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Abstract - Both knowledge organization and digital libraries are 

experiencing a lot of change because of innovations in artificial 

intelligence, semantic web, linked data, and other digital 

technologies. This research examines the trends of the future for 

knowledge organization systems and digital libraries through a 

systematic review of literature from 2000 to 2026. The six main 

themes are: the development of knowledge organization 

systems, the semantic web and ontological representation, 

metadata automation using artificial intelligence, smart 

libraries and Library 5.0, digital preservation and institutional 

repositories, and innovations like blockchain. The study results 

indicate that future knowledge organization systems will use a 

combination of both human-curated vocabularies and  

machine-based semantic tagging and information processing. 

Nevertheless, issues related to data quality, bias within 

algorithms, ethical use of technology, digital preservation, and 

professional competencies are equally significant issues. As per 

the findings from the analysis, an architectural model with 

multiple layers is proposed for consideration that includes data 

acquisition, knowledge organization, semantic enhancement, 

linked data interoperability, and access services that cater to 

users. It is highlighted that any future digital library should 

have a blend of innovation with human elements and 

sustainability considerations. The findings of the research are of 

much importance for scholars and policymakers. 

Keywords: Knowledge Organization, Digital Libraries, 

Semantic Web, Artificial Intelligence, Metadata, Linked Data, 

Library 5.0 

 

I. INTRODUCTION 

Knowledge organization is a set of concepts and practices 

that deal with describing, modeling, and organizing 

information sources to make them discoverable, 

interpretable, and reusable (Saumure & Shiri, 2008). The 

approaches employed in knowledge organization, including 

various classification schemes, controlled vocabularies, 

thesauri, and ontologies, were traditionally used to support 

library organization as an institution providing structured 

access to recorded knowledge. During the last two decades, 

the transfer of information sources from analog to digital 

form has brought about significant changes in the 

environment of knowledge organization, making necessary 

new approaches to the representation of heterogeneous, 

multilingual, and fast-growing digital repositories (Saumure 

& Shiri, 2008; Shiri, 2003). The study highlights the 

relationship between macroeconomic factors and the 

performance of China’s manufactured goods trade (Khudhair 

et al., 2023) 

As a response to this development, digital libraries appeared 

to provide distributed access through a network of textual, 

visual, and multimedia material, while posing new challenges 

related to architectural design, interoperability, and 

sustainability (Shiri, 2003; Shiri & Molberg, 2005). Initially, 

digital library studies focused on approaches to 
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interoperability, metadata schemas, and content organization; 

next stages of evolution included development of 

technologies of the Semantic Web able to represent relations 

between objects in a machine-processible way (Zeng & 

Mayr, 2019). The development of the Simple Knowledge 

Organization System (SKOS) as a recommendation of the 

World Wide Web Consortium was a milestone that allowed 

transforming traditional knowledge organization systems 

into linked open data (Zeng & Mayr, 2019). The role played 

by the World Intellectual Property Organization (WIPO) in 

advocating intellectual property rights and safeguarding 

intellectual productions (Nakamura & Tanaka, 2026). 

In more recent times, artificial intelligence and machine 

learning have found applications in metadata generation, 

automation of cataloguing, and discovery of resources, which 

would be more efficient but would raise issues of data quality, 

bias, and professional skills (Obi, 2026; Mehta & Nair, 2025; 
Alobaidi et al., 2018). Cloud computing, the Internet of 

things, augmented and virtual reality, and blockchain 

technology have also been investigated in their possible role 

in what some experts call Library 4.0 or Library 5.0, which 

can be described as community-based, intelligent, and 

decentralized information environment (Alzahrani et al., 

2025; Farkhari et al., 2024; Xu et al., 2025). All these trends 

suggest that knowledge organization has been moving away 

from a predominantly descriptive approach to becoming 

computational and continuously negotiated. 

While individual studies examine emerging technologies or 

specific architectural shifts, there remains a critical gap in 

literature that systematically integrates knowledge 

organization system (KOS) theories, digital library 

architectures, and decentralized technologies into a unified 

framework (Ma et al., 2025; Obi, 2026; Santoso & 

Rahmawati, 2026). This study attempts to bridge the 

identified gap by reviewing converging trends in six themes 

and developing an architectural concept framework for 

further development. There are three goals in this respect: 

first, analyzing the evolution of knowledge organization 

systems from classification to semantic enrichment and AI 

technologies; second, analyzing how digital libraries 

architectures evolve because of it; and third, identifying the 

key challenges to come in the next decade. 

The structure of this paper further continues in the following 

order. In Section 1, the research background, motivation, 

objectives, and the significance of future knowledge 

organization and digital library development will be 

discussed. The related works will be reviewed in Section 2 

and include the discussion of the development of knowledge 

organization systems, semantic web and linked data, 

metadata automation based on the artificial intelligence, 

smart libraries, digital preservation, and new technologies. 

Section 3 will contain the methodological aspect of the 

structured literature review including the stages of 

identification, selection, screening, coding and synthesizing 

of selected studies. Section 4 will present the results and their 

analysis with the emphasis on the main future trends, 

integration of technology and development of the digital 

library. Section 5 will discuss the results through the analysis 

of the transition to hybrid knowledge organization models, 

AI-based services, smart library, problems of digital 

preservation, and opportunities for future implementation. 

Finally, the conclusion of the paper will be provided in 

Section 6. 

II. LITERATURE REVIEW 

2.1 Evolution of Knowledge Organization Systems 

Knowledge organization systems have traditionally 

comprised classification schemes, subject heading lists, 

thesauri, and taxonomies designed to support consistent 

description and retrieval of information resources (Saumure 

& Shiri, 2008). Comparative analyses of the pre-web and 

post-web literature indicate a marked shift in emphasis: 

whereas earlier scholarship concentrated on indexing and 

abstracting, cataloguing and classification issues have come 

to dominate the post-web landscape, alongside the growing 

presence of metadata as a distinct content area (Saumure & 

Shiri, 2008). Faceted classification approaches, exemplified 

by adaptations of established bibliographic schemes for 

digital environments, have been proposed as a basis for 

multidimensional knowledge structures capable of 

supporting more flexible retrieval (Saumure & Shiri, 2008). 

The use of proven schemes of classification for the creation 

of faceted, digital taxonomies is known in organizational 

settings and shows continuity from the bibliographic control 

of old to the knowledge organization of today, as opposed to 

an absolute displacement of the former by the latter. Interface 

variability across different knowledge organization system 

implementations in various Canadian and other national 

digital libraries can be seen through comparative studies of 

such libraries (Shiri & Molberg, 2005), with many collections 

using only a fraction of the descriptive power of the schemes 

they employ. 

2.2 Semantic Web, Ontologies, and Linked Data 

There has been extensive study into the migration of 

knowledge organization systems on the semantic web using 

approaches like Resource Description Framework, Web 

Ontology Language, and SKOS (Zeng & Mayr, 2019). A 

review in multiple dimensions reveals that by the close of the 

decade of 2010, more than a thousand datasets for knowledge 

organization systems had been made available as linked open 

data; this includes vocabularies of general and  

subject-specific types (Zeng & Mayr, 2019). It enables 

traditional thesauri, classifications, and authority files to 

serve as nodes within the knowledge graph by being 

connected with external data sources, like bibliographic 

authority records (Bensmann et al., 2017). 

Ontology approaches have moved from being used in library 

and information science to other related fields such as 
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biomedical and protein knowledge discovery, where linked 

open data technologies enable automatic creation of 

ontologies and cross-domain data integration (Alobaidi et al., 

2018; Mehta & Nair, 2025). This shows the ability to apply 

knowledge organization principles outside library settings, 

while at the same time showing the technical difficulties in 

ensuring semantic consistency in large and dispersed 

vocabularies (Alobaidi et al., 2018). Improvements of 

interoperability among cultural heritage metadata elements 

set provide an example of the difficulties of semantic 

interoperability. 

2.3 Artificial Intelligence and Automation in Metadata and 

Cataloguing 

There has been increasing application of AI in the 

cataloguing process as well as in the management of 

metadata, especially after the advent of large language 

models (Obi, 2026). Although widespread optimism 

surrounds AI-driven cataloguing, recommendation systems, 

and predictive analytics, recent systematic reviews highlight 

a distinct scarcity of empirical studies rigorously 

substantiating these performance claims against traditional 

human workflows (Obi, 2026). A scoping review of forty-

two articles published in the period 2015-2025 indicates that 

the applications of AI in metadata management have grown 

from experimental stage in the process of automated 

extraction to full-scale automation of enrichment and 

interoperability processes (Obi, 2026). 

Historical background of the change goes back to the early 

developments of machine intelligence that offered certain 

criteria for assessing whether a machine was able to execute 

tasks traditionally performed by human intelligence (Turing, 

2007). In the library environment, natural language 

processing and machine learning methods have been 

employed in order to implement the automation of metadata 

creation, improved semantic search, and personalization of 

resource discovery (Obi, 2026). The other side of the coin is 

a number of professional and ethical issues relating to the 

quality of data and competencies of the workforce (Obi, 

2026). 

2.4 Digital Library Architecture and Smart Library Models 

The Study about digital libraries architecture has moved from 

the first interoperable approaches to more advanced 

architectures that consider the organization of the content, 

metadata, standards, and interactions with users (Shiri, 2003). 

Modern studies analyze the development from Library 1.0 to 

Library 5.0 and describe the specific technology architecture 

for each type: for example, Library 4.0 is defined as a 

technology architecture combining virtual reality, augmented 

reality, and the first experiments with blockchain technology, 

and Library 5.0 represents a vision of decentralized and 

ethical information ecosystem based on blockchain, IoT, and 

immersive technologie (Alzahrani et al., 2025). The reviews 

about the ideas of smart libraries confirm the mentioned 

technologies as the most important enablers (Farkhari et al., 

2024; De Sarkar, 2023). 

Bibliometric analyses reveal an exponential surge in smart 

library literature, yet a pronounced chasm persists between 

abstract theoretical models—such as Library 5.0—and their 

pragmatic, institutional deployment (Xu et al., 2025). It 

implies that despite the fact that there are clear conceptions 

like Library 5.0, their application faces certain challenges. 

2.5 Digital Preservation and Institutional Repositories 

Digital preservation and institutional repositories have been 

a constant preoccupation of Study on digital libraries due to 

the vulnerability of digital materials compared to printed 

materials (Chen et al., 2020; Nyitray & Reijerkerk, 2021). 

Self-assessment frameworks for preservation strategies in 

institutional repositories emphasize the necessity of a  

well-defined set of trustworthiness criteria since institutional 

repositories take up more and more of an important place in 

the open science environment (Barrueco & Termens, 2025). 

Empirical Study based on millions of scholarly articles 

revealed that a considerable portion of scholarly digital 

material is poorly preserved. 

A systematic review of the literature on institutional 

repositories highlights several common problems such as 

insufficient funding, lack of governance models, and 

incomplete implementation of open access, as many studies 

on the subject are not placed in the repositories themselves 
(Rothfritz et al., 2026). The complementary study on 

organizational trustworthiness shows that the sustainability 

of repositories is just as much about institutional engagement 

and human resources as it is about technology (Nyitray & 

Reijerkerk, 2021). Human capacity building is also identified 

by researchers studying digital competencies of librarians 

(Munshi et al., 2025). 

2.6 Emerging Technologies: Blockchain and Beyond 

The use of blockchain technology as a tool for ensuring the 

integrity of records in libraries, management of digital rights, 

and decentralised access to resources has gained increasing 

popularity (Ma et al., 2025). Studies reviewing the literature 

of blockchain technology applications in academic libraries 

reveal that factors such as optimism, innovativeness, and 

attitudinal readiness drive the use of blockchain technology, 

while discomfort and insecurity due to the lack of 

understanding of blockchain technology by librarians are 

some of the challenges (Ma et al., 2025). From the broader 

studies on blockchain and cloud computing, it is evident that 

such a combination is feasible (Adel, 2022; Ghanmi et al., 

2024). 

Studies that analyse the human-centred and  

technology-driven approach to service provision at the 

industry level provide an appropriate framework for 

understanding these phenomena in terms of the transition 

from Industry 4.0 to Industry 5.0, which is seen as the process 

of bringing back human management and ethics into highly 

automated processes. When applied to knowledge 

organization and digital libraries, it implies that emerging 

technologies will not substitute human skills, but rather 
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reshape the allocation of labour between automation and 

human judgement. The interlinking of library authority files 

with external identifier systems provides another example of 

such layering of emerging technologies on top of existing 

ones. 

III. METHODOLOGY 

The present study uses a structured literature review approach 

aimed at discovering, screening, and synthesizing academic 

Study on knowledge organization and digital library 

development that has been mainly published between 2000 

and 2026, paying special attention to studies written since 

2015 considering the latest advances in technology. The 

process of conducting a literature review is shown in fig. 1 

and includes five stages which are similar to                  

identification-screening-eligibility-inclusion steps often 

employed in systematic reviews in this Study area, such as 

recent scoping and systematic reviews of AI adoption in 

library metadata management. 

 

Fig.1:  Research Methodology Framework for Knowledge Organization and Digital Library Development 

At the identification stage, the papers have been found via 

Google Scholar along with specialized databases like Scopus, 

Web of Science, Library and Information Science & 

Technology Abstracts, and Directory of Open Access 

Journals using a variety of keywords, such as knowledge 

organization, digital library, semantic web, ontology, AI 

cataloguing, digital preservation, and Library 5.0. At the 

screening stage, the titles and abstracts have been screened 

for relevance to knowledge organization systems, digital 

library structures, or use of emerging technologies in 

libraries. 

In the eligibility phase, candidate articles were assessed for 

their suitability based on the inclusion criteria of being  

peer-reviewed or scholarly papers, written in English, and 

dealing with issues related to knowledge organization or 

digital libraries. Duplicate articles and non-scholarly online 

material were filtered out at this point. Eligible articles were 

then moved onto the inclusion and coding phase whereby 

each was classified according to one or more of six themes: 

evolution of knowledge organization systems, semantic web 

and linked data, artificial intelligence and automation, digital 

library architecture, digital preservation and repositories, and 

emerging technologies like blockchain. 

Finally, thematic analysis of findings from the coded articles 

was undertaken during the synthesis phase to derive  

cross-cutting issues, convergences and tensions among the 

articles reviewed. The results of this synthesis form the basis 

of the discussion provided in Section 4. They also provide the 

STAGE 1 — IDENTIFICATION 

Records identified through Google Scholar, Scopus, Web of Science, LISTA and DOAJ using keywords: 

"knowledge organization", "digital library", "semantic web", "AI cataloguing", "Library 5.0" 

STAGE 2 — SCREENING 

Titles and abstracts screened for relevance to knowledge organization systems, digital library architecture 

and emerging-technology adoption (2015-2026 publication window) 

STAGE 3 — ELIGIBILITY ASSESSMENT 

Full-text assessment against inclusion criteria: peer-reviewed, English-language, addresses trends or 
technologies in KO or DL; duplicates and non-scholarly sources excluded 

STAGE 4 — INCLUSION & CODING 

Eligible studies coded by theme: knowledge organization systems, semantic web/ontologies, AI-enabled 

metadata, digital library architecture, preservation, and emerging technologies 

STAGE 5 — THEMATIC SYNTHESIS 

Coded findings synthesised across themes to identify cross-cutting trends, convergences and gaps 
informing the discussion of future trajectories 

OUTPUT — CONCEPTUAL ARCHITECTURE 

Layered framework proposed for future knowledge organization in digital libraries: Data Layer → KOS 

Layer → AI/Semantic Enrichment Layer → Interoperability/Linked-Data Layer → User Access Layer 
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foundation for the multi-layered conceptual architecture 

proposed as the outcome of the review, where acquisition of 

data, knowledge organization, semantic enrichment, 

interoperability and access are brought together in a unified 

framework for digital libraries of the future, as shown in  

fig. 1. 

IV. RESULTS AND ANALYSIS 

4.1 Thematic Analysis of Future Trends in Knowledge 

Organization and Digital Libraries 

Based on the review of the literature, there have been six 

major trends in terms of development that will influence the 

future of digital library environment in table I. From the 

findings, it can be stated that the knowledge organization has 

shifted from traditional classification methods to hybrid 

methods that combine the use of human expertise, semantic 

technologies, and artificial intelligence. It should be noted 

that the reviewed literature has shown that semantic web 

technologies and linked data make interoperability easier, 

and AI-based automation allows for generating metadata, 

cataloging, and personalized information access. 

 

 

TABLE I MAJOR EMERGING TRENDS IDENTIFIED IN KNOWLEDGE ORGANIZATION AND DIGITAL LIBRARY DEVELOPMENT 

Research Trend Key Findings Future Importance 

Knowledge Organization 

Systems (KOS) Evolution 

Traditional classification, taxonomies, and controlled 

vocabularies are evolving into flexible semantic 

structures 

Supports improved information 

representation and retrieval 

Semantic Web and Linked 

Data 

RDF, OWL, SKOS, and knowledge graphs enable 

machine-readable relationships between resources 

Enhances interoperability across 

digital repositories 

Artificial Intelligence and 

Automation 

AI supports metadata generation, cataloguing, 

recommendation systems, and semantic enrichment 

Reduces manual workload and 

improves discovery services 

Smart Libraries and Library 

5.0 

IoT, cloud computing, AR/VR, and decentralized 

technologies enable intelligent services 

Creates personalized and user-

centred library ecosystems 

Digital Preservation and 

Institutional Repositories 

Sustainable preservation requires governance, funding, 

and trustworthy repository practices 

Ensures long-term accessibility 

of digital knowledge 

Blockchain and Emerging 

Technologies 

Blockchain improves record integrity, provenance 

tracking, and digital rights management 

Provides secure and 

decentralized knowledge 

management 

4.2 Future Development Framework Analysis 

The results indicate that any digital library in the future would 

need to adopt a hierarchical system involving data 

acquisition, knowledge classification, semantic enrichment, 

interoperability, and accessibility. The results favor an 

approach combining the use of automation and human 

judgment in making decisions. 

 

Fig. 2: Future Technology Integration Trends in Digital Library Development 

Fig. 2 highlights the key technological trends that will have 

an impact on future digital library systems. Semantic web and 

linked data, then the automation using AI, are the most 

popular lines of research, and smart libraries, digital 

preservation, and blockchain are all technologies leading 

towards knowledge management systems. 
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V. DISCUSSION 

The synthesis described above shows that the field of 

knowledge organization is transforming from one based on 

human curation and classification into a hybrid that involves 

controlled vocabularies, ontologies, and automatic semantic 

annotation together (Saumure & Shiri, 2008; Zeng & Mayr, 

2019; Obi, 2026). The hybridization is supported by the 

observation that although knowledge organization is 

acquiring new directions and focuses, for example metadata 

and linked data, traditional approaches such as faceted 

classification and thesaurus construction still play a dominant 

role (Saumure & Shiri, 2008). It seems that instead of 

eliminating traditional schemes, semantic web technologies 

are extending their range of action by making them  

machine-executable and inter-institutional. 

There seems to be much potential for artificial intelligence in 

the field of cataloguing and metadata creation; however, there 

are some limitations. Reviews indicate positive attitude 

towards the use of artificial intelligence in cataloguing; 

nevertheless, the same reviews state that evidence of the 

effectiveness of AI algorithms in comparison with humans is 

limited (Obi, 2026). In addition, the lack of such evidence 

makes it clear that institutions that adopt AI metadata tools 

will require human involvement in the process, especially in 

cases when automated systems work with culturally sensitive 

materials, as mentioned in literature (Obi, 2026; Munshi et 

al., 2025). 

From an architectural perspective, the transition from the 

previous digital library structures to Library 4.0 and 5.0 

frameworks appears to align with the wider trend towards 

cloud computing, immersive technology use, and 

decentralized verification systems (Alzahrani et al., 2025; 

Farkhari et al., 2024). The scientometric analysis reveals, 

however, that there is a disconnect between the theoretical 

elaborations and actual implementations of these 

architectures; indeed, the disparity in question seems to mark 

the major challenge of the next decade (Xu et al., 2025). 

Institutions facing resource limitations may rely on  

step-by-step development, focused on semantic enhancement 

and interoperability rather than on immersive or blockchain 

infrastructure, as a more realistic way forward (Ma et al., 

2025; Xu et al., 2025). 

The topic of digital preservation and institutional repository 

sustainability comes up repeatedly. The data that suggests 

that significant portion of scholarly output is under preserved 

highlights the fact that technological progress in knowledge 

management does not necessarily lead to sustainable access 

(Eve, 2024). The structured model of self-assessment for 

developing the strategy of preservation may help in achieving 

better results, but such approach presupposes steady 

allocation of resources in the form of staffing and 

governance, not just implementation (Barrueco & Termens, 

2025; Nyitray & Reijerkerk, 2021). 

Exploration into blockchain and other decentralized 

technologies provides another perspective in this shift. 

Unlike an approach to replace the existing infrastructure that 

underpins the organization of knowledge, blockchain 

implementations in library settings are better considered as 

attempts to solve particular issues such as integrity of records, 

provenance, and management of rights (Ma et al., 2025; Ma 

et al., 2025; Adel, 2022). Factors such as the attitude of 

librarians, including their optimism about the technology and 

their feeling uncomfortable about the unknown technology, 

seem to influence the adoption process equally with its 

feasibility (Ma et al., 2025). 

These results together confirm the multi-layered conceptual 

framework outlined in the methodology, wherein a data 

acquisition layer is followed by a knowledge organization 

layer based on proven and new vocabularies, further 

enhanced by artificial intelligence and semantic annotation, 

integrated through linked data techniques, and finally 

exposed to users through discovery and personalization 

services. Such a multi-layered framework supports an 

approach where institutions can implement the bottom layers 

using proven knowledge organization practices, while slowly 

incorporating semantic enhancement and interoperability 

according to their own capabilities, without the need for 

transformations throughout all the layers at once (Zeng & 

Mayr, 2019; Xu et al., 2025; Obi, 2026). The future of Study 

in this area will profit greatly from longitudinal empirical 

investigations into institutional implementation of  

multi-layered frameworks, along with comparative analysis 

of the quality of metadata produced by AI-driven and  

human-curated processes (Obi, 2026; Munshi et al., 2025). 

VI. CONCLUSION 

This study explored the future trends shaping knowledge 

organization and digital library development through a 

structured analysis of literature published between 2000 and 

2026. The findings demonstrate that digital libraries are 

moving beyond traditional classification and metadata 

practices toward intelligent, interconnected, and adaptive 

knowledge environments. Six major trends were identified, 

including the advancement of knowledge organization 

systems, semantic web and linked data technologies, artificial 

intelligence-based automation, smart library frameworks, 

digital preservation strategies, and emerging decentralized 

technologies. The analysis confirms that these technologies 

enhance information discovery, interoperability, automation, 

and user personalization while introducing challenges related 

to metadata reliability, ethical AI implementation, 

sustainability, and professional adaptation. 

The proposed multi-layer framework highlights the 

importance of integrating data management, semantic 

representation, intelligent processing, interoperability 

mechanisms, and user access services within future digital 

library architectures. Rather than replacing human expertise, 

emerging technologies are expected to support librarians and 
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knowledge professionals by improving efficiency and 

enabling advanced information services. Future 

investigations must prioritize empirical assessments of  

AI-generated metadata accuracy, granular implementation 

roadmaps for Library 5.0 frameworks, longitudinal 

preservation cost models, and standardized ethical 

governance mechanisms. Overall, the future of knowledge 

organization will depend on achieving a balance between 

technological intelligence, human judgement, 

interoperability, and long-term accessibility of digital 

knowledge resources. 
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