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ABSTRACT: The rapid growth of social media platforms such as Instagram, Facebook, and Twitter has transformed
how businesses interact with their customers. Rather than relying solely on traditional support or marketing channels,
many companies now engage with users through online social-media communities to build brand loyalty, provide real-
time support, and foster customer engagement. These communities, while beneficial, can also reflect early signs of
dissatisfaction when users express frustration or reduce their activity. As a result, the ability to predict customer churn
in these environments has become increasingly valuable for organizations seeking to improve retention and customer
lifetime value.

Conventional churn prediction methods typically involve the manual analysis of structured customer data, such as
usage frequency, subscription duration, or transaction history. However, these approaches often fall short when applied
to the dynamic and unstructured nature of social-media interactions. The informal language, rapid content flow, and
volume of user-generated data require more advanced techniques for meaningful analysis.

Artificial intelligence offers a more effective solution by leveraging natural language processing, sentiment analysis,
and machine learning to extract insights from posts, comments, and engagement behaviors. Al systems can detect
patterns that precede customer disengagement, such as declining interaction levels, negative sentiment, or abrupt
changes in behavior. These insights allow businesses to identify at-risk users with greater accuracy and respond with
timely interventions, including personalized outreach, targeted content, or incentive programs.

By integrating Al-driven analysis into their customer retention strategies, businesses can enhance their understanding of
user behavior in social-media communities and take proactive measures to reduce churn. This approach not only
preserves customer relationships but also contributes to long-term business sustainability in an increasingly digital and
competitive marketplace.

KEYWORDS: Artificial Intelligence, Customer Retention, Subscription Models, Predictive Analytics, Churn
Forecasting, Online Communities, Social-media

I. INTRODUCTION

Customer churn refers to the likelihood that a user will discontinue their participation in a product, service, or platform.
In social-media communities, churn can manifest as a drop in engagement, reduced interaction, or complete withdrawal
from the group. Identifying and predicting this behavior is critical for community managers and moderators, as it
allows them to take informed steps to retain users before disengagement becomes permanent.

The data required for churn prediction in social-media environments is typically gathered from user activity logs,
engagement frequency, time spent within the community, membership duration, and demographic attributes. After this
data is collected, it is pre-processed through cleaning, normalization, and feature extraction to ensure quality and
consistency. Once prepared, the dataset can be used to train machine learning models capable of detecting early signs
of churn.

The choice of machine learning algorithm depends on the structure and purpose of the community. Since user behavior
can differ significantly across various communities, no single model fits all scenarios. Commonly used algorithms
include logistic regression, decision trees, random forests, and neural networks. These models are trained on historical
data where the churn status is known, enabling the model to learn patterns that often precede user departure.

After training, the model is evaluated on a separate validation set to measure its performance using metrics such as

accuracy, precision, recall, and F1 score. If performance is unsatisfactory, further tuning or model adjustments may be
needed. Once validated, the model can be applied to current user data to generate real-time churn predictions. This
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allows community managers to intervene early with targeted engagement strategies such as personalized content,
rewards, or direct communication.

Predicting churn in social-media communities presents unique challenges. One issue is the ambiguity in defining churn.
A user may become inactive in one subgroup while remaining active in others, which complicates churn labeling.
Additionally, user behavior in these communities is highly volatile and can shift rapidly in response to external factors
such as trends, platform changes, or real-world events. This variability reduces the reliability of static behavioral
models.

Another critical consideration is ethical data usage. Since social-media platforms are often public or semi-public,
collecting and analyzing user-generated content must be done with caution, adhering to privacy standards and user
consent where applicable.

This research contributes in three key areas:

e Correlation Analysis:
The study identifies key behavioral and emotional indicators associated with churn, including changes in
engagement frequency, sentiment trends, and time since last interaction.

e Al-Based Churn Prediction Model:
A machine learning model is proposed to predict churn using a combination of user activity metrics and
sentiment analysis. The model provides early detection of at-risk users with high precision.

e Practical Implications for Community Management:
The findings offer actionable insights for community managers, enabling them to proactively address
potential churn through targeted outreach and community design improvements.

By integrating artificial intelligence into community engagement strategies, organizations can maintain stronger, more
loyal user bases while responding adaptively to behavioral changes within their social ecosystems.

II. RELATED WORK

Kwon, Y. D.,et,al.[11] have discussed this problem, and we address the Geo Lifecycle of user engagement and
churn prediction in location-based social networking apps. It meant monitoring user behavior and interaction on
geographical features to infer long-term net retention. Spann, B.,et,al.[12] has discussed a machine learning problem,
Predicting Toxicity, in online socia-media Discussion Threads 101. This filtering technique typically uses data analysis
methods like algorithms to recognize and identify harmful or undesirable content within online messages. Wang,
C.,et,al.[13] have discussed that customer churn prediction is extremely important in the internet funds industry so
businesses can prevent holding on to customers and avoid losses. This study proposes a novel feature-embedding
convolutional neural network-based methodology to predict customer churn with high precision. Extensive
experimental results show the effectiveness of our proposed model in contrast to existing methods. Nayak, S.,et,al.[14]
have discussed Machine Learning Algorithm will analyze our data sets and find patterns in online socia-media posts
about mental health. It has the potential to illuminate discussions around specific mental health issues and discover any
resources or interventions that are available for someone who is struggling with their mental state. Chang, Y.
C.,et,al.[15] have discussed the study, which examines the potential to enhance next-generation decision support
systems with aspects of personality assessment by reviewing new data from a large social media platform, online socia-
media . This study aims to provide important findings that can help for more precise and successful recruitment using
user behavior analysis and language. Nadiri, A.,et,al.[16] have discussed we analyze how long different types of users
remain active on a social media site. Using user activity data for the analysis, this study seeks to identify what features
drive how long a user stays present on their platform and see if it changes over time. Adelani, D. I.,et,al.[17] have
discussed that feedback from the community is a key driver of what gets talked about on social media. Using historical
trends and user activity, we can use predictive modeling to forecast how this feedback would influence topic selection.
This is a valuable insight for marketers, helping them target and tailor their social media strategy. Thushari, P.
D.,et,al.[18] have discussed the millions of social media interactions on online socia-media , algorithms from machine
learning could process troves of data to find patterns and signal marks for mental health. Along with explainable Al
methods that can give insights and explanations about how behavior, language, or sentiments affect mental health.
Shah, F..et,al.[19] have discussed using machine learning and natural language processing; artificial intelligence as a
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service is trained to identify immoral content, including hate speech, violence, and pornographic images on various web
applications because it can process huge volumes of data at speed and learn over time to detect and remove this toxic
content so that we have a better place on the web. Kilroy, D.,et,al.[20] have discussed using data from various product
categories for analysis and making a prediction regarding the demand. By using algorithms to recognize patterns and
trends in customer behavior, companies can predict future products or service demands so that they can adjust their
service offerings on time. It makes enterprises more competitive and enables them to provide better services.

III. PROPOSED MODEL

The model devised for modeling the problem falls under Artificial Intelligence, where machine learning is a part of
it. Its sub-field allows systems to learn through algorithms, models, and other mathematical techniques derived from
previous data without being programmed explicitly. This process starts with data collection, as you will invariably need
a vast and varied database for training your Al algorithm.
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This information can be in the form of sensor data, text, images, or videos. It pre-processes the data to clean and
arrange it and extracts related features. They retrain the model with varying parameters or algorithms if the
performance is poor. After training and testing your model, it can now be used in real-life applications. Given some
new data, it can decide or predict, and the more you provide with emphasis on the quality of text, the better its
performance will be over time.
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This Al approach is a flexible and learnable model that can improve over time. It can revolutionize numerous
industries, including health care, finances, and transportation, by streamlining processes, recognizing patterns in data,
and making well-thought-out decisions.

3. 1. Construction

Kiaty Driadefer defines artificial intelligence as the ability of computers or machines to perform human-like learning
and cognitive functions. The process of designing, enacting, and performing algorithms for machines to collect data and
analyze it based on pre-established rules or models in which decisions can be made from the analyses solving a
particular problem. This information is the data that machines tap to learn and make decisions. Building any Al system
requires huge amounts of data. This data can be of two types: either pre-labeled or the data being used for prediction-
making, which has no labels and the algorithm, will learn from this data. The idea is to have an algorithm to digest the
data, find trends, and make decisions based on those trends.

Classified Output: Pre-process the data, classifying it as churners and non-churners of the dataset. Churners are the
customers who have left their usage of a product or service, while non-churners are those still classified.

Churners: Customers who have not engaged or stopped using your products/services. The customer's behavior can

identify churners, whether a reduction in usage, missed payments, or a low engagement rate. Fig 1 Shows the
Construction Model.
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Fig 1: Construction Model

Performance Measures: We need performance measures to assess the predictive capabilities of churn prediction
models. These measures are accuracy, specificity, sensitivity, and F1 score.

Sensitivity: This is also called recall, representing the proportion of churners our model identifies. Put differently, it
quantifies a model's capability to label churners accurately.

The third component is computing power. The advent of technology has made it possible to design machines capable of
rapidly dealing with huge quantities and types of data in less time.

logz't(f)=]n(1ffJ

“4)

This computing power is critical to allow Al systems to run complex algorithms and make instantaneous decisions. An
Al system incorporates several processes, ranging from data collection and preprocessing to algorithm
selection/analysis, followed by a model training/testing process. A group of experts from different backgrounds must
collaborate to create a great Al system.

3. 2. Operating principle

Artificial Intelligence is a field of computer science that seeks to construct machines that can follow methods for
human-like tasks. Al, the way Al is going about it, involves creating algorithms that can replicate human cognitive
capabilities like learning, reasoning, problem-solving, and decision-making.

Initializing the parameters: Parameters used for Food source optimization algorithms are the number of food
sources, maximum iterations number and employed honey bees, onlooker size category specified search space.

Leader Position: Leader Position is the best solution fitness value found so far in search space in the behavior of food

source optimization algorithms. The first leader will be set at a random solution in the search space. Fig 2 Shows the
Operating Principle Model.
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Fig 2: Operating Principle Model

Position of followers: Followers in food source optimization algorithms are known as employed and onlooker bees.
Their positions are shaped relative to the leader's position and the food sources they patrol. The aim of the followers is
to get solutions better than their previous location and also from the whole solution.

Food source: Food source in food source optimization algorithms denotes the candidate solutions of an optimization
problem. They have been assigned to worker and observer bees based on a fitness function.

Machine learning is one of the main methods in Al, and it consists of training computer programs with lots of data to
understand patterns that would aid them in making decisions. Al possesses the ability to process natural language by
which machines can understand humans and respond to them. It requires analyzing and interpreting spoken or written
language using statistical machine-learning techniques.

E-= 23” (1-%,)

)

Al operates on the principle of developing a technology that can perform tasks required by human intelligence, such as
learning, decision-making, and language understanding

IV. RESULTS AND DISCUSSION

Prediction Accuracy: This parameter in this project gauges how well the Al approach can predict when a customer will
leave various online socia-media communities. Fig 3 shows the Computation of prediction accuracy.
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Fig 3: Computation of Prediction Accuracy

The higher the prediction accuracy, the better the AI Model identifies possible churners and the fewer incorrect
predictions.

Computational Efficiency: This parameter quantifies how fast and effectively the AI model can process or analyze
enormous datasets from online socia-media communities. Fig 4 shows the Computation of computational efficiency.
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Fig 4: Computation of Computational Efficiency
We need a model that predicts in real-time and is fast enough to help prevent churn.

Data Quality: Training data quality is a performance dimension. Thus, the more precise this data is with relevant and
accurate features, the better our churn prediction will be. Fig 5 shows the Computation of data quality.

B rroposed BArtificial Intelligence BBig Data Analysis B Social Network Structure
Convolutional Neural Network

Social Network Structure

No. of Values

Fig 5: Computation of Data Quality
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Low-quality data can contribute to biased predictions. Scalability: Scaling predictions across a growing data set and
online socia-media communities is an important technical capability for any Al model. Fig 6 shows the Computation
of miss rate.
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Fig 6: Computation of miss rate

The most scalable model is capable of supporting growth for YEARS without having to retrain, and it can handle very
high-accuracy churn predictions while improving speed.

V. CONCLUSION

Customer Churn Prediction with Al in online socia-media ’s Potential for Identifying Churners Al can then analyze
huge amounts of data using machine learning algorithms and natural language processing techniques, identify
behaviors that may lead to customer churn patterns in social media conversations, website navigation etc. It provides
advantages like enhanced prediction performance, quicker computation and processing speed, and newly detected
complex patterns containing unstructured data. Nonetheless, Al is not a panacea; it requires human involvement and
domain expertise to be implemented successfully. Improvement of the technique is based on how fast Al-based
technology is progressing.
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