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Abstract 

The rapid evolution of deep learning (DL) and the exponential growth of digital 

collections have opened transformative opportunities for library and information 

services. While prior studies have explored artificial intelligence and machine 

learning applications in libraries, a focused synthesis of deep learning and neural 

network applications, their dominant use cases, and associated challenges in library 

and information science (LIS) remains fragmented. Following the PRISMA 2020 

guidelines, 45 peer-reviewed articles indexed in Scopus (1998–2024) were 

systematically selected and analyzed after screening 246 initial records. 

Recommendation systems emerged as the dominant application (31%, n=14), 

followed by library and digitization management, text mining and natural language 

processing (NLP), user behavior prediction, and image/video processing. The most 

frequently employed architectures were Convolutional Neural Networks (CNNs), 

Long Short-Term Memory networks (LSTMs), Transformers (BERT/GPT variants), 

Graph Neural Networks (GNNs), and Gated Recurrent Units (GRUs). Despite 

significant performance gains, adoption remains hindered by high implementation 

costs, insufficient staff expertise, poor data quality, inadequate infrastructure, and 

limited access to advanced tools. Overcoming these challenges requires AI literacy 

programs, scalable IT infrastructure, improved data quality, and cross-institutional 

collaboration, enabling adaptive, data-driven library services and reinforcing 

libraries' evolving role in the digital age. 
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Digital Libraries, Systematic Review, Artificial Intelligence, Library Services. 

Introduction 

Although DL and neural networks have been developed for several decades, their adoption 

in library and information science (LIS) has accelerated only recently due to advances in 

computational power and the availability of large-scale digital datasets (Kumar, Lim, Sivarajah 

& Kaur, 2023). Prior research has chiefly applied DL in isolated applications, such as 

recommendation systems, text mining, and image analysis, without providing a comprehensive 

synthesis of its broader potential in LIS. Existing systematic reviews on artificial intelligence 

(AI) and machine learning (ML) in LIS, such as the work by Das and Islam (2021), have 

synthesized empirical studies on AI/ML applications in library contexts; however, they focused 

broadly on AI and ML rather than specifically on DL applications in areas such as digital 

resource management, user behavior analysis, or intelligent recommendation services. This gap 

highlights the need for a systematic literature review (SLR) to consolidate knowledge on DL in 

LIS, assess measurable outcomes, and identify practical and ethical challenges. 

DL, a subset of machine learning, utilizes multilayered neural networks to model 

hierarchical patterns in complex data, including text, audio, and images. In LIS, DL 

demonstrates significant potential to enhance key services, including semantic search, 

automated cataloging, recommendation systems, user behavior analysis, and digital resource 

management (Shorin, 2023). Nevertheless, practical adoption faces significant barriers, 

including limited availability of high-quality training data, scarcity of technical expertise, high 

computational demands, and ethical concerns regarding user privacy and confidentiality 

(Bender, Gebru, McMillan-Major & Shmitchell, 2021). 

In response to this context, the present study aims to provide a rigorous, evidence-based 

synthesis of DL applications in libraries and information centers. The objectives are: 

1. To identify opportunities for enhancing LIS services through advanced information 

processing. 

2. To analyze technical, organizational, and ethical barriers to DL implementation in 

library ecosystems. 

3. To explore emerging applications and future possibilities for transforming information 

access and management. 

The study addresses two key research questions: 

● What contributions can DL make to modernize and improve library services? 

● What are the most significant barriers to the successful adoption of DL in information 

center environments? 

 

By addressing these questions, this SLR not only fills a clear research gap but also provides 

actionable guidance for library professionals and policymakers, highlighting promising 

directions for future research while ensuring both technical feasibility and ethical application 

of DL. 

Literature Review 

The rapid advancement of Artificial Intelligence (AI), particularly Machine Learning (ML) 

and Deep Learning (DL), has significantly reshaped the field of Library and Information 

Science (LIS). As libraries continue to evolve from traditional repositories of information into 

intelligent, user-centered knowledge environments, AI-driven technologies are increasingly 

being incorporated into a wide range of library operations and services. Among these 
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technologies, DL has emerged as one of the most influential approaches because of its ability 

to process large volumes of structured and unstructured data, identify complex patterns, 

automate decision-making processes, and support highly personalized information services. 

Recent research demonstrates that DL has been successfully applied to recommendation 

systems, intelligent information retrieval, digital library management, metadata generation, 

document classification, scientometric analysis, and research trend forecasting. Nevertheless, 

the level of technological maturity and practical implementation varies substantially across 

institutions and countries, with developing nations facing greater infrastructural and 

organizational challenges. 

One of the most mature and extensively investigated applications of DL in libraries is the 

development of intelligent recommendation systems. Traditional recommendation approaches, 

primarily based on collaborative filtering or content-based filtering, often suffer from 

limitations such as data sparsity, cold-start problems, and insufficient personalization. To 

overcome these constraints, recent studies have increasingly adopted deep neural network 

architectures capable of learning complex user-item relationships from heterogeneous data 

sources. Jomsri, Prangchumpol, Poonsilp and Panityakul (2024) proposed a Deep Learning-

based recommendation framework for academic libraries that significantly improved the 

personalization of educational resources and enhanced users' information retrieval experiences. 

Similarly, hybrid recommendation models integrating Natural Language Processing (NLP) 

with Convolutional Recurrent Neural Networks (CRNNs) have achieved prediction accuracies 

approaching 98.5% by simultaneously analyzing borrowing histories, user interactions, and 

textual feedback. These findings suggest that DL-based recommender systems not only 

improve recommendation accuracy but also enhance user engagement, satisfaction, and service 

quality. 

Beyond personalized user services, DL has substantially improved the automation of 

library management and digital resource organization. Recent studies demonstrate that deep 

neural networks effectively support automatic metadata generation, semantic annotation, 

document classification, and knowledge organization, thereby reducing the time and human 

effort required for managing large-scale digital collections. Omri, Avshalom and Maayan 

(2021) examined the application of Deep Neural Networks (DNNs) in digital libraries and 

digital humanities, demonstrating their effectiveness in semantic annotation, metadata 

extraction, and knowledge organization. These capabilities enable libraries to improve 

operational efficiency while maintaining the quality and consistency of bibliographic records 

and digital repositories. 

Another major area of research involves intelligent information retrieval and document 

classification. As digital collections continue to expand rapidly, libraries increasingly require 

retrieval systems capable of understanding semantic relationships rather than relying solely on 

keyword matching. Eykens, Guns and Engels (2021) compared several supervised machine 

learning algorithms for classifying social science publications and found that Deep Learning 

models consistently outperformed conventional approaches in identifying semantic 

relationships within scholarly texts. Likewise, Lewis et al. (2020) introduced the Retrieval-

Augmented Generation (RAG) framework, which combines neural retrieval mechanisms with 

language generation models to improve knowledge-intensive information retrieval. By 

integrating external knowledge retrieval with deep neural language models, the RAG 

architecture enables more accurate, context-aware, and semantically enriched retrieval than 
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conventional search techniques. Although originally designed for open-domain question 

answering, the underlying principles of RAG have become increasingly relevant for intelligent 

digital libraries and next-generation AI-powered information retrieval systems. Collectively, 

these studies illustrate the transition from traditional keyword-based retrieval toward semantic, 

knowledge-driven, and context-aware library services. 

DL has also emerged as a valuable analytical tool in scientometric and bibliometric 

research. Rather than merely describing publication trends, recent investigations increasingly 

employ DL models to identify emerging research themes, analyze scientific evolution, and 

forecast future developments. Daradkeh, Abualigah, Atalla and Mansoor (2022) utilized 

Convolutional Neural Networks (CNNs) to classify scientific publications and investigate the 

evolution of research within the field of data science. Similarly, Ghanadi Nejad, Osareh and 

Ghane (2022) developed one of the earliest DL-based forecasting models for Library and 

Information Science research in Iran by analyzing bibliometric datasets to predict emerging 

research topics through 2030. These studies demonstrate that DL-based scientometric 

approaches can support evidence-based decision-making in research policy, collection 

development, and long-term strategic planning. 

Despite these promising advancements, several challenges continue to hinder the 

widespread adoption of Deep Learning in library environments. Technical barriers include 

limited computational infrastructure, insufficient availability of high-quality training datasets, 

interoperability constraints, and the complexity of integrating advanced AI models into existing 

library information systems. Organizational challenges are equally significant and encompass 

shortages of AI-skilled librarians, inadequate institutional investment, resistance to 

technological change, and the absence of comprehensive AI implementation strategies. In 

addition, ethical issues - including data privacy, algorithmic transparency, explainability, 

fairness, and bias - have become increasingly important as AI systems assume greater 

responsibility for organizing information and supporting user services. These concerns are 

particularly critical within library settings, where intellectual freedom, equitable access to 

information, and user privacy constitute fundamental professional values. 

These implementation challenges are particularly evident within the Iranian library system. 

Although pioneering studies have demonstrated the technical feasibility of applying DL to 

scientometric forecasting and intelligent information services, practical implementation 

remains limited. National investigations indicate that only a relatively small proportion of 

Iranian academic librarians currently utilize AI-supported services, reflecting insufficient 

professional training, limited awareness of AI technologies, inadequate technological 

infrastructure, and constrained institutional support. Furthermore, interdisciplinary 

collaboration between Library and Information Science researchers and computer scientists 

remains relatively limited, restricting opportunities to translate research outcomes into 

operational library applications. Consequently, a substantial gap persists between technological 

capability and practical implementation, representing one of the principal challenges facing 

Iranian libraries. 

The reviewed literature demonstrates that Deep Learning has evolved from an emerging 

computational methodology into a transformative technology with broad applications across 

modern library services. Its capabilities extend from intelligent recommendation systems, 

semantic information retrieval, and automated metadata generation to document classification, 

digital library management, and scientometric analysis. Despite these advances, existing studies 
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have predominantly focused on individual technical applications, while relatively few have 

provided a comprehensive perspective on how DL collectively transforms library services and 

organizational practices. Moreover, empirical evidence from developing countries, particularly 

Iran, remains limited, and critical issues related to organizational readiness, professional 

competencies, ethical governance, and sustainable implementation have not yet been 

sufficiently examined. These research gaps underscore the need for a comprehensive systematic 

review that synthesizes the current body of knowledge, identifies emerging research trends, 

evaluates implementation challenges, and proposes an integrated framework for optimizing 

library services through DL and Neural Networks. Addressing these gaps constitutes the 

primary objective and contribution of the present study. 

 

Materials and Methods 

This study applies a qualitative research approach. It employs a systematic review 

method to collect, analyze, and synthesize prior research on the application of deep learning in 

libraries and information centers. The objective is to identify key themes, trends, and 

insights within this field. To design a rigorous and reproducible search strategy, relevant 

keywords were identified through an exploratory literature review and refined through expert 

consultation. Several pilot searches were conducted to test retrieval precision, Boolean logic 

performance, wildcard behavior, and potential synonym gaps. Backward and forward 

snowballing was also applied to enhance dataset completeness. 

The SLR followed the four-phase framework of Silva (2015): 

 

1. Identification and deduplication 

All records were retrieved exclusively from the Scopus database. Relying on Scopus is 

methodologically justified due to its extensive subject coverage, stringent indexing criteria, and 

its position as the largest curated repository of peer-reviewed research. In the intersecting fields 

of computer science and information science, Scopus provides sufficiently comprehensive and 

reliable coverage for a systematic review. Duplicate entries within the Scopus export were 

removed during preprocessing. 

 

2. Title and abstract screening 

Records were screened according to predefined inclusion and exclusion criteria to ensure 

coherence with the research scope. 

 

3. Full-text assessment 

Articles were examined in full. Studies unrelated to libraries, those not applying deep 

learning, non-peer-reviewed publications, review papers, extended abstracts, or documents 

without accessible full text were excluded. Reasons for exclusion were logged to sustain 

transparency. 

 

4. Final synthesis 

Eligible studies underwent critical appraisal and thematic synthesis to yield coherent, 

evidence-based findings. 

 

Inclusion criteria 
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– Application of deep learning or neural network methods; 

– Focus on libraries, digital libraries, or library services; 

–Peer-reviewed journal or conference articles; 

– English-language publications (a limitation inherent to Scopus’s indexing); 

– Full-text availability. 

 

Exclusion Criteria 

– Duplicate records; 

– Review papers, extended abstracts, or opinion pieces; 

– Studies unrelated to library environments; 

– Research not involving deep learning; 

– Non-peer-reviewed or inaccessible publications. 

 

Search strategy and final query 

After several rounds of testing and refinement, the final Scopus search string was defined 

as: 

("Deep Learning" OR "Neural Networks") AND ("Libraries" OR "Digital Librar*" OR 

"Public Librar*" OR "Library Services") AND NOT ("Python Librar*") 

 

The exclusion term was used to filter out studies that referred to software “Python 

libraries,” which would otherwise have introduced substantial noise into the results. 

The search strategy covered the entire range of Scopus-indexed records from 1983 to 2024 

to ensure historical completeness. Although the database was queried from its earliest available 

year, the retrieved DL-related studies within the LIS domain spanned the period 1998 to 2024. 

This reflects the fact that no eligible DL or neural-network-based studies in library contexts 

existed before 1998. Although systematic reviews often integrate multiple databases, Scopus 

was selected as the sole source in this study due to its comprehensive interdisciplinary coverage 

of LIS and computer science journals, rigorous indexing standards, and widespread use in prior 

LIS systematic syntheses. Given the qualitative and thematic orientation of the present review, 

this approach was sufficient to capture representative, high-impact studies while minimizing 

redundancy and inconsistencies across databases. 

The initial search yielded 246 records. After screening titles and abstracts, 57 articles met 

the preliminary relevance criteria. During full-text assessment, 46 studies initially satisfied the 

inclusion criteria. It should be noted that, although 46 articles initially met the inclusion criteria 

after full-text screening, one article was excluded during data extraction due to the absence of 

a deep learning implementation. Therefore, all subsequent analyses, including publication 

trends, are based on the final sample of 43 studies. The exclusion was documented to maintain 

methodological transparency. A sample of the data extraction sheet appears in Table 1.  

 

Table 1 

Data extraction 

No. Year Authors Title 
Deep Learning 

Method 

Input 

Data 
Application Key Findings 

1 2024 
Semeler, A. 

et al. 

AI-based 

electronic 

reference service 

Generative 

Transformer-

based Models 

Web 

data, user 

behavior 

Generative AI 

Models in 

Libraries- 

Improved 

referencing 

automation and 
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for library users data Automation simulated user 

behavior 

2 2024 
Liao & 

Tianxian 

Intelligent 

classification of 

library materials 

Transformer 

Encoder + 

Capsule Neural 

Network 

Library 

readers' 

data 

Recommenda

tion 

Improved 

classification 

accuracy using 

attention-based 

DL 

3 2022 Pang (2022) 

A Personalized 

Recommendation 

Algorithm for 

Semantic 

Classification of 

New Book 

Recommendation 

Services for 

University 

Libraries 

Transformer 

Encoder with 

Attention 

User data 

from 

libraries 

and 

Goodread

s 

Recommenda

tion 

Enhanced 

recommendation 

accuracy 

4 2024 Kong 

Enhancing library 

digitalization 

using 

heterogeneous 

network 

embedding 

Neural 

Networks and 

Heterogeneous 

Network 

Embedding 

Book 

Rating 

and 

Indexing 

Data 

Personalized 

Book 

Recommenda

tion 

Reduced RMSE 

and MAE in 

Library 

Recommendatio

n Systems 

 

Results 

Analysis of articles by year of publication 

 In this study, articles related to deep learning and neural networks published between 1998 

and 2024 in libraries and information centers were examined. The analysis of the publication 

trends over this period revealed significant patterns in the development of research within this 

field. As shown in Figure 1, the number of articles on deep learning and neural networks in 

libraries and information centers fluctuated little until 2020. The number of articles in most 

years ranged from 1 to 3, indicating a relatively small number of publications. However, from 

2021 onward, the number of these articles increased significantly, with 6, 8, 5, and 12 articles 

published in 2021, 2022, 2023, and 2024, respectively. 
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Figure 1: Analysis of articles by year of publication 

 

Applications of deep learning and neural networks in articles related to libraries and 

information centers 

In recent years, deep learning (DL) and artificial neural networks (ANNs) have emerged 

as transformative technologies with widespread applications across scientific and industrial 

domains. Within library and information science (LIS), these advanced computational methods 

have driven significant improvements in information service delivery, operational efficiency, 

and user experience. 

A systematic review of scholarly literature demonstrates that DL implementations have 

enhanced numerous core processes in LIS, including but not limited to: 

● Automated cataloging and classification 

● Intelligent information retrieval 

● Predictive analytics for collection development 

● Enhanced user interaction through chatbots and recommendation systems 

As detailed in Table 2, our analysis synthesizes the key applications and measurable outcomes 

derived from the reviewed studies, highlighting the tangible benefits of these technological 

interventions in information service environments. 

 

Table 2 

Applications of deep learning and neural networks 

No. Application Articles Results 

1 Recommendation 

Systems 

1. Liao & Tianxiang, 

(2024). 

2. Sun (2024) 

3. Unnisa & Akshaya 

(2024) 

4. Ni et al. (2024)  

5. Stergiopoulos, 

1. Increased recommendation accuracy and 

reduced data sparsity  

2. Improved accuracy and diversity of 

book recommendations  

3. Improved performance compared to 

traditional recommendation methods  

4. Improved recommendation accuracy and 

1 1

3

1

2

1 1 1

3

6

8

5

12

0

2

4

6

8

10

12

14

1998 2002 2003 2005 2007 2011 2012 2016 2020 2021 2022 2023 2024

Year of Publication
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No. Application Articles Results 

Vassilakopoulos,  Tousidou 

& Corral (2024)  

6. Kong (2024)  

7. Jomsri et al. (2024)  

8. Borovič, Ojsteršek & 

Strnad (2022)  

9. Pang (2022) 

10. Shi, Hao, Yue & Lu 

(2024) 

11. Verma & Patnaik (2024) 

13. Pang (2022) 

14. Cho (2007) 

discovery of potential user needs  

5. User interest analysis and personalized 

recommendations improvement  

6. Improved recommendation accuracy and 

reduced information redundancy  

7. Increased recommendation accuracy in 

large datasets  

8. Improved article ranking  

9. Improved accuracy and diversity of 

interdisciplinary journal recommendations 

2 User Behavior 

Prediction & 

Analysis 

1. Zhang, Yao, Sun & 

Tay (2019)  

2. Makhashen, G. et al. 

(2023)  

3. Mary Harin Fernandez, 

Venkata Ramana, 

Shabana, Kannagi & 

Nalini (2023)  

4. Sharma, Gulati, Kaur 

& Chakravarty (2021) 

5. Bellika, Hartvigsen & 

Widding (1998) 

1. Prediction of highly-cited articles  

2. Prediction of student behavior in 

digital libraries  

3. User satisfaction evaluation model in 

digital libraries  

4. Sentiment analysis of users towards 

the National Digital Library of India 

3 Library 

Management & 

Digitization 

1.Ni. et al (2024)  

2. Wu, Wang, Yu & 

Huang (2022) 

3. Panda & Chakravarty 

(2022)  

4. Manzoor, Asghar & 

Amjad (2022)  

5. Cao (2021) 

6. VandenBosch, 

Schmidt, Matusiak & 

Organisciak, (2021) 

7. Metaxiotis, Psarras & 

Papastefanatos (2002) 

8. Asim, Arif, Rafiq & 

Ahmad (2023) 

1. Development of integrated digital 

library systems  

2. Book purchase prediction model  

3. Human-computer interaction system 

in digital libraries  

4. Scientific author disambiguation  

5. Use of intelligent chatbots in 

information services 

4 Text Mining & 

NLP 

1.Dhal & Azad (2024)  

2. Shorin, O. N. (2023)  

3. Nicholson (2003)  

4. Rauber & Merkl (2003) 

5. Pal (2011) 

1. Deep learning optimization with 

multi-objective feature selection  

2. Automated content analysis and 

search optimization  

3. Text mining in the SOMLib digital 



The Role of Deep Learning and Neural Networks in Optimizing Library … 

IJISM, Vol. 24, No. 3                                                                                                             July-September 2026 

24 

No. Application Articles Results 

library  

4. Automated scholarly resource 

selection 

5 Image & Video 

Processing 

1. Parian-Scherb, Uhrig, 

Rossetto, Dupont & 

Schuldt (2024)  

2. Desai, Pujari, Sujatha, 

Kamble & Jain (2021)  

3. Shi & Zhu (2020) 

1. Gesture retrieval and multi-

dimensional communication analysis  

2. Content-based image retrieval with 

deep learning  

3. Smart library platform design with 

image processing  

4. Assistive reading system in digital 

libraries with edge computing 

6 Generative AI 

Models in 

Libraries 

1. Semeler et al. 

(2024)  

2. Adetayo (2024) 

 

1. Algorithmic literacy and generative 

AI for data librarians  

2. Use of MidJourney and DALL-E in 

library education 

7 Information 

Retrieval & 

Search 

Optimization 

1. Fox (2016)  

2. Armano, Manconi & 

Vargiu (2007)  

3. Gao, Wang & Wang 

(2005) 

4. Lewis, P. et al. (2020) 

1. Machine learning in digital libraries  

2. Multi-agent system for 

bioinformatics article retrieval  

3. Clustering of similar interests and 

recommendations based on partial retro 

propagation 

8 Text 

Classification 

1. Kandimalla, Rohatgi, 

Wu & Giles (2021)  

2. Giannopoulou & Mitrou 

(2020)  

3. Papavlasopoulos & 

Poulos (2012) 

1. Topic categorization of scientific 

articles with neural networks  

2. Automatic classification of e-books 

with neural networks  

3. Design and evaluation of neural 

networks for classifying library indexes 

9 Simulation & 

Modeling in 

Libraries 

1. Son, Jones & Wysk 

(2003) 

1. Accelerating data analysis and 

optimizing simulation processes 

 

 

The results presented in Table 2 demonstrate a wide range of applications of deep learning 

and neural networks in libraries and information centers. Notably, recommendation systems, 

supported by over 12 significant studies, play a crucial role in enhancing user experience 

through personalized suggestions, improving recommendation accuracy, and reducing 

information redundancy. Applications in user behavior prediction and library management, 

including book purchase prediction and human-computer interaction systems, further illustrate 

the potential of these technologies to optimize library operations. Emerging areas such as text 

mining and natural language processing, image and video processing, generative AI models, 

and simulation and modeling, although represented by fewer studies, indicate promising 

directions for future innovations in library and information services. 
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Analyzing the prevalence of applications and benefits of deep learning and neural 

networks in articles related to libraries and information centers 

To highlight the main research areas on the applications of deep learning and neural 

networks in information centers and libraries, statistical analysis was conducted on 

the frequency of usage of the technologies in various areas. Systematic content-coding of 

the papers and categorization of the identified applications were carried out in this research.  

The results, as illustrated in Figure 2, indicate that recommendation systems are the most 

prevalent application, accounting for 31% of the research studies. Some other significant 

categories are library and digitization management, text mining and natural language 

processing, user behavior prediction and analysis, and image and video processing. 

 

 

 
Figure 2: The Frequency Percentage of Applications of Deep Learning and Neural Networks 

 

Most commonly used tools in the reviewed articles 

Artificial Neural Networks (ANNs) constitute a fundamental building block for deep 

learning models, with ubiquitous applications across nearly all walks of life, ranging from 

computer vision and natural language processing (NLP) to medical diagnosis and game-

playing. The existing literature portrays that the prevailing landscape of ANNs involves 

numerous special-purpose architectures, which are broadly organized in Table 3. 

 

 

 

 

28%

11/6%

19%

11/6%

9/3%

4%

7%
7% 2%

The Frequency Percentage of Applications of Deep Learning and 

Neural Networks

Recommendation Systems

User Behavior Prediction &

Analysis

Library Management &

Digitization

Text Mining & NLP

Image & Video Processing

Generative AI Models in

Libraries

Information Retrieval & Search

Optimization

Text Classification

Simulation & Modeling in

Libraries
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Table 3 

Commonly used tools 

No. 
Neural Network 

Type 

General 

Applications 

Library-Specific 

Applications 
References 

1 

Multi-Layer 

Perceptron (MLP) 

(Feedforward 

Neural Networks - 

FNNs) 

General: 

Classification, time 

series prediction, 

information 

processing 

Predicting user information 

needs, improving data 

normalization, and 

enhancing the classification 

accuracy of library data 

1. Papavlasopoulos & Poulos 

(2012) 

2. Bellika et al. (1998) 

2 

Convolutional 

Neural Networks 

(CNN) 

Object recognition, 

computer vision 

Book and article 

recommender systems, 

enhancing digital libraries, 

improving image search 

accuracy, and increasing 

recommendation precision 

1. Liao & Tianxiang (2024). 

2. Dhal & Azad (2024) 

3. Giannopoulou & Mitrou 

(2020) 

4. VandenBosch et al. (2021) 

5. Desai et al. (2021) 

3 

Recurrent Neural 

Networks (RNN) 

Including: LSTM, 

GRU, BiLSTM, 

Natural language 

processing, machine 

translation, speech 

recognition 

Personalized book 

recommendation in 

academic libraries, 

prediction of highly cited 

papers 

1 Shi, Hao Yue & Lu (2024) 

2. Dhal & Azad (2024) 

3.  Bin Makhashen & Al-

Jamimi (2023) 

4. Mary Harin Fernandez et al. 

(2023) 

5. Giannopoulou & Mitrou 

(2020) 

4 

Autoencoders (AE) Dimensionality 

reduction, noise 

removal, image 

reconstruction 

noise reduction in digital 

archives, dimensionality 

reduction for text corpora 
Desai et al. (2021) 

5 

Generative 

Adversarial 

Networks (GAN) 

NLP, chatbots, 

machine translation, 

computer vision 

Improving personalized 

learning and visual 

interaction in libraries 

Adetayo (2024) 

6 

Transformer 

Networks  

(e.g., BERT, GPT, 

Attention 

Mechanisms) 

NLP, chatbots, 

machine translation, 

computer vision 

Assisting in automated 

cataloging, scientific article 

classification, and 

optimizing library 

acquisition processes 

 

1 Liao & Tianxiang (2024). 

2. Sun, Y. (2024) 

3. Pang (2022) 

4. Ni. et al (2024)  

5. Wu et al. (2022) 

6. Kandimalla, B. et al. (2021) 

7. Borovič et al. (2022) 

7 

Graph Neural 

Networks (GNN) 

e.g., GAT, GCN 

Social network 

analysis, molecular 

modeling, drug 

discovery 

Optimizing scientific 

article recommendations, 

improving recommender 

systems 

1. Ni, P. et al. (2024) 

2. Stergiopoulos et al. (2024) 

8 

Bayesian Neural 

Networks (BNN) 

Including: 

Bayesian Deep 

Learning, Bayesian 

CNN, Bayesian 

LSTM 

Risk analysis, 

medicine, decision-

making under 

uncertainty 

Personalized book 

recommendations, digital 

library recommenders, and 

metadata optimization in 

digital libraries 

1. Dhal & Azad (2024) 

2. Giannopoulou & Mitrou 

(2020) 

3. VandenBosch et al. (2021) 

4. Desai et al. (2021) 
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Table 3 enumerates the various types of artificial neural networks (ANNs) used in the 

reviewed articles, along with their general and library-specific applications. The table 

encompasses eight principal neural network types, each with unique characteristics. For 

example, Multi-Layer Perceptrons (MLPs) have been employed to predict user information 

needs, enhance data normalization, and improve the classification accuracy of library data. 

Similarly, Convolutional Neural Networks (CNNs) have been used in book and article 

recommender systems, to optimize digital libraries, enhance image search accuracy, and 

increase recommendation precision. Likewise, Recurrent Neural Networks (RNN)—including 

LSTM, GRU, BiLSTM, and Transformer variants—have been applied to deliver personalized 

book recommendations in academic libraries and to predict highly cited papers. 

Additionally, Autoencoders (AE) have been used for dimensionality reduction and noise 

removal, and Generative Adversarial Networks (GANs) have contributed to personalized 

learning and visual interaction in libraries. Moreover, Transformer networks (e.g., BERT and 

GPT) have been effective in automated cataloging, scientific article classification, and 

optimizing library acquisition processes. Finally, Graph Neural Networks (GNNs) have been 

leveraged to optimize scientific article recommendations and enhance recommender systems. 

At the same time, Bayesian Neural Networks (BNNs) have been applied to provide personalized 

book recommendations, optimize metadata in digital libraries, and support decision-making 

under uncertainty. 

 

Challenges of deep learning and neural networks in libraries and information centers 

The rapid advancement of deep learning architectures and neural network models has 

driven their increasing integration within library and information science (LIS) ecosystems. 

These computational approaches have demonstrated significant transformative potential, 

particularly in enhancing: 

● Automated resource classification and metadata generation 

● Precision of information retrieval systems 

● Operational efficiency of service delivery mechanisms 

 

Despite these measurable improvements, empirical studies reveal persistent implementation 

challenges that constrain optimal deployment. These limitations span technical, organizational, 

and user-adoption dimensions, as systematically documented in Table 4 through our 

comprehensive analysis of peer-reviewed literature. 

 

Table 4 

Challenges of deep learning and neural networks in libraries and information centers 

No. Challenge Reference(s) 

1 Training neural networks Adetayo (2024) 

2 Cost Asim, et al. (2023); Adetayo (2024) 

3 Lack of expertise among library staff Asim et al. (2023) 

4 
Networked and integrated infrastructure in 

libraries 
Asim et al. (2023) 

5 Low data quality Shorin, O. N. (2023) 

6 Access Adetayo (2024) 
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The findings of Table 4 indicate that the challenges in implementing deep learning and 

neural networks in LIS encompass technical issues (such as network training and poor data 

quality, as reported by Adetayo (2024), and Shorin, (2023), resource limitations (insufficient 

costs and infrastructure, Asim et al. (2023), and human-related barriers (lack of expertise and 

limited access, Asim et al., (2023), and Adetayo (2024). These findings highlight the technical 

complexities, the need for financial and infrastructural investment, and the importance of 

developing human skills to utilize these technologies effectively. 

 

Discussion 

Artificial neural networks (ANNs) and deep learning have become transformative drivers 

across scientific and professional domains, including library and information science. Their 

capabilities in pattern recognition, prediction, optimization, and intelligent decision-making 

have increasingly positioned them as essential components of modern library ecosystems. The 

analysis of 45 Scopus-indexed studies conducted in this systematic review indicates a marked 

rise in research output after 2021-a trend consistent with the global acceleration of digital 

transformation in the post-COVID era. As Uzwyshyn (2022) highlights, the pandemic not only 

expanded digital infrastructure but also shifted the perception of AI in libraries from a future 

possibility to an operational necessity. This review confirms that libraries are actively 

transitioning toward intelligent, technology-driven service models. 

A deeper thematic examination of the literature suggests that the role of deep learning in 

libraries evolves across three interdependent layers: technological, organizational, and user-

centered. At the technological level, neural networks increasingly support recommender 

systems, natural language processing, text classification, and intelligent retrieval. Studies such 

as Jomsri et al. (2024) show that hybrid deep learning models consistently outperform 

traditional approaches in predicting user preferences and enhancing personalization. The 

present findings reinforce this pattern, demonstrating that integrating implicit user feedback-as 

emphasized by Liu and Zhao (2018)-significantly improves predictive accuracy in deep 

learning frameworks. The widespread adoption of architectures such as transformers (e.g., 

BERT) and recurrent neural networks (e.g., LSTM) reflects a methodological maturation, 

moving libraries beyond keyword-based mechanisms toward context-aware knowledge 

discovery platforms. 

At the organizational level, research on resource management, digitalization, automated 

classification, and chatbot-based service delivery indicates a shift toward data-driven and 

adaptive workflows. Zhang (2024) demonstrated that deep learning transforms resource 

classification from a labor-intensive procedure into an intelligent, scalable process. Consistent 

with Rather, Kumar and Gandomi (2024), this review's findings show that deep learning is not 

only automating existing processes but also reshaping library operations by enabling predictive 

acquisition, intelligent cataloging, and integrated digital library architectures. 

At the user-centered level, deep learning facilitates sentiment analysis, satisfaction 

prediction, citation forecasting, and real-time behavioral modeling. This shift reflects libraries’ 

movement from uniform, standardized services toward personalized, analytics-driven user 

engagement. Similar to Ni, Wang, Lv and Wu (2024), who reported significant improvements 

in retrieval performance through transformer-based NLP models, the studies reviewed here 

underscore how deep learning enhances interaction quality and supports evidence-based 

decision-making in user services. 
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Despite these advances, several challenges continue to impede the effective integration of 

deep learning in library settings. The data-related issues identified across the studies indicate 

that the problem is not data scarcity but fragmentation, inconsistency, and the lack of unified 

standards-factors that weaken model generalizability and long-term learning. The shortage of 

AI-related competencies among librarians represents not only a technical skills gap but also a 

cultural challenge, as many professionals still perceive AI tools as threats rather than 

augmentative systems. These limitations mirror the concerns raised by Asim et al. (2023) and 

emphasize the urgent need for capacity building, improved data governance, and the 

redefinition of professional identities to align with AI-enriched environments. Infrastructure 

limitations and the high costs of implementing advanced deep learning systems further 

underscore the need for institutional investment and long-term strategic planning. 

Taken together, the review suggests that libraries are approaching a new generation of 

intelligent knowledge ecosystems—dynamic, predictive, user-centered, and deeply analytical. 

Sustaining this transformation will require strengthening data infrastructures, expanding digital 

literacy and AI competencies among library professionals, fostering experimentation with 

emerging neural architectures, and establishing clear ethical and policy frameworks to ensure 

responsible and equitable deployment of AI technologies. These considerations outline both the 

progress achieved and the critical blind spots that future research must address, including cross-

institutional data integration, ethical algorithmic governance, and scalable models for resource-

limited library environments. 

 

Conclusion 

In conclusion, this review highlights a growing scholarly and practical interest in 

integrating deep learning and neural networks into library operations. These technologies 

deliver tangible benefits in domains such as recommendation systems, resource management, 

digitalization, text classification, and user behavior analysis. Findings from recent studies 

(Uzwyshyn, 2022; Zhang, 2024; Ni et al, 2024) converge to show that deep learning now serves 

as a central pillar of library modernization, rather than remaining a peripheral innovation. 

This review shows a clear gap between what is technologically possible and what most 

libraries are ready to do. Without sufficient staff training, data standards, and infrastructure, 

libraries risk not using these new tools effectively. To address this, this study recommends: (1) 

offering specialized AI literacy programs for staff, (2) investing in scalable IT infrastructure, 

and (3) improving data quality by working with other institutions and supporting open data 

initiatives. 

By addressing these factors, libraries can move toward intelligent, adaptive, and data-

driven ecosystems that enhance both operational efficiency and user engagement. Ultimately, 

this transformation signifies not merely a technological shift but a redefinition of libraries' 

social and epistemic roles in the digital age. 

 

Research gaps and future directions 

The research gaps identified in this section are directly derived from the empirical patterns 

observed in the reviewed studies, particularly the dominance of recommendation systems 

(31%), the limited attention to cross-institutional scalability, and the concentration of empirical 

evidence in technologically advanced regions. Building on the synthesized findings and 

challenges discussed in the previous section, this subsection consolidates the key research gaps 
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in the current literature. It outlines priority directions for future research in library and 

information science. Despite the expanding literature on deep learning and neural networks in 

library and information science, this review identifies persistent gaps that limit both theoretical 

consolidation and practical applicability. Existing studies are largely fragmented, with a 

predominant focus on algorithmic performance in isolated use cases, while issues of scalability, 

interoperability, data standardization, and organizational readiness remain underexplored. 

Moreover, ethical and governance considerations—such as transparency, bias, and user 

privacy—are often addressed at a conceptual level without systematic empirical validation. The 

literature is also geographically concentrated, offering limited insight into the infrastructural 

and contextual challenges libraries face in developing, resource-constrained environments. 

Future research should move toward integrative and context-aware approaches that bridge 

technical innovation with institutional realities. Priorities include the development of scalable, 

interoperable deep learning frameworks, cross-institutional, reproducible study designs, and 

standardized data infrastructures tailored to library ecosystems. Equally important is empirical 

research on AI literacy, professional reskilling, and ethical-by-design models that align 

technological deployment with libraries' social mission. Addressing these directions will enable 

more sustainable, equitable, and responsible integration of deep learning technologies in library 

and information services. 
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