Vol. 04 No. 01. July-September 2025 Advance Soctal Science Archive Journal

Available Online: https://assajournal.com
Vol. 04 No. 01. July-September 2025.Page#.2180-2192
Print ISSN: 3006-2497 Online ISSN: 3006-2500
Platform & Workflow by: Open Journal Systems

A Systematic Review of Linked Data and RDF Adoption in Libraries: Benefits, Challenges and
Best Practices
Saira Hayat
Librarian, Govt. Associate College for Women Bhagtanwala, Sargodha, Pakistan
sairaalvi.hayat13@gmail.com
Dr. Nosheen Fatima Warraich
Institute of Information Management, University of the Punjab, Lahore, Pakistan
nosheen.im@pu.edu.pk
Muhammad Nadeem Akhtar (Corresponding Author)
Head, Main Library & IT Department, Ayub Agricultural Research Institute, Faisalabad, Pakistan
ch.nadeem@aari.punjab.gov.pk
Sidra Batool
Technical Librarian, Ayub Agricultural Research Institute, Faisalabad, Pakistan
sidra.batool@aari.punjab.gov.pk
Ferhana Saeed Hashmi
Lecturer, School of Information Management, Minhaj University Lahore, Punjab, Pakistan

ferhana.lis@mul.edu.pk
ABSTRACT
The integration of Linked Data and the Resource Description Framework (RDF) has significantly
transformed library cataloging and metadata management, promoting best practices for
publishing structured data on the web. This systematic review explores the adoption rates,
benefits, challenges, and best practices associated with Linked Data and RDF in libraries. It
highlights the enhanced data interoperability and accessibility provided by RDF, which
surpasses traditional systems like MARC. The review underscores the importance of RDF's
flexible framework in representing complex bibliographic relationships, thus improving data
integration and user discovery. However, adopting Linked Data and RDF involves challenges
such as the complexity of cataloging, the need for tools and expertise, and the absence of
standardized languages and ontologies. Ensuring data quality and compliance with national
legislation further complicate implementation. To maximize benefits, libraries must adopt
effective standards and best practices, such as using well-established ontologies like
schema.org and Dublin Core, and providing Linked Data in various RDF serializations. Best
practices include creating mappings from individual vocabularies to universal standards, and
enriching metadata using external Linked Data sources. The review also examines the impact of
Linked Data on library workflows and user discovery, noting improved cataloging efficiency and
enhanced user experiences through interconnected and contextually relevant search results.
Despite the significant benefits, challenges such as technical complexity, legal and ethical
issues, and financial constraints remain. Future research should focus on developing robust
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standards, exploring innovative tools, and addressing the legal and ethical implications of
Linked Data adoption in libraries.

Keywords: Linked Data; RDF; Metadata; Interoperability; Ontologies; Dublin Core; Metadata
Enrichment.

1. Introduction

The adoption of Linked Data and the Resource Description Framework (RDF) has transformed
library cataloging and metadata management. Linked Data promotes best practices for
publishing structured data on the web, making data more interconnected and useful (Gandon
et al., 2011). RDF is a standard model for data interchange on the web, describing resources
and their relationships using triples (subject-predicate-object) (Miller, 2001). The significance of
Linked Data and RDF in libraries lies in enhancing data interoperability and accessibility.
Traditional systems like MARC are limited in flexibility and integration. RDF provides a flexible
framework for representing complex relationships and structures within bibliographic data,
facilitating better data integration and sharing (Candan et al., 2001; Gandon et al., 2011).
Libraries recognize Linked Data's potential to improve cataloging processes and user discovery.
By converting traditional records into RDF-based models, libraries create a more
interconnected web of information, aiding data retrieval and supporting metadata
transparency and exchange (Alemu et al., 2012).

1.1 Exploring Adoption Rates, Benefits, Challenges, and Best Practices

This systematic review explores the adoption rates, benefits, challenges, and best practices of
Linked Data and RDF in libraries. It provides an overview of the current state of adoption,
highlighting key benefits and challenges and identifying best practices and standards for
implementation.

Linked Data and RDF offer numerous benefits. One major advantage is increased exposure and
accessibility of library data. By making metadata publicly available and linking it with other data
sources, libraries enhance visibility and resource discoverability (Alemu et al., 2012: Daquino,
2021). Linked Data can enrich library data with links to non-library sources like Wikipedia,
offering a comprehensive view of resources (Wang & Yang, 2018: Xie et. al, 2007). Another
significant benefit is facilitating the serendipitous discovery of information. Linked Data
connects libraries to various databases, allowing users to uncover relevant material through
unexpected sources (Hallo et al., 2016), similar to browsing physical shelves.

However, adopting Linked Data and RDF also presents challenges. Cataloging with these
technologies is complex, requiring tools and expertise to convert existing metadata to RDF,
which can be resource-intensive (Miller, 2001). The absence of standards and the proliferation
of multiple languages and ontologies can hinder interoperability (Hannemann & Kett, 2010).
Data quality and control are critical challenges. Ensuring the quality and accuracy of linked data
sets is essential. Comprehensive procedures for data quality control and improved querying
interfaces are necessary (Candela et al., 2022). Moreover, ownership, control of data, and
compliance with national legislation complicate implementation (Abdelaziz & Kaffas, 2017). To
address these challenges and maximize benefits, libraries must adopt effective standards and
best practices. Using well-established ontologies like schema.org and Dublin Core ensures data
reuse and interoperability (Baker, 2012). Providing Linked Data in various RDF serializations,
such as RDF/XML and Turtle, ensures accessibility across different systems (Sprochi, 2016).

1.2 Best Practices and Standards for Linked Data and RDF
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Several best practices and standards facilitate Linked Data and RDF adoption in libraries.

Creating mappings from individual vocabularies to universal standards bridges the gap between

bespoke and standardized vocabularies, enabling better data integration (Possemato, 2018).

User feedback is critical in developing Linked Data tools; prototypes should be adjusted based

on user testing to improve usability and effectiveness (Page et al., 2019: Joshi et. al, 2024).

Enriching metadata using external Linked Data sources, such as Wikidata and LCSH, enhances

catalog discovery and user experience (Candan et al., 2001). The transition to Linked Data

impacts cataloging workflows and user discovery. Initiatives like Linked Data for Production

(LD4P) aim to transition traditional workflows to a Linked Data-based approach, enhancing the

BIBFRAME ontology to express bibliographic information in RDF (Williams, 2021). Adopting

Linked Data in libraries has improved user discovery by providing interconnected and accessible

information. Creating author and subject pages that combine data from internal and external

sources enhances user experience and engagement (Kalita & Deka, 2021: Ebenhoch 2001).

1.3 Objectives

The primary objectives of this systematic review are as follows:

Objective 1: Determine the adoption rates of Linked Data and RDF in libraries.

This objective aims to assess how widely Linked Data and RDF technologies have been adopted

in libraries. Understanding adoption rates will help identify trends, gaps, and areas for

improvement.

Objective 2: Define effective standards and practices.

This objective focuses on identifying and defining the standards and best practices that libraries

can follow to implement Linked Data and RDF effectively. This includes exploring the use of

established ontologies, RDF serializations, and data quality control measures.

Objective 3: Examine the impact on library cataloging workflows and user discovery.

This objective aims to analyze how the adoption of Linked Data and RDF impacts library

cataloging workflows and enhances user discovery. It will explore the changes in cataloging

practices and the improvements in data accessibility and user engagement.

1.4 Research Questions

The systematic review will address the following research questions:

1. What are the current adoption rates of Linked Data and RDF in libraries?

2. What benefits and challenges are associated with the adoption of Linked Data and RDF?

3. What best practices and standards exist for implementing Linked Data and RDF in library
cataloging?

4. How do Linked Data and RDF impact library cataloging workflows and user discovery?

2. Methodology

This study will use a systematic review methodology to analyze the existing literature on Linked

Data and RDF adoption in libraries. A systematic review involves a structured process for

identifying, evaluating, and synthesizing relevant research studies.

2.1 Data Collection

The data collection process will involve searching electronic databases such as IEEE Xplore,

ACM Digital Library, SpringerLink, and Google Scholar using specific keywords related to Linked

Data, RDF, library cataloging, and metadata standards. Inclusion and exclusion criteria will

ensure that only relevant and high-quality studies are included.

2.2 Data Sources and Search Criteria:
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The review was based on extensive literature analysis, utilizing databases such as IEEE Xplore,
ACM Digital Library, SpringerLink, and Google Scholar. The selection phase was two-fold:
initially, the general keyword "metadata" was used to gather a wide variety of publications. The
search was then refined to include specific keywords related to Linked Data, RDF, library
cataloging, and metadata standards.

Inclusion and Exclusion Criteria
The inclusion criteria were:

e Research articles (primary sources)

e Studies involving the experience of individuals in library science
e Publications covering at least two research questions of the study
« Articles published in English

Exclusion criteria were:

« Non-English language publications
« Studies focusing solely on challenges or issues without addressing solutions or strategies

Figure 1: Inclusion and Exclusion Criteria
2.3 Search Strategy and Keywords
A broad search strategy was employed to maximize relevant literature identification. The
following Boolean operators and keywords were used:
e ("Linked Data" OR "RDF" OR "library cataloging" OR "metadata standards") AND
("interoperability" OR "data integration" OR "user discovery")
e Specific databases searched included ACM Digital Library, SpringerLink, and Google
Scholar. In Scopus, the query was run in title, abstract, and keywords fields.
The search was restricted to journal papers, including survey (questionnaire), meta-analysis,
case studies, opinion piece and proceedings from the last 14 years (2010-2023). Of the
resulting papers, 10 out of 51 papers were randomly selected for further analysis. The analysis
involved extracting relevant information from the selected studies and summarizing key
findings. Comparative tables were used to highlight benefits, challenges, best practices, and
impacts reported in different studies. This comparative approach helped identify common
themes, trends, and gaps in the literature.
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Records identified in IEEE Xplore, ACM, SpringerLink, Google Scholar (n=51)
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| Records removed before screening: Duplicates (n=20) |

1
| Records screened (n=31) |
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| Records not retrieved (n=2) | | Re°°rdsa“fjii‘;)f°re"g‘b"‘“’ |
v N\
| Studies included for review (n=10) | | Full text excluded (n=9)
Figure 2: Study selection flow diagram
3. Results
3.1 Overview of selected studies
Table 1: Selected Studies Analysis
Sr. Study Country  Journal Method Target Sample
no. Population
1 Nwakaego, Nigeria Internation | Survey Library and @ 71 responses
(2023) al Journal (Questio @ Information
of nnaire) professional
Intelligent S
Informatio
n Systems
2 Hallo et al. | Ecuador | Journal of | Meta- Digital No numerical sample
(2016) and Spain | Informatio | analysis | libraries size. Major national
n Science around the | digital libraries:
world National Library of
France, Europeana
Library, Library of
Congress, British
Library, and National
Library of Spain.
3 Alemu et United IFLA World = Concept  Libraries Not applicable
al. (2012) Kingdom  Library and ' ual and
Informatio standards
n Congress agencies
(UNIMARC
)
4 Ali and | Pakistan | The Meta- Libraries Not Applicable
Warraich, Electronic | analysis | and
(2018) Library Information
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5

Bowen
(2010)

USA

Byrne And Canada

Goddard
(2010)

Wang And USA

Yang
(2018)

Wahid

et | Pakistan

al. (2018)

Page et al. UK

(2019)

Proceeding
s of the
Internation
al
Conferenc
e on
Dublin
Core and
Metadata
Application
S

D-Lib
Magazine

Internation
al Journal
of

Librariansh

ip

Informatio
n and
Learning
Sciences

Digital
library
studies

Advance Social Science Archive Journal

Case
study
analysis
of the
eXtensibl
e Catalog
(XC)
software

Opinion
piece

Review
and
analysis
of the
achieve
ments
and
challeng
es of
libraries
in
adopting
Linked
Data
technolo
gies.
Extensiv
e review
from
several
database
S

Case
study

Centres
Libraries
and
information
centers that
need to
prepare
their
metadata
for use as
linked data
within the
Semantic
Web.
Libraries
and
librarians
Libraries
and
librarians

Information
professional
s in libraries
and
information
centers
Catalogers,
scholars,
and
researchers

Not applicable (the
study focuses on the
application and

implementation of XC
software rather than a
sample size for
empirical research)

Not Applicable

Not Applicable

Not Applicable

Over 9,200 Western
medieval manuscripts
described in the digital
catalog.
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10 Candela et Spain Journal of Research | Digital 4 libraries: Biblioteca
al. (2022) Informatio  article libraries Nacional de Espafia,
n Science implementi | Bibliotheque nationale

ng Linked de France, British
Open Data  National Bibliography,
principles. Biblioteca Virtual
Miguel de Cervantes
3.2 Benefits and Challenges of Linked Data and RDF
Linked Data and RDF technologies provide significant advantages for libraries, including
improved data integration, accessibility, and interoperability, enhancing library cataloging and
user engagement. However, their adoption also presents various challenges that need to be
addressed.
3.2.1 Benefits of Linked Data and RDF
Linked Data enables libraries to make their data freely available, fostering greater collaboration
and innovation, and benefiting both the academic community and the public by supporting
broader access to knowledge (Nwakaego, 2023). Improved metadata interoperability is another
significant benefit, as Linked Data facilitates the connection of disparate data sources, allowing
libraries to integrate their catalogs with external databases and leading to a broader scope of
available information (Hallo et al., 2016; Bowen, 2010).
RDF provides a structured framework for representing metadata, improving data consistency
and quality. By supporting better data integration and retrieval, RDF enhances user experiences
(Candan et al., 2001; Alemu et al., 2012). Enhanced user discovery is another critical advantage
of Linked Data, promoting serendipitous discovery by linking to a wide range of databases and
sources, allowing users to uncover relevant material through richer, interconnected catalogs
(Page et al., 2019).
Additionally, Linked Open Data (LOD) initiatives enable libraries to make their data publicly
available, supporting transparency and cross-institutional collaboration (Candela et al., 2022:
Pietriga et. al, 2018). These initiatives ensure that data can be reused and repurposed,
furthering the accessibility and utility of library resources.
3.2.2 Challenges of Linked Data and RDF
Despite these benefits, the adoption of Linked Data and RDF in libraries is accompanied by
several challenges. Technical complexity is a significant barrier, as implementing these
technologies requires substantial technical expertise and infrastructure. Many libraries face
difficulties in developing and managing RDF-based systems, which can impede their adoption
(Wahid et al., 2018; Ali & Warraich, 2018).
Conceptual shifts also present a challenge, as transitioning from traditional cataloging methods
to RDF-based models necessitates a fundamental change in data management practices (Alemu
et al., 2012). This shift can be difficult for library staff accustomed to traditional methods. Legal
and ethical issues further complicate the adoption process. Libraries must navigate complex
considerations related to data privacy, licensing, and intellectual property rights to ensure
compliance and protect user information (Candela et al., 2022; Bowen, 2010).
Financial costs are another significant challenge. Implementing Linked Data and RDF
technologies can be costly, particularly for libraries in developing countries. Limited funding
and resources can significantly hinder the adoption of these advanced technologies
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(Nwakaego, 2023; Byrne & Goddard, 2010). Finally, data quality control is crucial for the
successful implementation of Linked Data and RDF. Ensuring the quality and accuracy of linked
data sets requires comprehensive procedures for data quality control and improved querying
interfaces (Wang & Yang, 2018). Libraries must develop robust systems to manage and

maintain the quality of their data to realize the full benefits of Linked Data and RDF.
Table 2: Benefits and Challenges of Linked Data and RDF

Study Benefits Challenges

Nwakaego, Enhanced data sharing and openness  Lack of awareness and
(2023) infrastructure

Hallo et al. Improved metadata interoperability Technical complexity and data
(2016) and user discovery integration issues

Alemu et al. Conceptual shift to RDF-based models Difficulty in transitioning from
(2012) for better data representation traditional cataloging methods

Ali and  Broader scope of available | Technical barriers and need for

Warraich, (2018)
Bowen (2010)

information through linked datasets
Enhanced metadata interoperability

robust data management systems
Legal and ethical considerations

Byrne And Improved user discovery and Financial costs and resource
Goddard (2010)  engagement limitations
Wang And Yang | Facilitates data integration and Challenges in standardizing data
(2018) retrieval formats and ensuring consistency
Wahid et al. | Better data consistency and quality Lack of technical expertise and
(2018) infrastructure
Page et al. Linking of manuscript records with Complexity in mapping and
(2019) relevant datasets for improved reconciliation of data

research
Candela et al.  Support for data openness and reuse Legal issues related to data

(2022)

3.3 Best Practices and Standards for Linked Data and RDF
The integration of Linked Data (LD) and the Resource Description Framework (RDF) in libraries
has been guided by several best practices and standards as outlined in the literature. These
best practices and standards ensure that libraries can effectively implement and manage
Linked Data technologies to enhance data interoperability, improve metadata quality, and
support user discovery.

3.3.1 Best Practices for Linked Data and RDF

The adoption of standardized formats and protocols is crucial for ensuring data
interoperability. For example, the use of RDF for metadata representation supports consistency
across different datasets (Candan, Liu, & Suvarna, 2001). This standardization allows libraries to
integrate their catalogs with external databases effectively (Hallo et al., 2016). Implementing
established ontologies such as the Dublin Core, BIBFRAME, and Schema.org helps in achieving a
common understanding and structure of metadata. These ontologies provide a framework for
representing bibliographic information that can be universally understood and processed
(Bowen, 2010; Nwakaego, 2023). Maintaining high data quality is essential for the success of
Linked Data initiatives. This involves regular validation and cleaning of data to ensure accuracy

privacy and licensing
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and reliability. Tools like OpenRefine are commonly used for this purpose (Candela et al., 2022).
Ensuring that library staff are well-trained in Linked Data technologies is critical. This includes
providing training on RDF, SPARQL, and ontology development to build the necessary technical
skills for managing Linked Data projects (Ali & Warraich, 2018). Collaboration among libraries,
archives, and museums enhances the sharing of best practices and solutions to common
challenges. Initiatives like the CONTENT dm Linked Data Pilot highlight the importance of
community engagement in advancing Linked Data adoption (Hallo et al., 2016).

3.3.2 Standards

RDF is the fundamental standard for representing information about resources on the web. It
facilitates data merging even when the underlying schemas differ (Gandon et al., 2011). The
Dublin Core is a widely used ontology for describing resources, which ensures a common
framework for metadata creation (Bowen, 2010). The Bibliographic Framework Initiative
(BIBFRAME) provides a foundation for the future of bibliographic description, serving as a
replacement for the MARC formats to accommodate Linked Data principles (Nwakaego, 2023).
Schema.org offers a collection of shared vocabularies webmasters can use to mark up their
pages in ways that can be understood by major search engines and other organizations (Hallo
et al., 2016). Additionally, the Text Encoding Initiative (TEI) and the CIDOC Conceptual
Reference Model (CIDOC-CRM) are crucial standards. TEl provides guidelines for encoding
textual works, supporting interoperability in digital humanities projects, while CIDOC-CRM is
designed for museum data, ensuring the semantic alighment and integration of cultural
heritage information (Page et al., 2019).

Table 3: Best Practices and Standards for Linked Data and RDF

Study Best Practices Standards

Nwakaego (2023) Investment in training, collaborative efforts, data BIBFRAME, RDF
openness

Hallo et al. (2016) < Use of established ontologies, community < RDF, Schema.org

engagement, data quality control
Conceptual shift from traditional records to RDF-
based models

Alemu et al. (2012) RDF, Dublin Core

Ali & Warraich | Skill development, collaboration among institutions RDF, BIBFRAME

(2018)

Bowen (2010) Implementation of eXtensible Catalog, metadata Dublin Core
standardization

Byrne & Goddard | Adoption of Linked Data principles, enhancing RDF

(2010) discoverability

Wang & Yang Data quality control, improving metadata RDF

(2018) interoperability

Wabhid et al. (2018)
Page et al. (2019)

Candela et al.
(2022)

Overcoming technical challenges, ensuring legal and
ethical compliance

Layered approach to cataloging, using GitHub for
version control

Regular data validation, maintaining high data quality

RDF, Dublin Core
TEI, CIDOC-CRM,

RDF
RDF, OpenRefine
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3.4 Impact on Library Cataloging Workflows and User Discovery

The integration of Linked Data (LD) and Resource Description Framework (RDF) into library
cataloging workflows has revolutionized the way libraries manage, access, and utilize data. The
literature highlights several impacts on workflows and user discovery.

3.4.1 Impact on Workflows

The adoption of Linked Data and RDF has significantly streamlined cataloging workflows in
libraries. By standardizing metadata formats and enabling seamless data integration, libraries
can reduce redundancy and enhance efficiency. For instance, Linked Data facilitates the
automatic linking of bibliographic records with external datasets, minimizing manual entry and
reducing errors (Hallo et al., 2016). The implementation of RDF allows for more flexible and
dynamic metadata management, supporting more complex relationships between data entities
(Alemu et al., 2012).

Moreover, the transition to Linked Data requires libraries to adopt new tools and technologies,
which necessitates training and skill development among staff. This shift can initially pose
challenges but ultimately leads to more robust and agile cataloging systems. Libraries that have
embraced Linked Data report improved collaboration and data sharing across institutions,
further enhancing their workflows (Ali & Warraich, 2018).

3.4.2 Impact on User Discovery

Linked Data and RDF have profoundly impacted user discovery by enhancing the accessibility
and interoperability of library data. Users benefit from more comprehensive and
interconnected search results, as Linked Data enables the integration of diverse information
sources. For example, users can seamlessly navigate from a library’s catalog to related datasets,
digital archives, and external bibliographic records, enriching their research experience
(Nwakaego, 2023).

Additionally, Linked Data supports more sophisticated search capabilities, allowing users to
discover relationships between various data points that were previously hidden. This
interconnectedness facilitates serendipitous discovery, where users encounter relevant
information that they might not have explicitly searched for (Page et al., 2019). By providing
richer and more contextually relevant search results, Linked Data enhances the overall user
experience and promotes deeper engagement with library resources (Candela et al., 2022).
Table 1: Comparative Table

Study Impact On Workflows Impact On User Discovery
Nwakaego Challenges due to lack of infrastructure @ Limited user discovery capabilities
(2023) and expertise. due to low adoption rates.

Hallo et al.

(2016)

Alemu et al.

(2012)

Ali & Warraich

Enhanced efficiency through automatic
linking of bibliographic records.
Flexible metadata management
supports complex relationships.
Improved collaboration and data

Improved access to interconnected
data sources.

Enriched search experiences with
more relevant results.

Enhanced discovery  through

(2018) sharing across institutions. integration with external datasets.
Bowen (2010) Standardization of metadata formats Users benefit from consistent and
simplifies cataloging processes. reliable metadata.

Byrne & | Initial challenges in transitioning but Enhanced user engagement
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Goddard
(2010)

Wang & Yang
(2018)

Wahid et al.
(2018)
Page et al.
(2019)

Candela et al.
(2022)

leads to more agile systems.

Requires training and skill

development among staff.

Necessitates the adoption of new tools
and technologies.

Supports detailed scholarly
investigations through structured data
layers.

Regular validation and cleaning
improve data quality and reliability.

Advance Social Science Archive Journal

through interconnected catalogs.

Improved search capabilities with
richer and contextually relevant
results.

Limited by data quality control
issues.

Facilitates serendipitous discovery
of related information.

Users experience enhanced access
to high-quality, interconnected

data sets.
4. Conclusion
The integration of Linked Data and the Resource Description Framework (RDF) has transformed
library cataloging and metadata management by promoting best practices for publishing
structured data on the web, making it more interconnected and useful. RDF provides a flexible
framework for representing complex relationships and structures within bibliographic data,
facilitating better data integration and sharing. This systematic review highlights the significant
benefits of Linked Data and RDF adoption in libraries, including enhanced data interoperability,
improved metadata quality, increased data accessibility, and better user discovery. These
technologies have allowed libraries to create more interconnected information networks,
improving the discoverability and utility of their resources. However, challenges such as
technical complexity, the need for substantial expertise and infrastructure, legal and ethical
considerations, and ensuring data quality and consistency remain. To maximize benefits and
address challenges, libraries should adopt standardized formats and protocols, utilize
established ontologies, and invest in staff training and skill development. Collaborative efforts
and community engagement are also essential for advancing Linked Data adoption and
developing shared solutions to common challenges. In short, the adoption of Linked Data and
RDF offers substantial benefits for libraries but presents significant challenges that require
careful management. Effective implementation of these technologies can lead to more efficient
cataloging workflows, enhanced user discovery, and improved data interoperability (Ullah et.
al, 2018). Future research should focus on developing robust standards and best practices,
exploring innovative tools and technologies, and addressing the legal and ethical implications
of Linked Data adoption in libraries.
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