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ABSTRACT

Objective: Libraries provide relevant and reliable information through digital catalogs.

However, in traditional catalogs, data are neither connected nor shared on the Web.
Thus, it is necessary to modernize them by using conceptual models, such as the
IFLA Library Reference Model (LRM), and semantic formats for interoperability on the
Web. Therefore, this research aims to discuss catalog modeling guided by the LRM
and the use of Schema.org. Method: This study employs a qualitative approach and,
in terms of objectives, is exploratory and descriptive. Conclusions: The LRM guides
modeling by considering alignment with standards within the scope of Linked Open
Data. In this context, Schema.org is a viable semantic vocabulary that can be applied
to the bibliographic domain, enabling the integration of catalog data with the Web.

Keywords: Digital Catalogs. IFLA Library Reference Model. Schema.org. Semantic
enrichment.

1 INTRODUCTION

In the context of libraries, digital catalogs are important tools for the search
and retrieval of information resources, standing out as reliable and relevant sources.
However, the methods used to organize this information are outdated in light of new
technologies and the way information is currently made available, especially on the
Web.

In general, relationships are not established between bibliographic records in
catalogs, nor with external sources. In this regard, Serra and Santarém Segundo
(2021) highlight that by replicating or creating records for their catalogs, institutions
end up forming a data silo. The authors observe that the absence of connections
between the collection items themselves exacerbates this problem, generating “silos

within the silo” (Serra; Santarém Segundo, 2021).
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Certainly, this scenario is unfavorable for libraries, given the significant effort
invested in the processing of information resources to create high-quality metadata.
In light of this, to meet the needs and expectations of contemporary users and
facilitate the effective use of catalogs, it is essential that these tools be updated and
adapted to new demands.

In this context, conceptual models play a fundamental role in the efficient
structuring of systems, providing a solid foundation for the organization of complex
structures. The IFLA Library Reference Model (LRM) is a high-level conceptual
model that aims to guide the formulation of cataloging rules and the implementation
of bibliographic systems (Riva; Bceuf, Zumer, 2017). The model provides a
comprehensive conceptual framework and proposes to facilitate data reuse,
considering applications in Linked Open Data (LOD). Arakaki (2020) points out that
the instantiation of the model and the possibility of creating namespaces can facilitate
mapping with metadata standards.

From this perspective, the use of semantic vocabularies is essential to enable
the integration and reuse of data on the Web. To achieve this goal, one alternative is
the use of Schema.org, a semantic vocabulary developed by major search engines.
Data structured with this vocabulary are enriched, facilitating interpretation, record
retrieval, and connection with other information sources.

Although several studies have addressed different aspects of catalog
modernization, there is still a significant gap in the literature regarding the association
between the LRM and semantic vocabularies, such as Schema.org. In view of this,
adopting a qualitative approach and descriptive and exploratory research, this article
aims to discuss bibliographic data modeling guided by the LRM, as well as the use of
Schema.org for the modernization of digital catalogs. According to Gil (2008),
exploratory research allows for the study of themes from various angles and aspects;
this type of research is conducted especially when the chosen themes are under-
explored.

This article is organized into five main sections. In addition to this introduction,
which presents the context, objectives, and nature of the research, the second
section addresses the IFLA Library Reference Model, describing the model's main

features. The third section discusses the main aspects of Schema.org. The fourth
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section deals with rich results, discussing how structured data can generate enriched

outputs. Finally, the fifth section presents the conclusions.

2 IFLA LIBRARY REFERENCE MODEL

The IFLA Library Reference Model (LRM) is a high-level entity-relationship
model developed from the Functional Requirements (FR). These include the
following conceptual models: Functional Requirements for Bibliographic Records
(FRBR), focused on bibliographic records; Functional Requirements for Authority
Data (FRAD), specialized in authority records; and Functional Requirements for
Subject Authority Data (FRSAD), for subject records (Riva; Beeuf; Zumer, 2017).
Since these models originate from distinct viewpoints, relevant aspects were
harmonized in the LRM, resulting in a more cohesive and comprehensive conceptual
framework.

According to Riva, Beeuf, and Zumer (2017), the functional scope of the IFLA
LRM is based on generic tasks performed by end-users and intermediaries, namely:
Find, Identify, Select, Obtain, and Explore. The ‘Find’ task refers to meeting search
criteria; ‘Identify’ concerns the ability to distinguish between similar resources;
‘Select’ refers to the suitability of the found resources regarding user preferences;
‘Obtain’ deals with accessing the resource; and, finally, ‘Explore’ concerns the
discovery of resources based on the context and the relationships between them.

The main elements comprising the IFLA LRM are entities, attributes, and
relationships. Entities are characterized as classes, attributes provide meaning to
entity instances, and relationships represent the connection between them, providing
context (Riva; Boeuf; Zumer, 2017). Table 1 presents the IFLA LRM entities, their

hierarchies, and definitions.

Table 1-IFLA LRM entities, hierarchy, and definitions

Entity Hierarchy Definition
LRM-E1: Res Top Level Any entity in the universe of
discourse.
LRM-E2: Work Second Level The intellectual or artistic
content of a distinct creation.

Ciénc. Inf. Express | Lavras, MG | v. 6] 2025. DOI: https://doi.org/10.60144/v6i.2025.133.
) G|


https://doi.org/10.60144/v6i.2025.133

Ciéncia da Informacao Express

LRM-E3: Expression

Second Level

A distinct combination of signs
conveying intellectual or artistic
content.

LRM-E4: Manifestation

Second Level

A set of all carriers that are
assumed to share the same
characteristics as to intellectual
or artistic content and aspects of
physical form.

LRM-E5: Item

Second Level

An object or objects carrying
signs intended to convey
intellectual or artistic content.

LRM-E6: Agent

Second Level

An entity capable of deliberate
actions, of being granted rights,
and of being held accountable
for its actions.

LRM-E7: Person

Third Level

An individual human being.

LRM-ES8: Collective Agent

Third Level

A gathering or organization of
persons bearing a particular
name and capable of acting as a
unit.

LRM-E9: Nomen

Second Level

An association between an
entity and a designation that
refers to it.

LRM-E10: Place

Second Level

A given extent of space.

LRM-E11: Time-span

Second Level

A temporal extent having a
beginning, an end and a
duration.

Table 1 presents all the entities of the model. The top-level entity is Res, which
has the following subclasses: Work, Expression, Manifestation, Item, Agent, Person,
Collective Agent, Nomen, Place, and Time-span. The relationships between the main

entities of the model are illustrated in Figure 1.

Source: Riva, Beeuf and Zumer (2017).
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Figure 1 -Relationships between Work, Expression, Manifestation, and

WORK

G orealized through
realizes

EXPRESSION

is embodied in
embodies

MANIFESTATION

is exemplified by
exermplifies

ITEM

ltem

Source: Riva; Boeuf and Zumer (2017, p. 83).

As illustrated in the figure above, cardinality is indicated by the arrowheads; a
single arrowhead signifies a cardinality of one (1), while a double-headed arrow
indicates a cardinality of many (M). Thus, it is understood that a Work is realized
through one or more Expressions; an Expression is the realization of only one Work;
an Expression can be embodied in more than one Manifestation; and a Manifestation
can be exemplified by one or more Items, which represent only one Manifestation. In
other words, a Work is the intellectual or artistic creation idealized by an individual or
organization; an Expression is the realization of this Work, which can be expressed in
different formats and languages; and a Manifestation is the materialization of the
Expression into one or more Items, in physical or digital format, for example.

The IFLA LRM was designed for the context of the Semantic Web, aiming to
provide meaning to data and facilitate interpretation by computational systems. Thus,
the model enables the implementation of more efficient bibliographic systems,
reducing ambiguity and allowing for the assignment of namespaces for Linked Open
Data (LOD) applications (Riva; Beeuf; Zumer, 2017).
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In addition to data linking, it is essential to consider the discovery of such data
on the Web. The Statement of International Cataloguing Principles (ICP) highlights,
in principle 2.10, the use of vocabularies that facilitate automatic translation and
disambiguation to promote data exchange and discovery tools (Galeffi et al., 2016).

Thus, connecting data and using semantic vocabularies provide context to the
description process and create connections that can lead to serendipity, while
simultaneously streamlining retrieval. To this end, standardizing data according to
vocabularies recognized by search engines is essential. From this perspective, the
next section discusses Schema.org, a semantic vocabulary that promotes data

discovery on the Web.

3 SCHEMA.ORG

Schema.org was developed by the search engines Google, Microsoft, Yahoo,
and Yandex. It is a collaborative, community-based initiative aimed at creating,
maintaining, and providing a set of schemas for structured data, with the goal of
optimizing information interpretation and retrieval by Web search engines
(Schema.org, 2024a). Currently, the vocabulary is in version 28.0 and has been
widely adopted across the Web. As indicated by the official Schema.org website, it is
estimated that in 2024, more than 45 million pages have adopted the set of schemas.
According to Schema.org (2024a), the adoption of a common vocabulary facilitates
schema selection and the achievement of optimal results for webmasters and
developers.

The vocabulary is composed of a set of 'types' or 'classes’, associated with a
set of properties. Figure 2 illustrates a part of the main hierarchy, presenting the

subclasses of the Thing and CreativeWork classes.
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Figure 2 -Main hierarchy of Schema.org
¥ Thing -
P Action+
» BioChemEntity +

¥ CreativeWork -

AmpStory

ArchiveComponent
P Article +

* Atlas

* Blog

» Book +

* Certification

* Chapter

* Claim

P Clip +

Source: Schema.org (2024c).

These elements are organized hierarchically, with Thing being the top-level
class, which includes the subclasses: Action, BioChemEntity, CreativeWork, Event,
Intangible, MedicalEntity, Organization, Person, Place, Product, and Taxon. All
classes inherit properties from the superclass and possess their own specific
subclasses and properties. There is also a parallel hierarchy of data types, which
defines the types of values that can be specified for properties. Figure 3 illustrates

the hierarchy for data types.
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Figure 3- Hierarchy of data types
DataTypes:

Close hierarchy il Open hierarchy
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¢ Date
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¥ Text -
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®* URL
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Source: Schema.org (2024c).

The hierarchy includes the following data types: Boolean, with the values false
and true, expressing two types of conditions or states; Date, which includes dates in
the I1ISO 8601 format (year-month-day); DateTime, representing the combination of
date and time; Number, for numeric values, including specific types such as Float
and Integer; Text, representing values in text format; and Time, used to express
specific times.

Hitzler (2021) highlights that Schema.org, as well as ontology modeling
applications and Wikidata, emerged within the context of the Semantic Web, aiming
to facilitate data sharing, discovery, integration, and reuse. Thus, Schema.org can be
considered one of the examples of results stemming from various studies on the
realization of the Semantic Web. The vocabulary is compatible with semantic formats
recommended by the World Wide Web Consortium (W3C), such as Resource
Description Framework in Attributes (RDFa), Microdata, and JavaScript Object
Notation for Linking Data (JSON-LD).The use of these formats enables search
engines to better understand the content and context of the information, providing

more satisfactory search experiences.
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4 RESULTS

Structured data are fundamental for search engines to crawl, interpret, and
classify content available on the Web. Google, for example, recommends the use of
Schema.org. Many of the vocabulary elements are not essential for Google Search,
but may be useful for other search engines, services, and platforms (Google Search
Central, 2024b).

Schema.org facilitates the integration and opening of data on the Web,
allowing, for example, the inclusion of structured data in the Knowledge Graph. This
database organizes and relates facts about entities, using information from reliable
sources (Google, 2024). Thus, data can be retrieved as enriched fragments, called
'rich snippets'; that is, they can be retrieved as enriched results with additional
information and visual elements. This approach not only improves the quality of
information but also provides a richer and more informative experience, offering the
user relevant contextual information, such as historical data, biographies, and
connections between themes.

In this context, Wallis (2022) highlights that Schema.org is an open Linked
Data vocabulary for the Web, based on the Resource Description Framework (RDF),
which facilitates interoperability and the integration of structured data across different
platforms. To ensure data are retrieved by search engines, they can be embedded
directly into a page's HTML code using JSON-LD, RDFa, or Microdata formats. The
JSON-LD format is the most recommended, as it separates structured data from the
HTML, facilitating maintenance and development. In contrast, RDFa and Microdata
integrate information directly into the HTML code via specific attributes (Google
Search Central, 2024Db).

As a generic vocabulary, Schema.org can be used in diverse contexts, as
evidenced by its application in distinct platforms: Pinterest applies tags to implement
‘Rich Pins’ (Pinterest, 2024); Facebook enriches shared links (Meta, 2024); and
Amazon employs structured data to interpret and respond to user queries via Alexa
(Amazon, 2023). In the academic context, recent research has explored the

vocabulary for representing research data (Wu et al., 2022; Payne; Verhey, 2022;
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Alrashed et al., 2021; Silva, 2020), in the area of e-commerce (Belz, 2022; Kejriwal et
al., 2021; Peeters et al., 2020), and for social networks (Jones et al., 2021; Tomoyse;
Santos; Simionato, 2019; Garcia; Gil, 2019), among other fields of study.

In the bibliographic domain, Schema.org has been applied for the semantic
enrichment of catalog data, as evidenced by the studies of Wallis (2023) and Godby
(2016). Adapting the data model used in catalogs can establish communication with
the Web. Opening data can facilitate both integration with other datasets in
Knowledge Graphs and the retrieval of bibliographic records directly on the search
results page. From this perspective, the next section discusses Schema.org in the

context of libraries.

4.1 Results for Bibliographic Resources

To ensure interoperability and the efficient integration of catalog data on the
Web, it is essential to adopt an appropriate reference model. The LRM is an
internationally recognized model, developed considering data reuse in the context of
Linked Open Data and integration with semantic applications. Riva, Bceuf, and
Zumer (2017) explain that the current landscape has changed since the original
creation of the FRBR model, bringing new demands, especially regarding data reuse
in Semantic Web applications (Riva; Boeuf; Zumer, 2017).

The model provides a detailed approach to the representation of various types
of resources, establishing connections between entities and attributes within a
domain. As Arakaki (2020) highlights, the semantic viability of attributes depends on
the definition of the metadata that instantiate the model; that is, metadata will shape
the structure proposed by the IFLA LRM, which should serve as a basis for the
creation of representation tools, such as standards and cataloging codes.

From this perspective, the Schema.org data model is broad and flexible,
assigning meaning to data. The vocabulary's versatility enables its application in
distinct contexts. Thus, if applied to catalog data, records can be retrieved in
response to a Google search, for example. Furthermore, the results may display
purchase or borrowing options. Structured data aligned with the Schema.org

vocabulary enable the retrieval of results similar to those presented in Figure 4.
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As shown in Figure 4, a search was performed for the book Wuthering Heights
by the author Emily Bronté, and the structure presented in the image was displayed
directly on the results page. The available options include: overview, characters,
reviews, more information about the author, videos, and the option to buy the book.
Additionally, the content description, reviews, store suggestions for purchase, and
the option to borrow from a library are displayed. The ‘borrow’ option is activated by
selecting ‘buy book’, providing a field (highlighted in red in the figure) for the user to
enter their ZIP code and check if the item is available at a nearby library.

These features can be enabled by following Google guidelines. In the case of
the borrowing option, it is necessary to create a data structure called a 'feed’, in
JSON-LD, Microdata, or RDFa formats, and use the properties defined by
Schema.org (Google Search Central, 2024a). Figure 5 illustrates an example of a

JSON-LD feed for 'BorrowAction', which enables the borrowing option.

Figure 5 -BorrowActionfeed

s://en.wikipedia.org/wiki/The_Catcher_in_the_Rye",

com/edition/the_catcher_in_the_rye_paperback”,

Book-related actions enable users to discover authors and books and find

where they can access them, whether through purchase or borrowing. The
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'ReadAction' specification, from Schema.org, enables the purchase option, while
'‘BorrowAction' enables borrowing (Google Search Central, 2024a). In addition to
these specifications, it is necessary to create a feed with the indicated properties for
the Library entity and another for the Book entity.

In the context of search engines and Schema.org, a “work” is considered a
tangible object that can be accessed and acquired by the user. As described in
Schema.org (2024b), “[...] something may be simultaneously a Book and a Product
and be usefully described with properties from both types.”

In the library domain, Schema.org was implemented in the WorldCat catalog,
managed by the Online Computer Library Center (OCLC). In this context, the
vocabulary was aligned with the conceptualizations of FRBR. As described by Godby
(2016), OCLC experts considered structuring the CreativeWork class into RDF triples
to build a semantic model for WorldCat data. The class includes metadata for the
description of books, articles, scholarly works, paintings, sculptures, manuals,
photographs, musical recordings, films, series, games, among others.

It is possible to visualize the results of OCLC's work in practice. Catalog
records can appear directly on the search results page, enriched with additional
information. Since results are dynamic, the manner in which they are displayed may
vary depending on the time of the search. Figure 6 presents a snapshot of the same
display format presented previously in Figure 4, and includes the recommendation

(highlighted in red) for the user to access WorldCat.

Fi
Pegar e-book emprestado

ure 6 -Borrowing option in a search result

Verifique a disponibilidade nas bibliotecas perto de vocé

As shown in Figure 6, upon entering "Sao Paulo, SP" in the search field, a

message is displayed stating that no results were found for the searched resource.
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However, the message suggests updating the ZIP code or searching for the book
directly on WorldCat. Thus, even if the search does not return results originating from
the catalog, the user is directed to it, allowing them to explore the collections and
discover other resources of interest.

Still regarding the application of Schema.org in the context of libraries, a more
recent initiative presented at the 2023 LD4 Conference on Linked Data is also
noteworthy. At this conference, Richard Wallis, one of the main contributors to
Schema.org, exposed the data structuring project developed for the National Library
Board Singapore. During his presentation, Wallis addressed how linked data were
implemented using Bibframe at the National Library Board (NLB) — a government
institution whose mission is to promote reading, develop information literacy, and
stimulate knowledge about Singapore's history and cultural heritage (National Library
Board, 2024).

According to Wallis (2023), Schema.org played a fundamental role in the
development of the data model in the NLB project. The adopted strategy involved
aligning data in MARC-XML, DC-XML, and CSV with Bibframe, allowing for the
preservation of both the integrity and detail of bibliographic records. In parallel,
Schema.org was implemented for entity description, which optimized their discovery
and interpretation by search engines. The author reports that the obtained results
demonstrated the success in transforming and integrating NLB data into a structured
format, making them suitable for analysis and exploration in Knowledge Graphs on
the Web (Wallis, 2023).

When a domain is modeled based on appropriate reference models, such as
the LRM or FRBR, and structured using semantic formats and vocabularies like
Schema.org, it enables the integration of library data into rich search results. By
accessing these structures, search engines can interpret the context and meaning of
the data, making information retrieval more precise and relevant. Thus, libraries can
connect their collections to a broader network.

The LRM presents advancements over FRBR, making it more aligned with the
current requirements of open data and semantic applications. This characteristic of

the model can facilitate mapping with the Schema.org vocabulary.
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5 CONCLUSIONS

The LRM provides the basis for a consistent conceptual framework, offering
context to bibliographic data and enabling the establishment of relationships between
them. Beyond promoting these connections, it is essential that data be structured
according to recommended Web formats and vocabularies, aiming to open up
catalogs and integrate them with other data. In this way, resources can be found by
users with greater ease.

It is posited that catalog modeling based on a conceptual model like the LRM,
in alignment with semantic vocabularies such as Schema.org, can establish a
comprehensive and flexible structure for the representation and sharing of catalog
data on the Web. Thus, while the LRM promotes a consistent conceptual framework,
Schema.org enables the integration and discovery of such data by search engines.

The results observed regarding OCLC's work demonstrate the effectiveness of
applying semantic technologies in the library context. Therefore, these examples can
inspire and guide the modernization of services and information processing in
Brazilian libraries, highlighting the importance of adopting innovative approaches to
enhance the connection, openness, and discovery of records on the Web.

Thus, this article presented an initial overview of the LRM and Schema.org
topics. The research conducted provides a foundation for future studies, enabling in-
depth investigation into how Schema.org metadata can be effectively integrated and

mapped according to LRM guidelines.
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