

virtual assistants (Gummerus, Lipkin, Dube, and Heinonen, 

2019), [21,22,23]. Combining Gen AI with cloud computing 

in CRM can offer seamless, seamless, personalized customer 

experiences based on preferences across various digital 

channels [24]. 

3. Literature Review 
Table 1. Literature Review 

Author(s) Year Title Journal 
Volume 

(Issue) 
DOI & Pages 

Jenneboer, L., 

Herrando, C., & 

Constantinides, E. 

2022 

The impact of chatbots on 

customer loyalty: A 

systematic literature review 

Journal of 

Theoretical and 

Applied Electronic 

Commerce Research 

17(1) 
https://doi.org/10.3390/jt

aer17010011 - 212–229 

De Bruyn, A., 

Viswanathan, V., 

Beh, Y. S., Brock, 

J. K. U., & Von 

Wangenheim, F. 

2020 

Artificial intelligence and 

marketing: Pitfalls and 

opportunities 

Journal of 

Interactive 

Marketing 

51 

https://doi.org/10.1016/j.i

ntmar.2020.04.007 - 91–

105 

Goel, P., Kaushik, 

N., Sivathanu, B., 

Pillai, R., & 

Vikas, J. 

2022 

Consumers’ adoption of 

artificial intelligence and 

robotics in hospitality and 

tourism sector: Literature 

review and future research 

agenda 

Tourism Review 77(4) 

https://doi.org/10.1108/T

R-03-2021-0138 - 1081–

1096 

Miao, F., 

Kozlenkova, I. V., 

Wang, H., Xie, T., 

& Palmatier, R. 

W. 

2022 
An emerging theory of 

avatar marketing 

Journal of 

Marketing 
86(1) 

https://doi.org/10.1177/0

022242921996646 - 67–

90 

Rana, J., Gaur, L., 

Singh, G., Awan, 

U., & Rasheed, 

M. I. 

2022 

Reinforcing customer 

journey through artificial 

intelligence: A review and 

research agenda 

International Journal 

of Emerging 

Markets 

17(7) 

https://doi.org/10.1108/IJ

OEM-08-2021-1214 - 

1738–1758 

Fayed, A. E. 2021 

Artificial intelligence for 

marketing plan: The case 

for e-marketing companies 

Marketing and 

Management of 

Innovations 

1 
https://doi.org/10.21272/

mmi.2021.1-07 - 81–95 

https://doi.org/10.3390/jtaer17010011
https://doi.org/10.3390/jtaer17010011
https://doi.org/10.1016/j.intmar.2020.04.007
https://doi.org/10.1016/j.intmar.2020.04.007
https://doi.org/10.1108/TR-03-2021-0138
https://doi.org/10.1108/TR-03-2021-0138
https://doi.org/10.1177/0022242921996646
https://doi.org/10.1177/0022242921996646
https://doi.org/10.1108/IJOEM-08-2021-1214
https://doi.org/10.1108/IJOEM-08-2021-1214
https://doi.org/10.21272/mmi.2021.1-07
https://doi.org/10.21272/mmi.2021.1-07
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Perez-Vega, R., 

Kaartemo, V., 

Lages, C. R., 

Borghei Razavi, 

N., & Männistö, J. 

2021 

Reshaping the contexts of 

online customer 

engagement behavior via 

artificial intelligence: A 

conceptual framework 

Journal of Business 

Research 
129 

https://doi.org/10.1016/j.j

busres.2020.11.002 - 

902–910 

Gambetti, R. C., 

& Graffigna, G. 
2010 

The concept of 

engagement: A systematic 

analysis of the ongoing 

marketing debate 

International Journal 

of Market Research 
52(6) 

https://doi.org/10.2501/s1

47078531020166 - 801–

826 

Arco, M. D., 

Presti, L. L., 

Marino, V., & 

Resciniti, R. 

2019 

Embracing AI and Big 

Data in customer journey 

mapping: From a literature 

review to a theoretical 

framework 

Innovative 

Marketing 
15(4) 

https://doi.org/10.21511/i

m.15(4).2019.09 - 102–

115 

Saura, J. R., 

Ribeiro-Soriano, 

D., & Palacios-

Marqués, D. 

2021 

Setting B2B digital 

marketing in artificial 

intelligence-based CRMs: 

A review and directions for 

future research 

Industrial Marketing 

Management 
98 

https://doi.org/10.1016/j.i

ndmarman.2021.08.006 - 

161–178 

Kumar, V., Rajan, 

B., Venkatesan, 

R., & Lecinski, J. 

2019 

Understanding the role of 

artificial intelligence in 

personalized engagement 

marketing 

California 

Management 

Review 

61(4) 

https://doi.org/10.1177/0

008125619859317 - 135–

155 

Eriksson, T., Bigi, 

A., & Bonera, M. 
2020 

Think with me, or think for 

me? On the future role of 

artificial intelligence in 

marketing strategy 

formulation 

TQM Journal 32(4) 

https://doi.org/10.1108/T

QM-12-2019-0303 - 

795–814 

Bag, S., 

Srivastava, G., 

Bashir, M. M. A., 

Kumari, S., 

Giannakis, M., & 

Chowdhury, A. H. 

2022 

Journey of customers in 

this digital era: 

Understanding the role of 

artificial intelligence 

technologies in user 

engagement and 

conversion 

Benchmarking: An 

International Journal 
29(7) 

https://doi.org/10.1108/B

IJ-07-2021-0415 - 2074–

2098 

Cai, S., Han, D., 

Li, D., Zheng, Z., 

& Crespi, N. 

2022 

A reinforcement learning-

based speech censorship 

chatbot system 

The Journal of 

Supercomputing 
78 

https://doi.org/10.1007/s1

1227-021-04251-z - 

8751–8773 

McArthur, D., 

Lewis, M., & 

Bishary, M. 

2005 

The roles of artificial 

intelligence in education: 

Current progress and future 

prospects 

Journal of 

Educational 

Technology 

1(4) - 42–80 

Ariely, D. 2000 

Controlling the information 

flow: Effects on 

consumers’ decision 

making and preferences 

Journal of 

Consumer Research 
27(2) 

https://doi.org/10.1086/3

14322 - 233–248 

 
3.1. Algorithms used to Improve Customer Engagement  

3.1.1. Collaborative Filtering 

Purpose: In the power-behind-recommendation systems, 

this algorithm looks for patterns in user behavior and likes to 

infer product similarity. Netflix and Amazon deploy friendly 

collaborative filtering to recommend movies and products. 

The rapid expansion of online platforms necessitates 

sophisticated recommendation systems to enhance user 

engagement. Leveraging user preferences and social 

interactions, the system aims to provide dynamic and tailored 

recommendations [25]. 

3.1.2. Content-Based Filtering: 

Ratio: the model recommends products to users based on 

items and their properties users have previously liked for 

example, Spotify recommends songs based on users’ previous 

https://doi.org/10.1016/j.jbusres.2020.11.002
https://doi.org/10.1016/j.jbusres.2020.11.002
https://doi.org/10.2501/s147078531020166
https://doi.org/10.2501/s147078531020166
https://doi.org/10.1177/0008125619859317
https://doi.org/10.1177/0008125619859317
https://doi.org/10.1108/TQM-12-2019-0303
https://doi.org/10.1108/TQM-12-2019-0303
https://doi.org/10.1108/BIJ-07-2021-0415
https://doi.org/10.1108/BIJ-07-2021-0415
https://doi.org/10.1007/s11227-021-04251-z
https://doi.org/10.1007/s11227-021-04251-z
https://doi.org/10.1086/314322
https://doi.org/10.1086/314322
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listenings. The suggested method intends to improve music 

discovery for users in an era of expansive music libraries and 

personalized user experiences [26]. 

3.1.3. Decision Trees 

Application: Decision trees are used for classification, 

allowing customers to be segmented according to their habits 

and polarities. For example, a retailer may use decision trees 

to assign customers to, which means for their target marketing 

campaigns. A decision tree is a classification model but can 

also be used in regression. A tree-like model relates the 

decisions and their possible consequences [27].  

3.1.4. Random Forests 

Purpose: The ensemble method creates a group of 

decision trees to increase accuracy and avoid overfitting. 

Great for customer segmentation and predicting churn.For 

example, financial institutions use random forests for credit 

risk assessment. A Random Forest (RF) algorithm is utilized 

to train our model, and Random Search tuning is conducted to 

get the best predictive accuracy [28]. 

3.1.5. K-Means Clustering 

Application: This algorithm divides customers into 

homogeneous groups based on their behavior, preferences or 

demographics. For instance, E-commerce platforms → K-

means to identify target audiences for marketing efforts of 

different kinds. The K-Means Clustering-Based 

Recommendation System uses textual clustering analysis to 

deliver contextually relevant recommendations [29]. 

3.1.6. Support Vector Machines (SVM)  

SVM can be used for classifications like Predict Churn, 

putting customers in different segments, etc. Sample: In Email 

filtering, categorize an email as spam or not. Churn prediction 

problem is an analytical CRM application. Using the extracted 

rules from SVM, service providers can get transparent and 

efficient insight into their customers and make better policies 

to retain their existing customers [30]. 

3.1.7. Neural Networks 

Examples are personalized recommendations, customer 

insights (Images or text data as input), and deep learning 

models for complex data input. For example, chatbots and 

virtual assistants use neural networks to process natural 

language. With the rise of deep learning, these models were 

quickly replaced by end-to-end neural networks. Deep neural 

networks are a powerful generative-based model that solves 

conversational response generation problems [31]. 

3.1.8. NLP (Natural Language Processing) 

NLP techniques help brands analyze customer text 

feedback and sentiments from the text data, giving them 

insights into customer emotions. Use case: Brands can check 

customers’ emotions regarding a campaign using sentiment 

analysis tools. It is the age of Artificial intelligence (AI). As 

AI, machine learning, and Deep Learning (DL) have 

progressed, machines have also advanced to emulate humans. 

A good example of such a machine is chatbots, which can talk 

like humans, use AI and NLP, and be virtual assistants for 

customer experience [32]. 

3.1.9. GBM Gradient Boosting Machines 

When to use: Sequential assembly methods, a toolkit for 

improving forecasts by adding other models, are most 

commonly used in forecasting customer behavior. Use Case 

Example: Online retail uses GBM for churn prediction and 

targeted marketing. The predictive models, leveraging 

Logistic Regression and LightGBM algorithms, were 

evaluated using cross-validation and AUC scores, 

demonstrating strong generalization capabilities and 

effectiveness in predicting customer behavior,[33]. 

3.1.10. Reinforcement Learning 

Usage: This algorithm is used for systems to learn the 

optimal actions by trial and error, like dynamic pricing, 

personal recommendations, etc. Example: Online Platforms 

could use reinforcement learning to adjust consumer pricing 

strategies. With the help of these algorithms, businesses can 

leverage data to analyze it and improve customer interactions, 

such as sending automated messages, nudges, etc., with 

different strategies for better engagement and satisfaction. 

Reinforcement learning techniques extract features from 

customer demographics and capture temporal dynamics of 

customer transactions to provide personalized credit card 

recommendations [34].  

3.1.11. Generative AI  

Algorithms significantly enhance customer engagement 

by personalizing interactions and automating responses. These 

algorithms can predict customer preferences by analyzing vast 

amounts of data and tailoring content, recommendations, and 

communications to individual needs. 

GANs consist of two components: (1) a generator and (2) 

a discriminator network engaged in a competitive and 

consistent process of generating and evaluating content. VAEs 

employ an encoder-decoder architecture to learn and generate 

new output. 

3.2. How ML Can Improve Customer Engagement 

Kumar et al. (2019) explored the role of AI in developing 

a personalized engagement marketing strategy. AI technology 

enables firms to utilize customer information to provide 

tailored products and services. AI technology can facilitate 

real-time learning and help managers improve customer value 

propositions. The strategy of providing curated products 

increases customer value, thus leading to customer retention 

and a sustainable competitive advantage. Schrotenboer et al. 

(2019) highlighted that AI can improve the customer journey, 

and marketers must understand how such advancement 

impacts customer experience in this dynamic environment. 
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Recommender systems can improve customer 

personalization, and Conversational agents can improve 

customer engagement. Customer experience along the 

customer journey can be enhanced by them individually or 

collectively. Prentice and Nguyen et al. (2020) demonstrated 

that service experience with employees and AI impact 

customer engagement and loyalty. Only a few dimensions 

produce unique variances in the consequent variables. Results 

revealed that customers prefer employee service, both service 

experiences have partial mediation effects on customer 

loyalty, and Emotional intelligence has a moderation effect on 

customer engagement.  Prentice et al. (2020) investigated the 

impact of artificial intelligence on customer engagement in the 

hotel industry context. Findings show a link between AI 

service indicators, service quality perceptions, AI satisfaction 

and customer engagement. AI preference has a moderating 

impact on information quality and satisfaction. Kishen et al. 

(2021) determine the impact of artificial intelligence 

deployment on customer management strategies in the context 

of the retail industry.  

This research looks at personalized engagement 

marketing, agility in the supply chain (Robotics), and 

customer management practices using AI tools. Lack of 

knowledge about AI tools, ethics and privacy concerns are 

major impediments to the growth of artificial intelligence 

deployment in retail. Sung et al. (2021) demonstrated that the 

quality of AI (i.e., speech recognition and synthesis via 

machine learning) associated with an augmented object 

increases MR immersion associated with spatial immersion, 

MR enjoyment, and consumers’ perceptions of novel 

experiences. Collectively, these increase consumer 

engagement and improve behavioral responses like purchase 

intentions and intentions to share experiences with social 

groups. Findings also revealed that interactive AI and MR 

technology create additional opportunities to improve 

consumer engagement. 

3.2.1. Personalized Recommendations 

Machine learning algorithms can learn the behavior and 

preferences of customers to provide recommendations on the 

best products. For example, e-commerce platforms can 

recommend items based on prior purchases and browsing 

behavior, elevating the customer’s shopping experience and 

leading to a higher conversion rate. 

3.2.2. Predictive Analytics 

ML can predict how people will behave in the future 

based on their historical data and learnings, e.g., buying 

patterns and preferences of a consumerist behavior user. With 

this, businesses can foresee customer needs, optimize 

inventory, and fine-tune Marketing strategies. 

3.2.3. Customer Feedback Sentiment Analysis 

This can be performed using ML algorithms that 

automatically process and analyze feedback on social media, 

reviews, and surveys to detect sentiment. When brands 

understand these emotions, they can tailor their messaging and 

stay on top of any concerns before affecting the bottom line. 

3.2.4. Best Dynamic Pricing 

Using ML models to analyze demand, compare prices 

with competitors, and refine pricing strategies based on 

consumer behavior. Such an aspect ensures competitive 

pricing without compromising profits. 

3.2.5. AI Driven Chatbots Powered By ML 

AI and machine learning to provide instant customer 

service support and answer queries 24/7 hrs. These tools boost 

the customer experience with quick assistance and help your 

agents by enabling them to focus on offering solutions for 

more intricate queries. 

3.2.6. Customer Segmentation 

ML can quickly identify unique customer segments based 

on their behavior, preferences, and demographics. Businesses 

can customize their marketing efforts and often target 

communication at specific groups. 

3.2.7. Customer Insights 

ML algorithms can scrutinize massive datasets to gather 

critical insights about customer behaviors, preferences, and 

trends flying under the radar. It can help businesses make data-

informed strategic decisions and increase overall outcomes. 

3.2.8. A/B Testing and Optimization 

ML algorithms can automate A/B split tests for the best 

marketing performance and personal user experience. 

Improving their methodologies for better engagement when 

they continuously learn from customer interactions. 

3.2.9. Proactive Customer Support 

Machine Learning can analyze customer behaviors and 

interactions with the business to identify any issues or 

disappointments before they become a real problem. This 

allows the brand to touch base and proactive customer service 

to improve customer satisfaction. 

3.2.10. Loyalty Program Optimization 

Using ML, businesses can analyze customer engagement 

with loyalty programs to determine the most popular rewards 

and incentives. This way, the loyalty campaigns are 

interactive, targeted and syncs accordingly with customer 

trends. By utilizing these capabilities, businesses can foster 

more relevant customer engagement to increase touch, 

satisfaction and loyalty in an overloaded market. Online 

behavioral customer engagement occurs due to the rise of the 

new media and the advancement of technology, which have 

changed how customers connect and interact with firms (Jahn 

& Kunz, 2012). One of the most omnipresent channels for this 

is social media (Gummerus, Liljander, Weman, & Pihlström, 

2012), where customers talk about their experiences, share 

https://www.sciencedirect.com/science/article/pii/S0148296320307463#b0215
https://www.sciencedirect.com/science/article/pii/S0148296320307463#b0215
https://www.sciencedirect.com/science/article/pii/S0148296320307463#b0145
https://www.sciencedirect.com/science/article/pii/S0148296320307463#b0145
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information, review brands and manifest enthusiasm, delight, 

or disgust about a brand with others (Hollebeek and Chen, 

2014). Online customer engagement behaviors, either over 

social media platforms or firm-hosted brand communities, can 

be regarded as customers’ positive and negative self-

expressions about the firm, its products and services 

(Hollebeek & Chen, 2014). These behaviors can not only have 

an impact on customer retention and customer life-time value 

(Verhoef, Reinartz, and Krafft, 2010) but also enable firms to 

collect valuable data and insights, which in turn help firms to 

handle complaints, as well as manage their reputation and 

intelligence (Kunz et al., 2017) [37, 38]. 

3.3. Case Study Real World Examples 

This table highlights various machine learning techniques 

and their applications across different industries, illustrating 

how they are used to enhance customer engagement. 

Table 2. Case study real world examples 

Technique Application Industry Case Study Example 

Personalization 
Recommendation 

Systems 
Retail 

Amazon’s personalized shopping 

experience 

Sentiment Analysis Customer Feedback Analysis Finance American Express’s customer insights 

Predictive Analytics Churn Prediction Telecom Verizon’s retention strategy 

Chatbots Customer Support Explanation Healthcare Babylon Health’s AI doctor service 

3.4. Potential Pitfall and Consideration 

A common pitfall in using machine learning for customer 

engagement is the possibility of over-reliance on automated 

systems, resulting in a lack of human contact and reconcilable 

individual engagement. Although AI and ML can analyze big 

data and offer personalized recommendations, they may 

misread customer intent or miss out on subtleties of customer 

behavior that you need a human to judge. In addition, privacy 

issues and ethical use of customer data will be major obstacles 

because the improper use of customer information risks 

damaging customer trust. Moreover, if the algorithms fail to 

be updated and tracked continuously, they can corrupt or 

become stale, provoking prediction and alienating customers 

and not engaging them. 

4. Future Scope and Further Research Areas 
The use of Machine Learning algorithms for customer 

engagements has seen its infancy. As ML techniques evolve, 

the digital ecosystem is poised to witness rapid transformation 

towards leap forging customer engagement into another realm 

in coming years.   

4.1. Hyper-Personalization 

In the evolution of customer engagement, hyper-

personalization will gain massive prominence as ML 

algorithms become increasingly sophisticated in analyzing 

vast data sets to deliver personalized experiences on a one-to-

one basis. This will allow brands to provide a more 

personalized experience, predicting and pre-serving 

individual preferences and needs even before the consumer 

voices them. 

4.2. Improved Predictive Analysis 

As original ML algorithms become advanced, so will 

predictive analysis, which may provide more accurate 

forecasts. Applications with predictive capabilities will be 

able to predict industry trends in advance, which can further 

help identify customer needs and generate strategies that drive 

up customer satisfaction and retention. 

4.3. Emotion Recognition (Text, Voice, Facial) 

Improved ML capabilities with advances in natural 

language processing and other areas may improve emotion 

recognition from text, voice or facial. This way, brands can 

measure customer sentiment on-the-fly and fine-tune their 

marketing strategies and customer service instantaneously. 

4.4. Omnichannel Engagement 

Future ML applications will follow a holistic approach of 

combining interactions across different touchpoints. Thus, 

enabling an omnichannel experience. This way, businesses 

can keep the conversation going (and personalized) from one 

channel to another. 

4.5. AI-Based Chatbots 

Future chatbots will sit on top of more sophisticated ML 

algorithms, resulting in better context awareness leading to 

Conversation As A Flow. The chatbots will act as support 

tools and proactive engagement agents. 

4.6. Blockchain Integration 

By combining ML and blockchain technologies, data 

transparency will improve, thus enhancing customer 

interactions and trust. Brands that incorporate ethical data 

practices will have the upper hand in establishing and 

nurturing customer relationships. 

4.7. Sustainable Practices 

As people take sustainability more seriously, machine 

learning will help brands analyze data and determine what is 

sustainable in business. And this alignment with consumer 

values will drive engagement and increase brand loyalty. 

4.8. Voice and Visual Search 

The emergence of voice assistants and visual search 

technology will revolutionize the basic settings of consumer 

interaction with brands. However, these interactions will be 

fine-tuned in months to come using ML, so businesses need to 

change their strategy accordingly. Testament to this potential 

is the application of all the future innovations in ML within 

https://www.sciencedirect.com/science/article/pii/S0148296320307463#b0170
https://www.sciencedirect.com/science/article/pii/S0148296320307463#b0170
https://www.sciencedirect.com/science/article/pii/S0148296320307463#b0170
https://www.sciencedirect.com/science/article/pii/S0148296320307463#b0375
https://www.sciencedirect.com/science/article/pii/S0148296320307463#b0255
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businesses, which will aid stronger customer engagement 

forms, leading to robust relationships and growth in an era 

marked by severe competition. 

5. Conclusion 
To conclude, Machine learning is transforming how 

businesses interact with their audiences. As ML technologies 

further evolve, they open up new prospects for organizations 

to sharpen personalization initiatives, obtain deeper customer 

insights and deliver more efficient interactions across 

numerous channels. Advanced algorithms help predict 

consumer needs, provide personalized experiences and 

develop lasting relationships that build loyalty and 

satisfaction. From a customer engagement perspective, the 

landscape will witness greater hyper-personalization, real-

time analytics, and emerging tech like blockchain and voice 

recognition, which will become a part of this new future. 

Brands must respond to this evolution in a nimble fashion as 

they continue to practice ethical data management to earn 

consumers’ trust. The integration of Machine Learning into 

CEM strategies will, in conclusion, benefit the success: 

Customer services and permitting companies the economic 

opportunities to grow and thrive in a competitive landscape. 

Through these innovations, businesses can strengthen 

customer relationships to meet an ever-changing market’s 

needs.
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