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Abstract: Recommendation algorithms are a crucial research direction in the fields of
artificial intelligence and data science, with widespread applications in e-commerce,
streaming media, education, healthcare, and social networks. The demand for accurate and
personalized information has driven the development of recommendation systems. However,
different application scenarios place varying emphases on recommendation algorithms. For
instance, e-commerce focuses on conversion rates, social platforms emphasize user
relationship expansion, and the healthcare sector prioritizes accuracy and privacy protection.
Consequently, optimizing recommendation algorithms based on industry-specific
characteristics has become a key research focus. This paper summarizes the core technologies
of recommendation algorithms and their applications across different domains. It also
analyzes current challenges such as data sparsity, the cold start problem, and privacy
protection, along with corresponding countermeasures. To address these issues, researchers
have proposed optimization methods that integrate deep learning and reinforcement learning,
as well as improvements such as cross-domain data fusion and user intent modeling.
Furthermore, future trends in recommendation systems include cross-domain
recommendations, enhanced privacy protection techniques, improved interpretability, and the
adoption of federated learning to ensure user data security while enhancing recommendation
quality. With the continuous advancement of artificial intelligence, recommendation systems
will become more intelligent, personalized, and secure, providing users with more accurate

and efficient recommendation services.
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Introduction

As a crucial component of artificial intelligence and data science, recommendation algorithms have
achieved significant advancements across various fields in recent years. With the widespread
adoption of the internet and the intensification of information overload, users need to quickly retrieve
highly relevant information from vast amounts of data. This demand has driven the continuous
development of recommendation algorithms. From product recommendations on e-commerce
platforms to video and music recommendations on social media, as well as applications in education
and healthcare, recommendation algorithms play a key role in enhancing user experience and

optimizing resource allocation.

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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Despite years of development, recommendation algorithms still face new challenges brought by
technological advancements and the expansion of application domains. Key research objectives
include addressing data sparsity and the cold start problem, ensuring user privacy while providing
high-quality recommendations, and integrating deep learning with traditional recommendation
techniques to improve performance. Furthermore, different fields have distinct recommendation
needs: e-commerce prioritizes conversion rates, healthcare emphasizes recommendation accuracy,
and social media focuses on maintaining user engagement and retention. These sector-specific
requirements have further propelled the evolution of recommendation algorithms.

This paper primarily analyzes the application status and development trends of recommendation
algorithms across different domains. By exploring algorithms and real-world case studies, this study
aims to summarize the successes and technical bottlenecks of recommendation algorithms in various
fields and provide insights into future research directions and application prospects.

2. Overview of Recommendation Algorithms

Recommendation algorithms are a technology that predicts user interests and generates personalized
recommendations by mining user behaviors and characteristics. With the explosive growth of data
and the diversification of user needs, recommendation algorithms have gradually developed into
various types. However, the main core technologies can be classified into three categories: content-
based recommendation, collaborative filtering recommendation, and hybrid recommendation systems

[1].
2.1. Classification of Recommendation Algorithms
2.1.1.Content-based Recommendation

Content-based recommendation algorithms analyze a user's past behavior and preferences to
recommend content similar to the items they are interested in. These algorithms typically rely on
content feature vectors, for example, using text analysis techniques to extract keywords from products,
generate user interest feature labels, and recommend relevant content. Sri et al. proposed that the lack
of product consistency evaluation is another major issue with content-based filtering. For instance, if
two articles use similar terms, it becomes difficult to distinguish between high-quality and low-quality
articles [2].

2.1.2.Collaborative Filtering Algorithm

Collaborative filtering algorithms are one of the most popular methods, mainly based on user-based
collaborative filtering and item-based collaborative filtering. In their research, Sarwar et al. proposed
a k-nearest neighbor approach, which calculates the similarity between users or items to make
efficient recommendations [3]. In recent years, matrix factorization techniques (such as SVD and
ALS) have been widely applied in collaborative filtering, significantly improving the performance of
recommendation systems and privacy protection. However, collaborative filtering methods do not
perform well when faced with cold start and data sparsity problems.

2.1.3.Hybrid Recommendation System

The emergence of hybrid recommendation systems aims to overcome the limitations of individual
algorithms. Hybrid systems combine multiple recommendation techniques. For example, Netflix uses
a hybrid strategy that integrates matrix factorization SVD-based collaborative filtering with content-
based recommendations in its recommendation system [3]. This method not only improves the
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accuracy of recommendations but also effectively addresses the cold start problem and enhances the
diversity of recommendation results.

2.2. Application of Deep Learning in Recommendation Systems

In recent years, with the rise of deep learning, recommendation systems have also undergone updates.

Covington et al. proposed that YouTube’s recommendation system uses deep neural networks (DNNs)
to model user behavior, predict user actions, and successfully increase user click-through rates and

watch time [4]. Additionally, reinforcement learning techniques have gradually been introduced into

the recommendation system field, such as dynamically optimizing recommendation strategies [5].

The application of these techniques signifies that recommendation systems are gradually transitioning

from static models to dynamic models, achieving higher accuracy and more personalized

recommendation results.

3. Application of Recommendation Algorithms in Different Domains

Recommendation algorithms have been widely applied across various fields and platforms. The
unique demands, challenges, and specialized technologies in different domains have led to the current
diversity of recommendation algorithms. The following discusses the application scenarios, key
technologies, and issues in e-commerce, streaming platforms, education, healthcare, and social
networks.

3.1. E-commerce

Recommendation systems are extensively used in e-commerce platforms to provide personalized
recommendations and search functionalities. E-commerce platforms use users' browsing history,
purchase records, and other behavioral data to offer personalized product recommendations to
enhance user experience and increase conversion rates. For example, Amazon, one of the largest e-
commerce platforms globally, employs a core technology that recommends products to users based
on the relationships between items, rather than using collaborative filtering, which is commonly
employed by most websites [6]. This allows the recommendation algorithm to examine a user's recent
purchase history and recommend similar or related products. Additionally, Amazon uses deep
learning models, such as neural networks, to address matrix completion issues [6].

However, the e-commerce domain still faces several issues, with the cold start problem being one
of the most classic. When a product is new and lacks sales history or reviews, the algorithm has no
data to determine the relevance of that product to certain keyword searches. To address this, Amazon
uses a concept called contextual signals. For example, if a new keyword appears in the title,
description, or reviews of products related to known keywords, it can be assumed that the new
keyword is related to the existing one. Another approach is to solve the problem using hybrid
recommendation algorithms (combining content features and collaborative filtering), associating user
search keywords to find potentially relevant products for recommendation [7].

3.2. Streaming Platforms

Streaming platforms (such as Netflix, YouTube, and Spotify) use recommendation systems to offer
personalized content recommendations and help users discover videos, music, and other content they
may be interested in, thus increasing user engagement and satisfaction. These recommendation
systems typically combine content-based recommendations with other algorithms. For example,
YouTube’s recommendation system uses deep neural networks (DNNs) to model user behavior by
analyzing data such as watch history and search records. It also divides the recommendation process
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into two stages: candidate generation and ranking, optimizing video features, nonlinear interactions,
and watch time, which significantly improves prediction accuracy [8].

3.3. Education

In the education domain, the goal of recommendation systems is to provide personalized learning
paths. Renowned educational platforms, such as Coursera and Khan Academy use recommendation
algorithms to suggest appropriate courses, learning resources, and related exercises to meet the
diverse learning needs of users. In educational settings, collaborative filtering algorithms primarily
focus on filtering users, analyzing behaviors of users with similar interests, and recommending
courses they have completed. Courses are also filtered based on similarity in content or related topics.
Deep learning can dynamically adjust the recommendation model based on features like test scores
and learning habits. For instance, Khan Academy uses a combination of deep learning and
collaborative filtering algorithms to dynamically optimize a user's learning path, adjusting
recommendations as the user progresses and helping them master previously unlearned concepts. It
also adjusts recommended courses and exercises based on the user’s performance in tests or tasks,
generating a personalized learning route [9].

Educational recommendation systems face challenges related to personalized learning paths and
evaluation of recommendation effectiveness. Since learners have different needs, simple
recommendation models often fail to fully consider user learning preferences. For example, the
effectiveness of different course styles can vary significantly across users. Improvement of models
should involve user test data (such as test scores) or interest points. Additionally, evaluating
recommendation effectiveness in education is complex. To test whether user learning outcomes are
genuinely improved, it may be necessary to dynamically adjust the difficulty of questions during tests
to match the user’s real-level abilities.

3.4. Healthcare

Healthcare recommendation systems play an important role in drug recommendations, pathological
matching, and health management. By analyzing patient medical history, symptoms, genetic data,
and other factors, these systems recommend suitable treatment plans or medications for doctors or
patients. For example, content-based recommendation methods can combine patient history,
symptoms, and genetic conditions to search for similar cases in databases and recommend treatment
plans. Moreover, natural language processing (NLP) algorithms can be used to recommend treatment
plans by integrating medical literature and other case data to generate suitable recommendations.

However, data privacy and security are critical concerns in the healthcare field. Due to the
sensitivity of medical data, privacy protection remains a major challenge for healthcare
recommendation systems. These systems need to balance the accuracy of recommendations with the
handling of sensitive data. Recently, Google’s concept of Federated Learning has been introduced to
help protect user and patient privacy. The core technology of Federated Learning is based on building
machine learning models using datasets distributed across multiple devices while preventing data
leakage [10]. Another potential solution is the use of Generative Adversarial Networks (GANSs),
which synthesize multiple data points to generate new data. Synthetic data is an anonymization
method that can be used for sharing data between institutions without compromising patient privacy.
If successful, no individual synthetic data point can be traced back to any one patient, while still
preserving the overall patterns within the dataset [11].
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3.5. Social Networks

Social network platforms (such as Facebook, Instagram, and TikTok) use recommendation systems
to optimize friend recommendations, content suggestions, and advertisement targeting, thereby
improving overall user interaction and experience. For instance, friend recommendations are based
on users’ interests, activities, and existing relationship networks, suggesting potential friends they
may know or be interested in. Content recommendations include posts, articles, videos, etc., designed
to increase user engagement and time spent on the platform. Advertisement recommendations provide
advertisers with high-value potential audiences, increasing click-through and conversion rates. In
social networks, various recommendation algorithms are used for different objectives. For example,
time-based recommendations use trending topics to deliver real-time content, such as political
discussions or events that suddenly gain large attention. Collaborative filtering algorithms model
users' behaviors across large groups to recommend content based on the actions of similar users. In
friend recommendations, graph neural networks are often used to link potential friends through graph
neighbor discovery algorithms. Reinforcement learning is commonly applied in advertisements to
dynamically optimize strategies based on user responses to ads.

While social networks have powerful recommendation systems, several issues cannot be ignored.
For example, recommendations may be biased based on race or gender, leading to unsatisfactory
outcomes. To address this, fairness metrics or other algorithms are needed to remove bias.
Additionally, with the increasing amount of information exposed to users online, recommendations
are gradually transitioning from helping users acquire knowledge to becoming a source of information
overload. Therefore, effective information filtering techniques must be implemented to reduce the
likelihood of user information overload and enhance user experience.

4. Future Development Trends of Recommendation Algorithms

With the continuous advancement of artificial intelligence and data science technologies,
recommendation systems are evolving from single models to intelligent, diversified, and personalized
approaches. Below are some potential solutions and directions for the future development of
recommendation systems.

4.1. Cross-domain Recommendation

Previously, most recommendation systems were developed for specific industries or domains. Users
could only access content recommended on a single platform. However, in the future, user behavior
data across different platforms or domains may be interrelated. For example, a user's purchase
behavior on an e-commerce platform may be related to their interests on a streaming platform. When
a user conducts a search or filter on an e-commerce platform, the associated streaming platform could
also push relevant product information, reviews, and videos for user reference. The goal of cross-
domain recommendation is to break down platform barriers and leverage multi-domain data to
improve the accuracy of recommendation systems. To address this, differences in data types and
distributions between domains need to be resolved. Additionally, cross-domain recommendation can
help address the cold start problem. By utilizing relevant data from other domains, it can assist in
analyzing and recommending new users or products in a specific domain.

4.2. Privacy Protection

User privacy protection has become an increasingly important issue in recommendation systems. To
improve the accuracy of recommendations, platforms need to collect more user data and information,
much of which may include sensitive private information. Federated learning technology has already
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been used to enable efficient recommendations while protecting data privacy. However, its downside
is that the data generated through training may still present unreasonable situations, requiring more
effort in machine learning to generate more accurate synthetic data. Google's federated recommender
system can now train recommendation models without transmitting user data, marking a significant
starting point for privacy protection in future recommendation systems.

4.3. Self-supervised Learning

Self-supervised learning enables models to be trained by mining the underlying structures in
unlabeled data, reducing the dependence on large amounts of labeled data and lowering manual costs.
For instance, using graph neural networks in social media recommendation systems can help users
discover potential connections or content they may be interested in.

4.4. Explainable Recommendations

As recommendation systems gradually gain visibility among the public, explainability is becoming
increasingly important, especially in fields like healthcare and education. Explainable
recommendation systems can help users understand the process and reasons behind recommendations,
allowing them to better comprehend their situation and interpret the recommended information. For
example, explaining the mechanism behind a medication recommendation can help build trust
between doctors and patients, leading to better cooperation in treatment [12].

5. Conclusion

As an important application of artificial intelligence, recommendation systems have undergone
extensive development over the past few decades and play a crucial role in various industries. This
paper explores the core technologies of traditional recommendation algorithms, covering content-
based recommendations, collaborative filtering, and hybrid recommendation systems, and analyzes
how deep learning and reinforcement learning improve the performance of recommendation systems.
Furthermore, the paper discusses in detail the application of recommendation algorithms in various
fields such as e-commerce, streaming media, education, healthcare, and social networks, highlighting
the unique technical challenges and applications in each domain. For example, e-commerce platforms
focus on improving conversion rates and solving the cold start problem; streaming platforms use deep
learning to optimize recommendations and enhance user engagement; the education sector
emphasizes planning personalized learning paths for students; and healthcare faces challenges related
to privacy protection and strategy accuracy.

Although recommendation algorithms have achieved success in multiple industries, numerous
challenges and research directions remain. Future recommendation systems will evolve towards
cross-domain recommendations, privacy protection, self-supervised learning, and explainable
recommendations. Cross-domain recommendations will break platform barriers, enabling user
modeling across different domains to provide more accurate recommendations; in terms of privacy
protection, the development of technologies such as federated learning offers new solutions for data
security; self-supervised learning can reduce reliance on labeled data; and explainable
recommendations will allow users to understand the workings of the entire recommendation system,
which will be particularly crucial in the healthcare sector for fostering trust in doctor-patient
relationships.

In conclusion, the development of recommendation systems has not only enhanced user experience
but also optimized resource allocation, assisting various industries in their digital transformation.
With the continued advancement of artificial intelligence, machine learning, and data science, future
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recommendation systems will become more intelligent, personalized, and secure, further enhancing
their value across different sectors and providing greater convenience for both users and businesses.
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