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Abstract
To provide a comprehensive overview of research related to the extension and
enrichment of Schema.org, thereby offering valuable insights to guide future
research for researchers, developers, and individuals interested in the field of
Schema.org extension. This study is a systematic review of the scoping review types.
Articles were retrieved from the Emerald, Science Direct, IEEE Xplore Digital
Library, Web of Science, and Scopus databases. The search was conducted using the
keywords "Schema.org" in the sources' title, keywords, and abstract. The search was
conducted in September 2023, and 725 articles were identified (Emerald: 5, Science
Direct: 256; IEEE Xplore Digital Library: 21, Web of Science: 148, and Scopus:
290). EndNote, a reference management software, was used to organize the studies.
Using EndNote, 90 duplicate articles were removed, and 592 articles were excluded
after reviewing the title and abstract because they were irrelevant to the research
objectives. Initial article selection was based on the inclusion and exclusion criteria.
The full text of the remaining articles was then reviewed, and the inclusion and
exclusion criteria were applied. As a result, five additional articles were excluded.
Finally, 38 articles were included in the scoping review. Previous research in
improvement, extension, and enrichment has focused on comparing and evaluating
Schema.org extensions in the thematic areas of education, medicine, e-commerce,
bibliography, tourism, and others. The number of attributes added to Schema.org in
the studies exceeds the number of classes. Content analysis, empirical research, and
literature review are among the most common methods used in Schema.org
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extension research. This review serves as a resource for Schema.org researchers and
developers and has practical applications for businesses that rely on optimizing their
online presence and visibility. Additionally, this review is expected to inspire further
innovation in the quest for a more accessible, understandable, and meaningful web.

Keywords: Schema.org, Structured Data, Knowledge Representation, Semantic Web, Data
Enrichment, Domain-Specific Extensions.

Introduction

In recent years, structured data on the web has become increasingly important. Leveraging
structured data for information exchange on the web is crucial in enhancing the visibility,
accessibility, and comprehension of digital content. schema.org, a standard for publishing
structured data on the web, was developed in 2011 by Google, Microsoft, Yahoo, and Yandex
and has since been supported by a wide community and used on millions of websites (Simsek,
Kérle, Holzknecht & Fensel, 2017). Schema.org (2021f) stands at the forefront as a
collaborative project that provides a standard vocabulary for web content markup. Schema.org
enhances the machine readability of metadata and serves as a foundation for search engines,
enabling them to understand better, categorize, search, discover, and display online information
(DiFranzo, Erickson, Gloria, Luciano, McGuinness & Hendler, 2014). In addition to search
engines, knowledge graphs, and intelligent agents are significant consumers of structured data
(Steinberger & FrieBer, 2019).

Previous research has explored various ways to improve, extend, and enrich the schema.
org vocabulary to suit the needs of specific domains better and enhance its applicability in
describing web data entities. by addressing the unique requirements and challenges of different
subject areas such as medicine, education, bibliography, e-commerce, and more, and these
studies have investigated various approaches to improve, expand, and enrich the schema.org
vocabulary. Since each of these domains has its own specific needs and challenges, the
schema.org used for generating structured data can effectively improve and optimize related
processes and structures, including enhancing service quality, increasing efficiency, facilitating
access to information, and standardizing processes. These studies have examined the adaptation
of the type and properties of schema.org used for generating structured data to other metadata
standards, as well as the expansion of schemas from two perspectives: expanding the
schema.org vocabulary or adding new specific properties to the existing schema.org
vocabulary. For example, researchers have proposed the following suggestions for developing
vocabularies in various domains: educational resources (Dietze, Taibi, Yu, Barker & d'Aquin,
2017; Roa-Martinez, Vidotti & Pastor-Sanchez, 2018; Aldaej & Krause, 2014; Gaurav,
Jithendranath, Adil, Yadav & Kasturi, 2015; Aldaej, 2015; Navarrete & Lujan-Mora, 2018);
biomedical and life sciences (Michel, 2018; Garcia, Giraldo, Garcia & Dumontier, 2017; Cano
et al. 2023; Mbouadeu, Abbas, Ahmed, Keshtkar, De Bello & Bukhari, 2022; Solbrig,
Prud'hommeaux & Jiang, 2016; Tsueng et al. 2023); cultural heritage and library data (Jett,
Nurmikko-Fuller, Cole, Page & Downie, 2016; Klemenz & Tochtermann 2017; Han, Cole,
Lampron & Sarol, 2015; Freire, Charles & Isaac, 2018; Matienzo, Roke & Carlson 2017; Scott
2014; Wang, Aryani, Wyborn & Evans, 2017; Mohammadi Ostani, Cheshmeh Sohrabi, Taheri,
Shabani & Asemi, 2019; Fardehosseini, 2019; Fardehosseini, Taheri, Hariri, Babalhavaeji &
Nooshinfard, 2020; Nasiri, 2021; Fardehosseini, Taheri, Hariri, Babalhavaeji & Nooshinfard,
2021; Sohrabzadeh, Karbala Aghaie Kamran, Taheri & Abam, 2022; Mixter, OBrien &
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Arlitsch, 2014; Mohammadi Ostani, Ebadollah Amoughin & Jalili Manaf, 2023); and e-
commerce and tourism (Stolz & Hepp, 2017; Stolz, Hepp & Hemminger, 2017; Simsek et al.
2017; Mazayev, Martins & Correia, 2016; Simsek, Angele, Kirle, Panasiuk & Fensel, 2020).
These extensions have introduced new classes, properties, and relationships, better representing
the specific needs of these domains.

Furthermore, a deeper literature analysis reveals more granular categorizations within this
group regarding the types of extensions and their focus. Some research has focused on
expanding the types in the schema.Ogr. Studies such as Cano et al., 2023; Mbouadeu et al.,
2022; Denaux & Gomez-Perez, 2020; Michel, 2018; Dietze et al., 2017; and others fall into this
category. Others, such as Roa-Martinez et al. (2018); and Wang et al. (2017), have focused on
adding new, specific properties to the existing schema.org vocabulary. Of course, many of these
studies have addressed the expansion of types and properties. Finally, another group has
focused on evaluating extensions, their usage, effectiveness, and methods for creating
extensions. Studies such as Navarrete and Lujan-Mora (2018); Simsek et al. (2017); Matienzo
et al. (2017); Jett et al. (2016); and others fall into this category.

A summary of the literature review shows that, as stated on the official Schema.org website
and acknowledged by researchers in previous studies conducted in various information
contexts, Schema.org is incomplete for broader applicability and requires further development.
The usability and performance of the Schema.org vocabulary and the positive impact of using
Schema.org in improving the indexing, discoverability, and retrieval of metadata generated
based on Schema.org by search engines have been demonstrated.

Despite this finding and the fact that Schema.org has undoubtedly introduced an innovative
approach to interacting with online content, the dynamic nature of the web ecosystem
necessitates continuous innovation and adaptation. On the other hand, Schema.org aims to
describe almost everything on the web, and the web is extensive and encompasses many
domains. Schema.org classes are often simultaneously too broad and general (without the
required attributes) and too narrow (including too many irrelevant attributes) for a specific
research purpose and topic (Cano et al., 2023; Simsek et al., 2020). Additionally, the diversity
of schema.org may pose challenges in selecting appropriate classes and properties for markup
in a specific domain and maintaining semantic consistency of markup (Simsek et al., 2017). For
this reason, it is necessary to adapt or extend the schema.org vocabulary to meet the needs of a
specific scientific domain.

The flexibility and extension mechanism of schema.org allows for adding classes or
properties to it (Schema.org, 2021f). Therefore, researchers in various fields strive to extend
Schema.org classes or properties in different domains in line with the changing capabilities of
web technologies, thereby paving the way for new avenues for expressing precise and
specialized structured information. The significance of this endeavor has motivated the writing
of this paper, which aims to comprehensively document and review the research efforts and
changes made in the field of Schema.org extensions over time in different subject domains.

A review of previous research indicates that despite the importance and necessity of
expanding Schema.org in various subject areas, no study has comprehensively examined this
type of research to provide researchers with a complete overview of studies related to enriching
Schema.org, including the methodologies used, domains, and new research proposals in this
field. Through the analysis and review of research on Schema.org extensions, this paper seeks
to achieve several key objectives. The first objective is to provide a comprehensive overview
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of existing extensions, categorized based on their thematic focus and scope of application. Then,
classifying the types of extensions, including properties extensions, types (classes), and others,
highlights the research innovations and advancements in this area. Finally, identifying new
research proposals and opportunities and subject areas that require further investigation and
extension provides valuable insights to researchers, developers, and those interested in
schema.org extension to guide future research.

Materials and Methods

The present study employed a scoping review methodology to provide a comprehensive
overview of the breadth and scope of research conducted on Schema.org extensions. Scoping
reviews are a type of systematic review conducted with a descriptive purpose. The first
methodological framework for scoping reviews was published by Arksey and O'Malley (2005).
This framework outlines a protocol for aligning the findings of existing research with the
research questions and criteria. The five recommended steps for conducting scoping reviews
are as follows:

1. Identification and formulation of the research question(s); 2. The search process to
identify and extract relevant research; 3. Pertinent research selection; 4. Tabulation, synthesis,
and summarization of information; 5. Reporting of results

These steps are implemented sequentially. The first step involves formulating the research
question(s). The next step involves the search process, which includes selecting search
keywords and identifying sources. This process aims to identify existing literature and
potentially relevant studies in a subject area. In the next step, inclusion and exclusion criteria
are established to verify the initial relevant articles. Finally, the information is extracted,
organized, and reported based on quality assessment criteria.

Research Questions
This study examines research focused on Schema.org and addresses the research questions
outlined in Table 1.

Table 1
Research questions

Row Research Questions

'What is the subject area and thematic context of previous research on the improvement,
1  fextension, enrichment, comparison, and evaluation of Schema.org extensions?

'What specific actions have been taken in previous research to improve, extend, enrich, compare,
2 land evaluate Schema.org extensions?

'What research methods have been used in previous research on improving, extending, enriching,
3 |comparing, and evaluating Schema.org extensions?

'What recommendations have been made in previous research on improving, extending,
4  enriching, comparing, and evaluating Schema.org extensions for future research?

Search Process for Identifying, Extracting, and Selecting Relevant Studies and Research

This process is conducted to identify any potentially relevant studies based on the research
questions. The selection process consists of four comprehensive steps, as illustrated in Figure
1.
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Determining .
Selecting Searching criteria for S;rliifgpf
databases keywords selecting ticl
articles articles

Figure 1: Search process

Articles were retrieved from the following databases: Emerald, Science Direct, IEEE
Xplore Digital Library, Web of Science, Scopus, Magiran, SID, Noormags, and IranDoc
(Iranian database). The search was conducted using the keywords "Schema.org" in the sources'
title, keywords, and abstract. The search was conducted in September 2023, and 725 articles
were identified. EndNote, a reference management software, was used to organize the studies.
Using EndNote, 90 duplicate articles were removed, and 592 articles were excluded after
reviewing the title and abstract because they were irrelevant to the research objectives. Initial
article selection was based on the inclusion and exclusion criteria outlined in Table 2. The full
text of the remaining articles was then reviewed, and the inclusion and exclusion criteria were
applied. As a result, five additional articles were excluded. Finally, 38 articles were included in
the scoping review.

To avoid bias in article selection, two of the paper's authors reviewed the full text of the
articles to ensure compliance with the inclusion and exclusion criteria. Original research articles
were selected based on the following inclusion and exclusion criteria:

Table 2
Inclusion and exclusion criteria
Row Inclusion Criteria Exclusion Criteria
The primary focus of the research is the The research content is not directly
1 improvement, extension, enrichment, comparison, [related to the extension and enrichment of]
and evaluation of Schema.org Schema.org

Published research presents a comprehensive and .
Book chapters, research summaries,

2 detailed description of the methodology and unpublished research
findings.
3 The full-text article is accessible. The full-text article is unavailable.

Research quality assessment criteria

The research quality assessment criteria (Table 3) were developed to analyze whether the
studies under consideration were comprehensive and high-quality and to ensure their relevance
to the research questions.

Table 3
Quality assessment criteria
Row Criteria
1 The research objectives are clearly articulated.

The approaches and methodologies employed for Schema.org extension and enrichment are
2 delineated.
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3 The findings are comprehensively explained.
The requisite information, including the subject domain, extension approaches, and|
4 methodologies, can be directly extracted from the research report.

After careful evaluation through a full-text review, the initial studies were finalized and
presented in Table 4.

Table 4
Original articles
Row Title Author(s)

| An Enhanced Approach to Semantic Markup of VLEs Aldaej & Krause (2014)

Content Based on Schema.org
) The web obsewatqry extension: famh‘@tmg web science DiFranzo, et al. (2014)
collaboration through semantic markup
3 Describing theses and dissertations using Schema.org Mixter et al. (2014)
4 Any suggestions? Active schema support for structuring | Homoceanu, Geilert, Pek and Balke
web information (2014)
5 Seeding structured data by default via open-source library| Scott (2014)
systems
6 Automotive Ranges as eCommerce Data Servant, Chevalier and Jurain (2014)
7 An enhanced semantic YLE based on Schema.org and Aldacj (2015)
social media.
A study to assess and enhance educational-specific search
8 on the web for school children Gaurav, et al (2015)
9 Exposing Library Holdings Metade%ta in RDF Using Han, et al (2015)
Schema. org Semantics
10 A Web-scale Study of the Adoption and Eyolutlon of the Meusel, Bizer and Paulheim (2015)
schema.org Vocabulary over Time
11 |Improving accessibility through semantic crowdsourcing Mazayev et al. (2016)
Enhancing scholarly use of digital libraries: A
12 |comparative survey and review of bibliographic metadata Jett, et al (2016)
ontologies
13 HL7 FHIR and Schema.org Solbrig et al. (2016)
14 Analysing and Improving Embedded Markup of Learning Dietze, et al. (2017)
Resources on the Web
15 Bioschemas: schema.org for the Life Sciences Garcia, et al. (2017)
Semantic Enrichment of Web Query Interfaces to Enable
16 Dynamic Deep Linking to Web Information Portals Klemenz & Tochtermann (2017)
17 Creating a linked data-frle:.ndly metz'lda'ta application Matienzo et al. (2017)
profile for archival description
Collaborative Ontology Evolution and data quality Mihindukulasooriya, Poveda-
18 e . . .
empirical analysis Villalon, Garcia-Castro and Gomez-
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Row Title Author(s)
Perez (2017)
Representing Fashion Product Data with Schema.org: .
19 Approach and Use Cases Stolz, Hepp, Hemminger (2017)
20 Providing research graph data in JSON-LD using Wang, et al. & (2017)
Schema.org
71 Evaluation of Schema..org for Aggregation of Cultural Freire ct al. (2018)
Heritage Metadata
Bioschemas & Schema.org: a Lightweight Semantic .
22 Layer for Life Sciences Websites Michel (2018)
” A QuantlFatlve Anal.y51s of the Use. of Microdata for Navarrete & Lujan-Mora (2018)
Semantic Annotations on Educational Resources
24 Enriched semantic markgp for pqstgraduate programs in Roa-Martinez et al. (2018)
Latin America
)5 Domain-specific semantic Yalldatlon of schema.org Simsek. et al. (2017)
annotations
Integrating Product Classification Standards into
26 Schema.org: eCl@ss and UNSPSC on the Web of Data Stolz & Hepp (2017)
7 Study on the Effects of Library Standards and Conceptual Fardehosseini (2019)

Models on Improving the Functionality of Rich Snippets

Linked Credibility Reviews for Explainable

the Perspective of Information and Knowledge
Organization

28 Misinformation Detection Denaux & Gomez-Perez (2020)
A Study on the Correspondence between Schema.org’s ..
29 Item Types and MARC Genre Terms List Fardehosseini, et al. (2020)
Domain-specific customization of schema.org based on .
30 SHACL Simsek, et al (2020)
Representing Properties and Relationships Between
31 Entities of Creative Works in Schema. org Based on Fardehosseini, et al (2021)
Library Reference Model (LRM)
1 Locahzatlc.)n of Scherpa. Org for Pescrlblng .Iraman— Mohammadi Ostani, et al (2019)
Islamic Information Context’s Manuscripts
A markup entity, the fourteen Infallibles, based on
33 properties of person type in Schema.org and survey Nasiri (2021)
reaction of web search engines to base on that
Towards structured biomedical content authoring and
34 publishing Mbouadeu, et al. (2022)
Identifying the Special Types and Properties of Data
35 Entities in the Iranian-Islamic Information Context from Sohrabzadeh, et al. (2022)

36

Schema Playground: a tool for authoring, extending, and
using metadata schemas to improve the FAIRness of

Cano, et al (2023)
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Row Title Author(s)

biomedical data

Developing a standardized but extendable framework to

37 . o . . .
increase the findability of infectious disease datasets

Tsueng, et al. (2023)

Enrichment of Schema.org with cultural heritage context
38 |standards for the description and processing of electronic| Mohammadi Ostani et al. (2023)
thesis and dissertations

Figure 2 summarizes the study selection process, showing how the retrieved records were
screened and filtered according to the predefined inclusion and exclusion criteria.

| Identification of studies via databases

- Records identified from:
=] Databases (n = 725)
E Emerald=5, Science Direct= 256, > (E:]ufllc‘gaot? records removed:
= IEEE=21.
s
Web of Science=148, Scopus= 290
|
'
Records screened by abstract: » | Records excluded:
(n = 635) (n= 592)
=3
=
=
s v
]
Records screened in full text: Records excluded:
(n= 43 ) (n=5 )
e
o hd
2
'g Studies included in review
kT {n = 38)
=
S

Figure 2: Search and retrieval algorithm, application of inclusion and exclusion criteria, and the
number of studies remaining at each stage

The database search identified 725 records from five databases: Emerald, ScienceDirect,
IEEE Xplore Digital Library, Web of Science, and Scopus. After removing 90 duplicate records
using EndNote, 635 unique articles remained for title and abstract screening. During this stage,
592 articles were excluded because they did not meet the review criteria or were not relevant to
the research objectives (Table 2). The remaining 43 articles were assessed through full-text
review. Following this assessment, five additional articles were excluded, resulting in a final
sample of 38 studies included in the scoping review. This selection process provides a clear and
transparent account of how the final body of evidence was identified and demonstrates the
methodological rigor and reproducibility of the review.
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Results
In the following, the answers to the research questions are presented separately.
RQ 1: In what contexts and subject areas have previous studies been conducted on the
improvement, extension, enrichment, comparison, and evaluation of Schema.org
extensions?

Figure 2 shows that research on enriching and extending Schema.org has been conducted
in various subject areas, particularly medicine, education, bibliography, e-commerce, tourism,
and more. Since each of these domains has its own specific needs and challenges, the
schema.org used for generating structured data can effectively improve and optimize related
processes and structures, including enhancing service quality, increasing efficiency, facilitating
access to information, and standardizing processes.

Context and Subject Area of Extensions (Light Colors)

AAAAAAAAAAA

e Hamminger (2017)

Figure 3: Context and Subject Area of Extensions

RQ 2: What actions have previous research conducted to improve, extend, and enrich,
compare, and evaluate Schema.org extensions?

As Table 5 shows, the findings from the review indicate that the actions taken by
researchers to improve, expand, compare, and evaluate extensions of schema.org can be
categorized into several groups. Some studies have focused on developing the types in
schema.org, while others have focused on expanding properties. However, most studies have
addressed both. However, the number of properties added to schema.org in the studies appears
to be greater than the number of types. On the other hand, some studies have attempted to
redefine the types or properties of schema.org. Some studies have also considered the
evaluation of extensions and their usage, effectiveness, and methods for creating extensions.
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Table 5

Advances in Schema. org Extensions and Enrichment:

Types of improvement, extension, and enrichment; comparison, and evaluation of schema. org

extensions

Types of
Extensions

Extensions

Author/Year

Class (type)

Introducing BioSchemas as an extension to schema.org
with classes such as

Bioschemas Type: BioChemEntity, LabProtocol,
DataRecord

Michel (2018)

Extension of Classes such as Clinical Trial, Protocol,
Group, Instrument, Outcome, Intervention, and Others in
the Outbreak Schema

Cano et al. (2023)

Medical Scholarly Article and Medical Entity

Mbouadeu et al (2022)

Extension of the Bot Type

Extension of SentenceSimilarity, SentenceStance and
CredibilityReview (CRs) as an extension to the schema:
Review

Denaux & Gomez-
Perez (2020)

Extension of Two Types: AlignmentObject and
Educational Audience

Dietze et al. (2017)

Introducing Four New Classes for Describing and
Representing Web Observatory Elements: Web
Observatory, Web Observatory Project, Web Observatory
Tool and Web Observatory Dataset

DiFranzo et al. (2014)

* Archetypes Extension: Archive, ArchiveCollection and
IArchiveltem

* Bibliographic Extension: This extension will encompass
terms like "atlas," "newspaper," and others, catering to a
broader range of bibliographic materials.

Freire et al. (2018)

Proposal for an ObjectType Extension: ProgramaPosgrado

Roa-Martinez et al.
(2018)

IProposal for a "Feature" Type to Describe Orderable
Product Features or Specifications

Servant et al. (2014)

Proposal for Introducing a New Type: Research Grants or
Research Projects in Schema.org

Wang et al (2017)

Proposal for Introducing Six New Types: LearnAction,
Session, Assignment, Test, Examination, and Course in
Schema.org

Aldaej & Krause
(2014)

Introducing a Schema.org Extension: Bioschemas
(BioChemEntity, LabProtocol, DataRecord)

Garcia et al. (2017)

* Extension Classes derived from Citation Style Language
terms:

JournalArticle, MagazineArticle, NewspaperArticle, Bill,
Chapter, ConferencePaper, Entry, Figure, Graphic,
Interview, LegalCase, Legislation, Manuscript,
MusicalScore, Pamphlet, Patent, Personal Communication,
Report, Speech, Thesis, Treaty.

* Extension Classes not covered by other vocabularies:
IAcademicDepartment, Collection, School, Concept,
DigitalCollection, DoctoralThesis, EtdCommittee,

InstitutionalRepository, MasterThesis, ScholarlyWork,

Mixter et al. (2014)

1JISM, Vol. 24, No. 3
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Types of
Extensions

Extensions

Author/Year

SpecialCollection

Proposal for Introducing Classes and Subclasses:
e Class: ClothingAndAccessories

e Subclasses: GarmentOrClothing, Footwear, and
IAccessory

Stolz, Hepp &
Hemminger (2017)

[Extension of Classes: LearnAction, Session, Assignment,
Test, Examination, and Course

Aldagj (2015)

Properties

Introducing Bioschemas: An Extension to schema.org with
Properties for Life Science Data: isBasisFor, isContainedIn,
contains, hasRepresentation, seeAlso, reagent, sample,
software

Michel (2018)

Introducing Infectious Disease and Immunity-Specific
IProperties to schema.org: pathogen, funding,
infectiousAgent, healthCondition, species, sdPublisher,
measurement technique

* Adding Confidence Property to schema:Rating
* Introducing Properties: Credibility Rating, Confidence,
IAuthorship, and Relationships between Credibility Ratings.

Denaux & Gomez-

* Expanding schema.org with Properties for Bot: Perez (2020)
usesDataset and measuredAccuracy

educational Alignment, educationalUse, educationalLevel

and learningResourceType, timeRequired, Dietze et al (2017)

typicalAgeRange, interactivity Type, isBasedOnUrl

IName, description, ContactPoint, address, hasMap,
coordinador, additional Type, itemListElement

Roa-Martinez et al.
(2018)

IProposing the "feature" Property to Represent the
Relationship between a Product and Its Features

Servant et al. (2014)

PProposing the Addition of Properties for ORCID, DOI,
Scopus Identifiers, and PURLs to ScholarArticle, Dataset,
and Person in schema.org

Wang et al (2017)

Proposing the Addition of Properties for Session Material,
Objectives, Course Title, Deadline, Assignment Material,
Session Title, Subject, Course End Date, Course Date, and
Course Material to schema.org

Aldaej & Krause
(2014)

Introducing Bioschemas: An Extension of schema.org for
Biomedical Data Representation: isBasisFor,
isContainedIn, contains, hasRepresentation, seeAlso,
reagent, sample, software

Garcia et al (2017)

Proposing New Properties under Schema.org/School:
Faculty, Student, and Teaching Methodologies, with Three
Special Properties: Access, Assimilation, and Assessment

Gaurav et al (2015)

Proposing Properties for Enhanced Representation of
Library Item Availability Data: AvailableToLoan, OnLoan,
InLibraryUseOnly, RoomUseOnly, eligibleDuration,
validThrough, Loan, NonCirculating, Request, Offer
(requires)

Han et al (2015)

IAdding the Accessibility Class with Properties for

Mazayev et al. (2016)
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Types of
Extensions

Extensions

Author/Year

Enhanced Accessibility Information: parking-Type,
BlueBadge, NoBlueBadge, entrywayType, NoRamp
(TightRamp, WideRamp, interiorRoutes), toiletType,
doorType

Extension vocabulary property:

associatedDepartment, associatedSchool, adviser, campus,
committeeChair, committeeMember, curates,
facultyMember, hadDepartment, hasEtdCommittee,
hasLibrary, reviewedBy, callNumber,
degreeGrantedForCompletion, degreeGranted, firstPage,
lastPage

Mixter et al. (2014)

Season, Series, Episode

Scott (2014)

Expanding schema.org with Properties for Enhanced
PProduct Information: additional Type, additionalProperty

Stolz & Hepp (2017)

clothingSize, Material Component, certified,
countryOfOrigin, designatedFor, fitDescription,
sizeStandard, additionalProperty, carelnstructions
(BleachingCare, DryingCare, NaturalDrying,
TumbleDrying, IroningCare, ProfessionalCare,
'WashingCare)

Stolz, Hepp &
Hemminger (2017)

Bibliographic Extension: exampleOfWork, workExample

Freire et al. (2018)

Enhancing CreativeWork Representation with Six New
IProperties in schema.org: accrual Method, descriptor, has
IAddition, hasDescription, isAdditionOf, isDescriptionOf

Mohammadi Ostani, et
al (2019)

sessionMaterial, objectives, courseTitle, deadline,
assignmentMaterial, sessionTitle, subject, courseDate,
courseEndDate, courseMaterial

Aldaej (2015)

IProposed Properties for schema.org Person Type:
Patronymic (for Men), Matronymic (for Women),
Disciples, Companions, Historic fatwas, Cause of death,
Historical period, Endowments, War, Museum objects/
relics, Mosahaf

Nasiri (2021)

Indextowork, calligrapherperson, accompanies,
addendawork, indextoexpression

Fardehosseini (2019)

IProposed 39 properties: 12 properties for thesis:
degreeName, Degree level, Discipline, Department,
IAdvisor, Supervisor, Funded item, Funder, Sponsor,
[Faculty, University, dateDefence.

27 properties for creative work: acquisitionsSource,
colorContent, Carrier, Media, code, continuedBy,
continuedInPartBy, descriptionalLanguage,
supplementaryContent), ...

Mohammadi Ostani et
al. (2023)

Redefinition

* Non-Commercialization of schema.org Offer and Product
Types
* Establishing Clear Usage Patterns for Multiple Types

Scott (2014)

Evaluating
Extensions:
Usage,

* Quantitative Analysis of Microdata Adoption and Usage
for Schema.org Vocabulary in Semantic Markup and

Educational Resource Description

Meusel et al. (2015)
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Types of
Extensions

Extensions

Author/Year

Efficiency, and
Creation
Methods

* Assessing Schema.org Property Usage for Educational
Resources in Educational Domains such as:
educationalUse, educational Alignment,

educational Audience, and educationallLevel

* Identifying Issues in Microdata Usage and Schema.org
Comprehension for Enhanced Educational Resource
Representation

Navarrete & Lujan-
Mora (2018)

fthir.schema.org: Expanding schema.org for FHIR (Fast
Healthcare Interoperability Resources) Information Models

Solbrig et al. (2016)

Extending NIAID SysBio Dataset and ComputationalTool
Schemas

Tsueng et al (2023)

Extension of SentenceStance, SentenceSimilarity, and
CredibilityReview (CRs) as an expansion of
schema:Review where schema:reviewAspect is credibility.

Denaux & Gomez-
Perez (2020)

Bibliographic Extension for introducing additional
properties to describe bibliographic resources, such as the
terms "atlas," "journal," "work and translation," or

relationships like exampleOfWork and workExample.

Freire et al. (2018)

* Introducing the Schema.org Annotation Support System
(SASS)! to Assist in Feature Selection and Facilitate the
lAnnotation Process

Evaluating and Comparing the Suitability of Schema.org,
FaBiO, BIBO, Bibframe, MODSRDF/MADSRDF, and
IFRBRoo for Representing and Managing Bibliographic
Metadata at the HathiTrust Research Center (HTRC)

Homoceanu et al
(2014)

* Expanding bibliographic metadata to encompass granular
book components such as chapters, sections, poems, and
other book-specific elements.

* Enhancements to the representation of granular features
associated with bibliographic resources.

Jett, et al (2016)

PPropose a Semantic Deep Search extension to Schema.org
to enhance SearchAction tagging capabilities to improve
information accessibility and retrieval from the Deep Web
and Web Information Portals, particularly Virtual Library
Systems.

Klemenz &
Tochtermann (2017)

Comparative Analysis of Structural Changes and Evolution
in 53 Versions of DBpedia, Schema.org, PROV-0, and
FOAF Ontologies

Mihindukulasooriya et
al (2017)

Introducing and Implementing a Domain-Driven Approach
for Validating and Evaluating schema.org Tagging in Two
IDimensions: Completeness of Tagging in the Tourism
IDomain and Semantic Consistency of Values Based on
Predefined Rules

Simsek et al (2017)

* Overview of Efforts in Utilizing and Extending
Schema.org for Describing Archival Resources: A Case

Study of Schema Archetypes

Matienzo et al. (2017)

! Schema.org Annotation Support System
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Types of

. Extensions Author/Year
Extensions

* Harmonizing Schema.org with Other Descriptive
Metadata Standards and Related Data Models: A Case
Study of ISAD(G), ISAAR-CPF, DACS, Encoded Archive
IDescription, ArchiveSpace, and AtoM

Introducing a Domain Specification Approach: Creating
Machine-Readable Patterns Using a Subset of SHACL-

CORE Elements for Customizing schema.org Vocabularies Simsek et al (2020)
in Specific Domains with a Focus on the Tourism Domain

[Enhancing the Functionality of Attributes and

Relationships between Creative Work Entities in Linked Fardehosseini et al
Data Generation with Representations in Library Reference (2021)
Model (LRM)

IAssessing the Alignment of Linked Data Entity Types

Generated from Resource Description Framework (RDF) Fardehosseini et al
IData with Representations in MARC 21 Standard-Specific (2020)

Resource Type Vocabulary

Identifying and Determining Entity Types and Their
IAttributes in the Iranian-Islamic Information Context from Sohrabzadeh et al
the Perspective of Information and Knowledge (2022)

Organization

RQ 3: What research methodologies have been employed in previous studies investigating
the improvement, extension, enrichment, comparison, and evaluation of Schema.org
extensions?

Figure 4 indicates that the research methodology related to enriching and extending
Schema.org, content analysis, and document study has been primarily used in these studies.
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Figure 4: Research methodologies employed in previous studies

RQ 4: What suggestions have been made in previous studies for future research in the
improvement, extension, enrichment, comparison, and evaluation of Schema.org
extensions?

The research findings regarding research proposals extracted from previous studies can be
seen in the Figure 5. Based on these suggestions, it can be concluded that the future of
Schema.org as an essential standard in structured data is auspicious. By conducting more
research in this area and implementing the proposed suggestions, a deeper understanding of the

capabilities and limitations of Schema.org can be achieved, and it can be used to improve the
quality of information on the web.

1JISM, Vol. 24, No. 3 July-September 2026



78 Advances in Schema. org Extensions and Enrichment: ...

Suggestions for Future Research
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Figure 5: Suggestions from previous studies

Discussion

RQ 1: Previous studies have explored the enhancement, expansion, comparison, and
evaluation of Schema.org extensions across diverse thematic areas. These extensions have
garnered attention in medicine, education, bibliography, e-commerce, and tourism. Each
domain presents unique challenges, and Schema.org offers a standardized framework to
streamline processes and structures. The following highlights the significance of these
extensions in different domains.

However, a critical observation is the uneven concentration of research efforts. The medical
and life sciences domain has received considerable attention, largely driven by initiatives such
as Bioschemas and the need to enhance FAIR data principles. In contrast, other potentially high-
impact domains-such as government data, legal information, environmental science, and social
sciences-remain significantly underrepresented. This asymmetry suggests that the Schema.org
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extension community tends to cluster around well-funded or well-established initiatives, while
equally important but less resourced domains are neglected. Comparatively, earlier reviews
focused primarily on the adoption patterns of Schema.org at scale, rather than on domain-
specific extension efforts. Our study complements this by highlighting where and how
extensions are being actively developed, revealing that the extension activity is not uniform and
often follows the availability of community-driven efforts like Bioschemas.

A further critical point is the lack of cross-domain coordination. Most extensions are
developed in isolation, with little evidence of knowledge transfer or reuse of extension patterns
across domains. For instance, the educational extensions proposed by Dietze et al. (2017) and
Aldaej (2015) share conceptual similarities with bibliographic extensions (Mixter et al., 2014;
Freire et al., 2018) in terms of structuring resource metadata, yet no attempt has been made to
harmonize these efforts. This fragmentation undermines the potential for interoperability and
increases redundancy, which is contrary to the core philosophy of the Semantic Web.

Medicine

e The complexity of medical systems: The intricate nature of medical systems, spanning
diagnosis, treatment, patient communication, and record management, benefits from
Schema.org's standardized data organization.

e Importance of Accurate Information: Access to precise and timely patient data is vital
for informed medical decision-making. Schema.org aids in recording, managing, and analyzing
patient data, facilitating faster and more effective medical decisions.

e Management of Medical Technology: Advances in medical technology necessitate
efficient management solutions. Schema.org plays a crucial role in managing and optimizing
technologies, leading to improved patient care and reduced errors.

e Enhancement of Electronic Health Records (EHRs) and Disease Management Systems:
Schema.org enhances the storage, accessibility, and utilization of EHRs and disease
management systems through improved search results, unified presentation of medical
information, better patient-provider communication, accelerated medical research, and
enhancement of electronic medical record systems.

In conclusion, Schema.org significantly enhances the accuracy, accessibility, and
utilization of medical information, fostering better patient care, facilitating medical research,
and driving advancements in the field. However, despite these benefits, most medical
extensions have not been rigorously evaluated for their actual impact on clinical workflows or
patient outcomes. This represents a critical gap, as the ultimate value of structured data in
medicine lies not in its technical sophistication but in its practical utility for healthcare
professionals and patients.

Education and learning: Schema.org holds significant potential for e-learning, attracting
active research in its application. Critical reasons for its adoption include:

e Standardization of E-learning Processes: Technology shapes educational processes in
today's digital era. Schema.org provides standardized guidelines, enhancing and standardizing
e-learning processes by structuring educational data and resources.

e Digital Educational Resource Development: Schema.org facilitates the creation and
dissemination of digital educational resources, enabling interactive learning experiences.
Educators can publish resources, improving students' access and understanding.
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e Promotion of Collaboration: Schema.org fosters collaboration and resource sharing
among educational institutions, optimizing resource utilization.

e Enhancement of Learning Management Systems (LMS): It contributes to LMS
development, aiding in student progress monitoring, assessment procedures, and educational
advancements.

e Optimization of Access and Development: Overall, Schema.org optimizes access,
structure, and development of digital resources in e-learning.

Nevertheless, the educational extensions proposed so far have been largely descriptive and
have not adequately addressed pedagogical semantics, such as learning objectives, competency
frameworks, or adaptive learning pathways. This is a notable limitation, as the educational
domain requires more than just resource description; it demands representation of instructional
design and learner interactions. Future work should draw on established educational ontologies
and learning analytics standards to enrich Schema.org extensions meaningfully.

Bibliographic: Schema.org offers significant benefits for bibliographic applications.

e Digital Resource Development: Enables structured metadata creation, enhancing
discoverability.

e Precise Structuring: Ensures standardized data representation, improving reliability.

e Resource Management: Facilitates efficient data organization and retrieval in libraries.

e Enhanced Search: Improves search capabilities for quicker, more accurate results.

e Facilitated Access: Enhances resource accessibility for researchers and students.

e Promotion of Collaboration: Fosters resource sharing among libraries and institutions.

e Library Management System Optimization: Streamlines data management and retrieval
in library systems.

Schema.org's adoption in the bibliography enhances information organization and
accessibility, supporting research and education. However, the bibliographic extensions have
been developed primarily from the perspective of traditional library cataloging, with limited
attention to emerging scholarly communication practices such as preprints, data papers, and
software citations. This oversight may reduce the relevance of Schema.org for modern research
workflows. Moreover, the alignment with existing standards like MARC, LRM, and Dublin
Core has been investigated only superficially, and deeper harmonization efforts are urgently
needed to ensure interoperability across library systems and the broader web of data.

E-commerce and business: Schema.org's impact on e-commerce and business is profound.

e Structured Data Representation: It organizes business data like product details,
enhancing strategic planning and operational efficiency.

e Customer Experience: Facilitates quick and accurate information retrieval, improving
customer satisfaction and engagement.

e C(ollaboration: Standardized data formats promote partner collaboration, fostering
seamless data sharing.

e Product Development: Empowers businesses with market trend analysis and competitor
insights for informed product development.

e Market Analysis: Enables competitive analysis by collecting and analyzing structured
data, aiding in understanding market trends.

e Sales and Marketing Optimization: Provides a standardized approach to data
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organization, enhancing sales tracking and targeted marketing.
e Secure E-payment: Enhances security in e-payment systems by standardizing data
formats and ensuring integrity.

Tourism Industry: In tourism, Schema.org offers:

e Structured Tourism Data: Facilitates efficient search and retrieval of location, hotel, and
activity details.

e Improved Booking Experience: Streamlines booking processes, leading to more
informed decisions and satisfying experiences.

e C(ollaboration: Enables seamless data sharing among service providers for
comprehensive travel offerings.

e Location-Based Services: Empowers tourists with interactive maps and personalized
recommendations for enhanced navigation.

e Tourism Analytics: Provides insights into market trends and customer preferences,
driving informed decision-making.

Schema.org drives efficiency, collaboration, and innovation in e-commerce, business, and
tourism, ultimately enhancing user experiences and driving growth. Despite these advantages,
the commercial applications of Schema.org have been driven primarily by large technology
companies, which may introduce biases toward their own business interests rather than the
broader needs of the e-commerce ecosystem. Additionally, the integration of product
classification standards such as eCl@ss and UNSPSC has been initiated (Stolz & Hepp, 2017),
but the adoption and maintenance of such integrations remain challenging for small and
medium-sized enterprises, which often lack the technical resources to implement them
effectively.

RQ 2: Actions in Schema. org extension research

Research has undertaken various actions to improve, expand, compare, and evaluate
Schema.org extensions, categorized into extending classes and properties, focusing on more
prevalent properties. Factors influencing this preference include:

e Efficiency and Accuracy: Extending properties allows for detailed data description and
enhances accuracy, which is crucial for effective research.

e Flexibility in Analysis: More properties facilitate diverse and flexible data analysis,
improving access to required attributes.

e Data Volume Management: Extending properties aids in better data volume
management, avoiding challenges posed by increased data volume from class extensions.

e Direct User Impact: Property extensions benefit users by improving access to
information.

Limited focus on class extensions compared to property extensions is due to the following:

e Complexity in Analysis: Class extensions introduce data analysis and modeling
complexity, requiring more expertise and resources.

e Data Management Challenges: Increased classes lead to more extensive data volumes
and complex data management, demanding more substantial infrastructure.

e Engineering Expertise Requirements: Extending classes demands high programming
skills, deterring some researchers.

e Preference for Simplicity: Research often prioritizes simpler, implementable solutions,
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such as property extensions.

Limited research on redefining Schema.org properties and classes is due to the following:

e Complex Redefinition Process: Redefining properties and classes is complex and time-
consuming, requiring deep Schema.org understanding.

e Specialized Knowledge Requirements: It demands web semantics and Schema.org
expertise, hindering some researchers.

e Scarcity of Diverse Data: Redefinition requires diverse data, which may not always be
available, limiting research.

e Perceived Lack of Necessity: Some researchers prioritize other areas over redefinition
due to perceived immediate needs elsewhere. However, as research progresses, the focus on
redefining Schema.org may increase.

RQ 3: Research methods in Schema.org extension studies

Research on Schema.org extensions employs various methods while preserving key
concepts:

e Content and Document Analysis:

- Foundational Approach: Essential for examining Schema.org extension-related texts
and documents.

- Structured Data Extraction: Extracts structured information crucial for insights.

- Conceptual Analysis: Reviews content to analyze important themes and concepts.

- Qualitative Analysis: Identifies patterns and themes within texts.

- Critical Review: Evaluate texts, noting positive and negative perspectives.

- Utilization of Sources: Draws from diverse primary and secondary sources.

- Broad Applicability: Applicable across various domains, aiding diverse research.

e Experimental Methods:

- Practical Performance Evaluation: Assesses Schema.org's real-world performance and
effectiveness.

- Identification of Best Practices: Uncovers and suggests improved patterns and practices
for Schema.org usage.

- Model Adaptation and Refinement: Refines existing models based on practical
feedback.

- Effectiveness Across Contexts: Evaluate Schema.org's effectiveness in diverse
scenarios.

Experimental methods empower researchers to enhance Schema.org for more effective and
practical applications.

RQ 4: Suggestions for future research on Schema.org extensions

Previous studies offer suggestions to enhance Schema.org's usage and efficiency, which is
crucial for improving the semantic web and web information quality:

1. Enhancing Semantic Model and Technology Usage:

- Optimizing semantic models enhances web search, data interpretation, and user
experience, leading to more accurate searches and improved efficiency.

2. Analyzing Schema.org Evolution and Comparisons:

- Analyzing Schema.org's evolution and comparing it with other standards aids decision-
making for web projects, enhancing efficiency and system performance.
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3. Studying User Perspectives and Experiences:

- Understanding user needs and challenges informs practical improvements to
Schema.org, optimizing systems based on user feedback and experiences.

4. Developing Practical Tools for Schema.org Utilization:

- Creating tools simplifies semantic information integration, empowering developers to
utilize Schema.org effectively without deep semantic modeling knowledge and accelerating
project implementation.

Additional suggestions include:

e Testing Usability Enhancements: Testing usability enhancements post-extension
implementation informs decision-makers and assists developers in resolving usability issues,
leading to improved system performance and information impact on the web.

e Expanding Practical Implementation: Expanding practical implementation enhances
system performance and information impact, addresses adoption challenges, and identifies real-
world barriers to Schema.org adoption.

e Addressing Schema.org Adoption Challenges: Examining adoption challenges
uncovers barriers and improves usage, ensuring seamless and conceptual data connectivity on
the web.

e Expanding and Enhancing Schema.org Vocabulary: Investigating and expanding
Schema.org's vocabulary improves data understanding, effectiveness in diverse domains, and
coordination with existing standards.

e Evaluating Alignment with Existing Standards: Evaluating alignment ensures
harmonization with standards, addresses implementation flaws, and guarantees correct
Schema.org usage, which is crucial for conceptual data connectivity.

Addressing research focus and limitations involves:

e Examining Schema.org Extensions Alignment: Evaluating alignment with standards is
often overlooked due to constraints despite its critical role in ensuring data connectivity.

The importance of alignment evaluation warrants more attention in future research to
ensure seamless data connectivity on the web.

Several additional research proposals have been presented in the field of Schema.org
extensions. These proposals open up new avenues for research. They may contribute to the
advancement of knowledge in the domain of Schema.org extensions, improve the utilization of
this standard in diverse areas, and enhance the capabilities of the semantic web.

1. Impact on SEO Enhancement and Website Visibility:

- Investigate how Schema.org improves SEO and search engine attention.

- Evaluate its impact on website visibility and search result rankings.

2. Analysis of Industry-Specific Extension Patterns:

- Examine Schema.org's usage in industries like healthcare, technology, and finance.

- Analyze industry-specific patterns and challenges in Schema.org extensions.

3. Integration with Al and Machine Learning:

- Train Al models to identify and expand Schema.org vocabularies.

- Evaluate their impact on Schema.org accuracy and efficiency and propose
improvements.

4. Integration with IoT, VR, and AR:

- Explore Schema.org's role in IoT, augmented reality, and virtual reality.

- Assess its impact on user experience and interaction.
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5. Social and Economic Impact Analysis:
- Study the social and economic effects of Schema.org.
- Examine the economic impacts of improved search engine efficiency.

Conclusion

By examining the diverse range of schema.org expansions over time, this article can clearly
understand the state of knowledge in this area. This review serves as a testament to the
flexibility and extensibility of Schema.org in serving a wide range of subject areas. It is hoped
that this scoping review will not only serve as a valuable resource for Schema.org researchers
and developers but also have practical applications for businesses that rely on the ability to
optimize their online presence and visibility. Furthermore, this review is anticipated to inspire
further innovation in pursuing an accessible, understandable, and meaningful web.
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