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Abstract. The emergence of generative artificial intelligence (GenAI) presents both opportunities and challenges for the search
engine optimization (SEO) industry, particularly concerning the maintenance of data quality and curation. The SEO industry
has evolved significantly from traditional practices focused on keyword optimization to a more sophisticated, user-centric ap-
proach that emphasizes semantic data and entity understanding. Within this evolving landscape, we introduce SEOntology as a
pioneering ontology designed to formalize and systematize SEO-related knowledge, effectively bridging the gap between human
and machine understanding. SEOntology seeks to standardize the complex vocabulary and interrelationships of SEO concepts
and enhance the transparency, consistency, and efficiency of SEO practices. This paper details the design and implementation
of SEOntology and examines its potential to future-proof the SEO industry by enabling more dynamic content interactions, im-
proving data quality, and supporting the responsible integration of AI technologies.
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1. Introduction

The search engine optimization (SEO) industry stands at a pivotal juncture, influenced by the transformative
capabilities of generative artificial intelligence (GenAI). While GenAI offers unprecedented content personalization
and efficiency opportunities, it poses significant risks to information quality and public discourse. While innovative,
the rise of AI-generated content often prioritizes efficiency over accuracy, challenging the SEO community’s efforts
to foster a positive and informative web environment.

Historically, SEO practices were heavily focused on keyword optimization, utilizing techniques such as keyword
stuffing and link schemes. This approach evolved significantly with the introduction of Google’s Hummingbird
update in 2013 [6], which shifted the focus toward semantic search. As a result, SEO has transitioned from static
content optimization to enriching content with semantic data, critical for powering knowledge graphs (KGs) and
AI-generated responses.

In this evolving landscape, we introduce SEOntology [18][19], which is envisioned as a basic formal ontology,
specifically designed for the SEO domain, functioning as an extensive framework that systematizes the jargon
and methodologies unique to SEO. Unlike Schema.org [11], which focuses on defining specific attributes of web
content, SEOntology aims to standardize broader SEO concepts such as topicality, backlinks, and search intent.
This ontology serves as a collaborative knowledge base, where SEO professionals can contribute to and refine the
definitions and interrelationships of key concepts, ensuring a shared understanding across the industry.

SEOntology not only streamlines SEO practices but also improves data curation quality. Providing a standardized
framework enhances the accuracy and efficiency of machine processing of web content, leading to more responsive
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and personalized user experiences. This is especially crucial in the age of GenAI, where the quality and relevance
of AI-generated content heavily depend on the organization and integrity of the underlying data.

2. Related Work

The development of SEOntology draws upon a rich history of research and innovation within the SEO, search,
and ontology engineering domains. Key influences and parallels can be found in the work surrounding semantic
search technologies, ontological frameworks, and structured data standards.

2.1. Semantic Search and Semantic SEO

The shift towards semantic search, particularly marked by the introduction of Google’s Hummingbird update
in 2013 [16][6], is a foundational development in the SEO landscape. This update moved the industry away from
keyword-centric approaches, emphasizing the importance of understanding user intent and context. Research by
Baeza-Yates et al. (2008) [2] laid the groundwork for understanding how search engines can leverage semantic
relationships to provide more relevant results.

Entity-oriented search [3] marks a major shift from traditional document-centric search to focusing on specific
entities, such as people, places, organizations, or products. This approach centers on organizing and accessing
information based on entities, their attributes, and their relationships.

The shift to entity-oriented search demands advanced information retrieval technologies. Traditional keyword-
based systems are increasingly being replaced by those that use structured knowledge repositories [13], such as
knowledge graphs. These repositories, such as DBpedia [23] and Google’s Knowledge Graph [10], integrate struc-
tured and unstructured data, enabling more accurate and contextually relevant search results. This transition en-
hances the overall user experience, making information retrieval more intuitive and efficient by focusing on the
entities users are seeking.

2.2. Basic Formal Ontology and Ontological Engineering

Ontological engineering has been instrumental in developing structured frameworks for various domains, provid-
ing a foundation for the systematic organization of knowledge [14]. The concept of building ontologies with Basic
Formal Ontology (BFO) [1], introduced by Arp et al., serves as a significant precursor to SEOntology. BFO provides
a top-level ontology designed to support information integration, which has been widely adopted across different
fields, including biomedicine and information science. SEOntology adapts this approach to the SEO domain, offer-
ing a formal structure that categorizes and relates key SEO concepts, ensuring consistency and clarity.

Biperpedia [12] further advances these concepts by offering an ontology specifically designed to support search
applications. Unlike traditional ontologies that may model attributes in a more modular or complex manner, Biper-
pedia is driven by the attributes that users find relevant, as expressed in queries and text. This user-centric approach
allows Biperpedia to more accurately capture the semantics of web data and user queries. It features 1.6 million
(class, attribute) pairs and 67,000 distinct attribute names, sourced from Freebase, query streams, and web text. This
extensive attribute extraction enhances the search engine’s ability to interpret long-tail queries and the semantics of
web tables, making it an indispensable tool for semantic search applications.

The integration of Biperpedia into search technologies exemplifies the practical application of ontological frame-
works to improve search accuracy and relevance. It highlights the importance of continuously evolving ontological
structures to reflect real-world usage and enhance search engine capabilities. This evolution is crucial for addressing
the dynamic nature of web content and user search behavior, ensuring that search engines can deliver precise and
contextually appropriate results.

By incorporating these advanced ontological techniques, SEOntology not only aligns with current best practices
in semantic search but also sets the stage for future innovations in understanding and leveraging structured data
within search and SEO use case applications.
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2.3. Schema.org and Structured Data

The Schema.org initiative, launched in 2011 by Google, Microsoft, Yahoo and Yandex, provides a shared vocab-
ulary that webmasters can use to mark up their pages in ways that are recognized by major search engines. The work
of Guha, Brickley, and Macbeth [12] demonstrates how Schema.org has facilitated more accurate data interpreta-
tion by search engines, leading to enhanced search result features like rich snippets and knowledge panels. While
Schema.org focuses on specific attributes and types of content, SEOntology aims to establish a more comprehensive
and high-level framework that addresses broader SEO principles and practices.

3. Motivation and General Requirements for a Specialized SEO Ontology

Before describing the design of SEOntology, we have to lay out the main motivation behind this endeavor along
with its functional and non-functional requirements. In this section, we will explain the need to have a basic formal
ontology in the SEO domain, and how an ontology as SEOntology would help in the RAG and Graph-RAG scenarios
in the industry.

3.1. On Having a Basic Formal Ontology in SEO

Consider a scenario in which User 1 utilizes a Google Chrome extension to export data from Google Search
Console (GSC) into Google Sheets. The exported data contains columns labeled "ID", "Query", and "Impressions".
Simultaneously, User 1 collaborates with User 2, who is developing a business layer using the same GSC data, but
employs different naming conventions, such as "UID", "Name", "Impressionen" and "Klicks". When this scenario
is scaled to involve multiple data partners, tools, and team members – each utilizing different languages and naming
conventions – the ongoing effort to translate and reconcile these discrepancies presents a significant challenge to
effective data collaboration. This misalignment not only impedes efficiency but also results in considerable value
loss as resources are diverted to standardize the data.

Fig. 1. Simplified Example in Excel / SQL

This is where SEOntology plays a critical role. It functions as a standardized framework, offering consistent
terminology for identical concepts across various tools, partners, and languages. By eliminating the need for con-
tinuous translation and reconciliation efforts, an SEO ontology facilitates smoother data collaboration and enables
the full potential of the data to be realized.
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3.2. The Challenges of Using Graph RAG

Microsoft’s GraphRAG [15] and similar solutions, such as LlamaIndex [24], provide valuable frameworks for
addressing challenges in retrieval-augmented generation (RAG). Traditional RAG models frequently encounter dif-
ficulties in integrating information from diverse sources, which limits their effectiveness in tasks requiring a com-
prehensive understanding of extensive datasets. Knowledge graph (KG)-enhanced RAG approaches, exemplified by
LlamaIndex in collaboration with WordLift, address this limitation by constructing a knowledge graph from website
data. This graph is then utilized in conjunction with a large language model (LLM) to enhance response accuracy,
particularly for complex queries.

This development pattern represents one among many that are capable of achieving higher complexity objectives.
RAG and KG-based RAG are specifically designed to expedite the process of finding answers. While its capabilities
are impressive, RAG does not directly address the routine marketing tasks that teams encounter daily. The primary
emphasis should therefore be placed on data and the underlying data model. RAGs can vary in quality, with the
key differentiating factor often being the retrieval mechanism. The effectiveness of retrieval is what distinguishes a
well-crafted demonstration from a viable real-world application. High-quality data invariably support a robust RAG.
This data must be structured around a coherent model that is tailored to the specific use case. For example, when
developing a search engine for wines, it is imperative to have an optimal dataset and a model that accentuates the
features users prioritize when seeking information. While the quality of data is crucial, the design of the data model
is of even greater significance. In the context of developing an AI agent for a marketing ecosystem, it is essential to
model the data appropriately, ensuring it accurately captures the nuances of web pages and content assets.

3.3. Functional Requirements

This section outlines the criteria for designing, implementing, and deploying SEOntology. Quality requirements
engineering helps ensure SEOntology supports SEO activities, enhances data interoperability, integrates with AI
technologies, and maintains high standards of performance, and usability. Functional requirements detail SEOntol-
ogy’s essential features, such as data integration, semantic modeling, and AI-driven workflows, enabling seamless
SEO activities and tool interoperability. An overview is provided below.

– Ontology Design and Structure

* Definition of classes and properties: SEOntology must define all relevant SEO concepts as ontology
classes and properties. These should include terms like seo:AnchorText, seo:Link, seo:Query,
seo:Schema, seo:URL, and enriched versions of classes from Schema.org such as schema:WebPage.

* Relationships between entities: the ontology must establish clear relationships between entities. For in-
stance, properties like seo:hasURL, seo:hasQuery, seo:influencedByQuery, seo:link, and
seo:usesSchema must be defined to capture the interactions between web pages, queries, links, and
schemas.

– Data Integration and Interoperability

* Support for multiple data sources: SEOntology should be capable of integrating and standardizing data from
various SEO tools and platforms, such as Google Search Console, Botify, and Advertools.

* Unified data model: it must provide a common data model to harmonize different naming conventions and
data formats, facilitating seamless data exchange and collaboration between different SEO tools and stake-
holders.

– Data Retrieval and Querying

* Support for SPARQL queries: the ontology must support efficient data retrieval through SPARQL queries,
allowing users to perform complex queries on SEO data.

* Efficient data access: it should enable quick access to key metrics and SEO attributes (e.g., click-through
rates, impressions, anchor values, etc.) across different periods.

– Scalability and Extensibility
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* Support for extensions: SEOntology must allow for future extensions and adaptations to cater to specific
industries or emerging SEO trends.

* Community contributions: the ontology should be designed to support contributions from the SEO commu-
nity, allowing continuous improvement and adaptation based on feedback and evolving SEO practices.

– AI and Machine Learning Integration

* SEOntology should support integration with AI models to automate routine SEO tasks like internal linking
and content optimization. To achieve this, we need to include specific predicates in SEOntology that are
practical for use in AI/ML applications, based on experience.

Additionally, the functional requirements for SEOntology include support for AI and ML and ethical AI practices.
But these are generally enabled by all ontologies, by design. They include providing high-quality, semantically
enriched data that AI-driven applications, and design that supports ethical AI practices, and ensures transparency,
accountability, and fairness in AI-driven SEO applications.

3.4. Non-Functional Requirements

Non-functional requirements, on the other hand, outline the quality attributes and performance criteria that SEOn-
tology must satisfy to ensure its effectiveness, usability, and reliability. These include considerations such as per-
formance, scalability, maintainability, and security, which are essential for the successful adoption and long-term
sustainability of the ontology in the SEO domain.

– Performance

* High query efficiency: the ontology must ensure high performance in data retrieval and querying, particularly
when handling large datasets or performing complex queries.

* Minimal latency: data retrieval operations should have minimal latency to support real-time SEO analysis
and decision-making.

– Usability

* User-friendly design: SEOntology must be intuitive and easy to use for SEO practitioners, with familiar
terminology and straightforward ontology structure.

* Comprehensive documentation: detailed documentation must be provided, including a glossary, examples,
and tutorials to facilitate understanding and adoption.

– Maintainability

* Regular updates and refactoring: SEOntology and all related processes should support regular updates and
refactoring to stay relevant and in line with evolving SEO practices and technologies.

* Modular design: the ontology should have a modular structure, allowing easy updates, extensions, and main-
tenance without disrupting the existing framework.

– Interoperability

* Compatibility with existing standards: SEOntology must be compatible with existing web and SEO stan-
dards, such as Schema.org and RDF, to ensure seamless integration and interoperability.

– Environmental Sustainability

* Reduce redundant crawling: SEOntology should help reduce redundant website crawling, minimizing server
load and energy consumption, and aligning with sustainable SEO practices.

By addressing these functional and non-functional requirements, SEOntology can effectively support the evolv-
ing needs of the SEO industry, enabling better data management, AI integration, and ethical practices in digital
marketing.
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4. SEOntology

SEOntology1 [18] has been designed and developed using the functional and non-functional requirements laid out
in Section 3.3 and 3.4, and aims to aggregate and integrate information from diverse domains and data sources effec-
tively. To accomplish this, it is crucial to have a carefully selected set of competency questions to complement and
support the development of this ontological model. We’ll define new concepts, such as classes and properties, that
enable a thorough representation of information across various fields to capture the key concepts and relationships
within the domain of SEO.

4.1. Competency Questions

A defined set of competency questions (CQs) was crucial in identifying the types of SEO data and relationships
that the ontology aims to model. These questions, listed below, cover a wide range of SEO topics and are carefully
crafted to ensure that SEOntology accurately represents various SEO concepts and supports diverse strategies. Some
questions focus on differentiating SEO data types, such as internal versus external links. In contrast, others explore
more complex areas like integrating data from multiple SEO tools (e.g., Google Search Console and Advertools)
and standardizing naming conventions across different platforms. Additionally, SEOntology’s competency ques-
tions assess its ability to model specific SEO phenomena, like the effect of anchor text on search rankings and the
representation of user search queries. They also examine how SEOntology extends frameworks like Schema.org to
improve SEO practices and capture performance metrics and trends over time. These questions ensure that SEOn-
tology is both versatile and comprehensive, addressing traditional SEO practices and emerging trends, including
AI-driven workflows and strategies for new technologies such as voice search and augmented reality.

Table 1
Selected Competency Questions for SEOntology

Competency Questions (CQs) Competency Questions (CQs)
CQ01: What are the main types of SEO data that SEOntology
can represent?

CQ02: How does SEOntology differentiate between internal
and external links on a webpage?

CQ03: What classes and properties does SEOntology use to
represent the relationship between a webpage and its associ-
ated schema markup?

CQ04: How can SEOntology help integrate data from different
SEO tools, such as Google Search Console and Advertools?

CQ05: In what ways does SEOntology standardize naming
conventions across various SEO platforms?

CQ06: How does SEOntology represent user search queries
and their impact on SEO strategies?

CQ07: What properties does SEOntology provide to connect a
webpage to a specific search query?

CQ08: How does SEOntology model the influence of anchor
text on search engine rankings?

CQ09: What attributes are associated with links in SEOntology
to evaluate their relevance and quality?

CQ10: How does SEOntology extend Schema.org to enhance
SEO practices?

CQ11: What are the specific properties in SEOntology that re-
late to structured data, such as JSON-LD or Microdata?

CQ12: What performance metrics can be captured using
SEOntology, and how are these represented?

CQ13: How does SEOntology handle trend data and perfor-
mance over different periods (e.g., 7 days, 28 days, 3 months)?

CQ14: How can SEOntology be used to improve AI-driven
SEO workflows?

CQ15: In what ways does SEOntology facilitate the develop-
ment of AI models for SEO, such as those used for internal
linking strategies?

CQ16: What are some real-world scenarios where SEOntology
has been applied to optimize SEO strategies?

CQ17: How does SEOntology support collaboration among
SEO professionals and enhance knowledge sharing?

CQ18: How does SEOntology promote transparency and ethi-
cal AI practices in SEO?

1SEOntology on GitHub: https://github.com/seontology/seontology

https://github.com/seontology/seontology
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Fig. 2. Visual Representation of SEOntology

4.2. Classes

The ontological model provided in Figure 2 features 9 classes, including 2 top-level classes that serve as the foun-
dation, branching into more specialized concepts. An overview of the classes defined and/or used in SEOntology is
given below:

– seo:AnchorText - a class representing the anchor text of a hyperlink, which is the clickable text displayed
for a link on a webpage.

– seo:Link - a class representing a hyperlink found on a webpage. This class captures the attributes of a
link and its type, such as whether the link is internal (pointing to the same domain) or external (pointing to a
different domain).

– seo:Query - a class representing a search query. Instances of this class encapsulate the parameters, condi-
tions, and terms submitted to a search engine by users or systems.

– seo:Schema - a class representing schema markup, a form of structured data that defines the semantic rela-
tionships between entities on a webpage.

– seo:URL - a class representing a unique URL that identifies a specific webpage. It is intended to serve as a
stable and unambiguous reference to web content, ensuring consistent access to the webpage across various
systems and applications.

– seo:WebPage - a class representing a webpage. It is defined as an exact match of schema:WebPage.
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– schema:WebPage - the WebPage class from Schema.org, which is used as a domain or range for some of
the properties of SEOntology.

– owl:Thing and schema:Thing - these are the standard top-level classes, used as superclasses of all other
defined classes. They are used as domain or range classes for some of the properties in SEOntology.

All classes in SEOntology are direct subclasses of the most general owl:Thing class (and its exact match,
schema:Thing), demonstrating a hierarchical structure from the most abstract to more specialized concepts.

4.3. Object Properties

The ontology includes 5 object properties that establish relationships between classes. These properties define
various interactions between entities, such as connecting web pages to queries or schemas.

– seo:hasURL - this property establishes a unique and reciprocal relationship between a WebPage and its
corresponding URL. It asserts that each WebPage is identified by exactly one URL, and conversely, each
URL uniquely identifies one WebPage. As both a functional and inverse functional property, hasURL ensures
that this link is both unique and bidirectional, which is critical for accurately representing the identity and
accessibility of web content.

– seo:hasQuery - this property represents the relationship between a WebPage and the Query that leads users
to that page. It indicates that the WebPage is relevant or has been optimized for the specified Query.

– seo:influencedByQuery - This property defines the relationship between AnchorText and the Query that
may shape or determine the choice of that anchor text. It highlights how specific search queries can influence
the wording and selection of anchor texts within a WebPage.

– seo:link - this property represents the relationship between a WebPage and the various Links contained
within it. Each instance of the Link class corresponds to a hyperlink found on the WebPage, capturing both
internal and external connections.

– seo:usesSchema - this property describes the relationship between a WebPage and the Schema it employs.
The Schema class represents structured data, such as JSON-LD, Microdata, or RDFa, that is embedded in the
web page to provide search engines and other tools with enhanced information about the content.

4.4. Datatype Properties

A total of 53 datatype properties define the attributes of classes, providing specific data values for each entity.
Some more prominent examples include:

– seo:embeddingText - the text to which an embedding model is applied.
– seo:embeddingModel - the name of the NLP embedding model used to create vectored version of the

content.
– seo:embedding - the actual vector value for the text embedding itself.
– seo:ctr3Months - the click through rate for 3 months period.
– seo:score7Days - a calculated score ranging from 0.0 to 1.0 to determine the keywords with potential.
– seo:ctr7DaysTo3MonthsTrend - the click through rate trend of 7Days to 3Months period.

These properties, along with all others which are not listed above, capture key metrics and characteristics pertinent
to the domain, such as engagement levels, performance scores, and trend data.

4.5. Sample SPARQL Queries

An essential aspect of utilizing SEOntology effectively is demonstrating how RDF data annotated with it can
be accessed, retrieved, and manipulated, using the SPARQL query language. In this section, we showcase several
representative SPARQL queries and their relevance to the SEO domain. Through these practical examples, we want
to demonstrate how SEO professionals and researchers can use SEOntology to derive meaningful insights. These
insights can range from pinpointing high-performing keywords to analyzing user engagement metrics, which are
critical for developing effective SEO strategies.
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Listing 1: What keywords did the page https://wordlift.io/blog/en/seo-data-quality/ rank for in the last seven days?
Provide relevant data for these keywords.

PREFIX schema: <http://schema.org/>
PREFIX seo: <https://w3id.org/seovoc/>

SELECT ?url ?name ?clicks7Days ?ctr7Days ?impressions7Days ?position7Days ?
score7Days

WHERE {
?entity schema:url ?URL .

FILTER(?url IN ("https://wordlift.io/blog/en/seo-data-quality/")) .
OPTIONAL { ?entity seo:name ?name . }
OPTIONAL { ?entity seo:clicks7Days ?clicks7Days . }
OPTIONAL { ?entity seo:ctr7Days ?ctr7Days . }
OPTIONAL { ?entity seo:impressions7Days ?impressions7Days . }
OPTIONAL { ?entity seo:position7Days ?position7Days . }
OPTIONAL { ?entity seo:score7Days ?score7Days . }

}

Listing 2: Show me the pages that have analytics data from Google Search Console.

PREFIX schema: <http://schema.org/>
PREFIX seo: <https://w3id.org/seovoc/>

SELECT ?url
WHERE {
?entity schema:url ?url .
# Check if the entity has a non-empty hasQueryConstraint property
?entity seo:hasQueryConstraint ?hasQueryConstraint .

# Ensure that the hasQueryConstraint property exists and is not empty
FILTER(BOUND(?hasQueryConstraint) && ?hasQueryConstraint != "")

}

Listing 3: List the most engaged keywords from last month.

PREFIX seo: <https://w3id.org/seovoc/>

SELECT ?name ?impressions28Days ?clicks28Days
WHERE {
?seovocQuery seo:name ?name .

OPTIONAL { ?seovocQuery seo:impressions28Days ?impressions28Days . }
OPTIONAL { ?seovocQuery seo:clicks28Days ?clicks28Days . }

}
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Listing 4: What search terms has the page https://wordlift.io/blog/en/seo-data-quality/ been ranking for over the past
28 days? Include the relevant data analytics in your response.

PREFIX schema: <http://schema.org/>
PREFIX seo: <https://w3id.org/seovoc/>

SELECT ?name ?clicks28Days ?ctr28Days ?impressions28Days ?position28Days ?
score28Days

WHERE {
?entity schema:url ?URL .

FILTER(?url IN ("https://wordlift.io/blog/en/seo-data-quality/")) .
OPTIONAL { ?entity seo:name ?name . }
OPTIONAL { ?entity seo:clicks28Days ?clicks28Days . }
OPTIONAL { ?entity seo:ctr28Days ?ctr28Days . }
OPTIONAL { ?entity seo:impressions28Days ?impressions28Days . }
OPTIONAL { ?entity seo:position28Days ?position28Days . }
OPTIONAL { ?entity seo:score28Days ?score28Days . }

}

4.6. Design Decisions

In constructing SEOntology, several design decisions were made to ensure it meets the needs of the SEO com-
munity while being robust, scalable, and efficient. The specific requirements informed these decisions of SEO prac-
titioners and the technical constraints of ontology engineering. In this subsection, we elaborate on the key design
considerations.

Prioritization of first-party data points. The integration of first-party data points and opportunities obtained
through open-source crawlers and tools, such as Advertools [7] and Google Search Console, was prioritized. This
decision ensures that SEOntology leverages accurate and reliable data directly from primary sources. Additionally,
existing classes in Schema.org were utilized, expanding them where necessary to suit our objectives better. For
instance, developing and applying a more comprehensive WebPage class significantly enhanced the current imple-
mentation within Schema.org. This expansion allows for a more detailed and precise representation of web pages,
critical for effective SEO analysis and optimization.

Balancing scalability and query efficiency. Certain segments of SEOntology were not scaled extensively, such
as enabling 15 properties in the format of <period><dimension>, where <period> includes 7 days, 28
days, 3 months, and <measure> includes clicks, click-through-rate, impressions, position, score. The same ap-
plies to the trend data attributes connected to the Query class, such as clicks28DaysTo3MonthsTrend,
ctr7DaysTo28DaysTrend, and others. While this approach may not scale perfectly, it offers a significant ad-
vantage in terms of querying efficiency. The querying process is designed to be fast, and the chosen structure
supports this requirement. By prioritizing non-functional requirements in this case, specifically query performance,
we ensure that SEOntology remains responsive and effective for real-time SEO analysis.

Familiarity and usability for SEO practitioners. Employing common names for classes familiar to the SEO
world was imperative. This decision was driven by the need to make SEOntology intuitive and easily adoptable by
SEO practitioners. Aligning the ontology’s terminology with the language commonly used in the SEO community
facilitated seamless integration into existing workflows and enhanced its effectiveness as a foundation for intelligent
SEO efforts.

Rigorous product development and agile approach. The development of SEOntology followed a rigorous
product development and agile methodology. This approach involved multiple feedback iterations with various
internal and external stakeholders, including experts in SEO, computer science, software engineering, knowledge
engineering, domain expertise, and business. These iterative feedback loops were crucial for refining and improving
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SEOntology. The involvement of a diverse group of experts ensured that the ontology was validated from multiple
perspectives, leading to a robust and comprehensive final version.

Use-case-driven approach using combined methodologies. The combined use-case-driven approach proved
most effective, enabling rapid prototyping. A crucial factor was the identification of business cases for the de-
velopment of classes, object properties and datatype properties, ensuring their practical necessity and utility. This
approach integrates elements of both top-down and bottom-up methodologies, balancing their respective advantages
and addressing their limitations. Regular validations against use cases were conducted to maintain relevance and ac-
curacy, leading to refinement or merging of classes as needed. Each iteration’s final output was rigorously tested in
real business scenarios, which further clarified the design and led to improved documentation.

Regular cleanup and refactoring. These are essential practices for maintaining SEOntology. Occasionally, new
vocabulary terms are added that do not gain significant usage. Instead of retaining these underused terms, it was
more effective to remove them to keep the ontology concise and efficient. This process ensures that only relevant and
widely used terms are preserved, avoiding unnecessary complexity. Regular cleanup keeps the ontology streamlined
and more accessible for future contributors, ensuring it remains understandable and manageable. By consistently
refining SEOntology, we ensure its continued relevance and usability, facilitating broader adoption and adaptation
within the SEO community.

Overall, these design decisions reflect a careful balance between technical constraints, performance requirements,
and the practical needs of the SEO community. The result is an ontology that is not only technically sound but also
highly usable and valuable for SEO practitioners. The ultimate goal in designing SEOntology was to make it intuitive
for webmasters to understand. This ease of comprehension will facilitate future enhancements in collaboration with
the broader SEO expert community and inspire them to adopt this framework within their SEO data teams.

5. Applying SEOntology in Real-World Business Use Cases

In this section, we explore the practical applications of SEOntology in real-world business scenarios, demonstrat-
ing its major impact on SEO strategies and digital marketing efforts.

5.1. Enhancing Data Interoperability

One of the primary advantages of SEOntology is its ability to standardize and harmonize SEO data across var-
ious tools and platforms. Today’s SEO environment is fragmented and businesses often struggle with data silos,
where different tools use different terminologies and data structures. This fragmentation hampers effective data
collaboration and limits the insights that can be derived from SEO efforts.

For instance, one usual scenario is when a business uses multiple tools like Google Search Console, Botify,
and Advertools to manage its SEO campaigns. Each tool may have its own naming conventions and data formats,
leading to inconsistencies when integrating data for analysis. SEOntology addresses this challenge by providing a
common language and data model that can be applied across these tools. By implementing SEOntology, businesses
can ensure seamless data interoperability, enabling more accurate analysis and more effective SEO strategies.

An example of this is the collaboration with Botify [21], visualized in Figure 3, where SEOntology was used to
create a knowledge graph powered by Botify’s crawl data. This integration allowed for the automatic generation of
structured data and dynamic internal linking strategies, improving the overall SEO performance of the website.

5.2. Optimizing AI-Driven SEO Workflows

Businesses are increasingly relying on automation to scale their SEO efforts. However, the effectiveness of AI
in SEO depends heavily on the quality and structure of the underlying data. For example, SEOntology can encode
the rules and best practices for internal linking into an AI agent. This agent can then automatically identify linking
opportunities and suggest optimal link placements across a website. By using SEOntology, businesses can automate
routine SEO tasks and ensure that these tasks are performed in line with industry best practices. This approach has
been successfully implemented in collaboration with Advertools, where SEOntology was used to model internal
linking strategies, enabling the automation of these strategies across different platforms and tools.
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Fig. 3. SEOntology-powered Product Listing Page (PLP) workflow.

5.3. Improving SEO Collaboration and Knowledge Sharing

Another key application of SEOntology is in enhancing collaboration and knowledge sharing within the SEO
community. As businesses and SEO professionals work together to improve search engine rankings and user expe-
rience, there is a growing need for a shared framework for exchanging ideas, strategies, and best practices.

SEOntology provides such a framework by serving as a domain-specific language for SEO. This language enables
SEO professionals to encode their expertise into a shared knowledge base, which can then be accessed and used by
others in the community. This collaborative approach not only accelerates the development of new SEO strategies,
but also helps prevent the misuse of generative AI [17], which can potentially harm the open web.

In practice, this collaborative framework has been instrumental in projects like the development of Agent
WordLift [22], an AI agent that uses SEOntology to automate SEO tasks. By drawing on the collective knowledge
of the SEO community, Agent WordLift can provide more accurate and effective SEO recommendations, benefiting
businesses of all sizes.

5.4. Creating AI-Assisted Reporting Tools

Quickly and accurately generating reports in a business setting is essential. SEOntology can be used to develop
AI-assisted reporting tools that provide businesses with deep insights into their SEO performance. These tools can
automate the process of data collection, analysis, and report generation, saving time and resources while ensuring
that reports are comprehensive and actionable.

For instance, a business could use an AI agent powered by SEOntology to generate reports on the thematic
consistency of its content, seasonal trends in search traffic, or opportunities for optimizing its Google Merchant
Feed. By using SEOntology as the foundation for these tools, businesses can ensure that the reports are based on
standardized data and aligned with the latest SEO best practices.
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6. The Impact of SEOntology

The Schema.org project has been pivotal in standardizing structured data on the web, improving interoperabil-
ity, and enhancing user experiences across various platforms. This framework supports applications like Google’s
Knowledge Graph and personal assistants such as Siri and Cortana. In the context of GenAI, structured data becomes
increasingly important [20], as GenAI relies on clean, organized data to produce accurate content.

6.1. SEOntology as an Extension of Schema.org

Building on Schema.org’s foundation, SEOntology is designed as an extension specifically for SEO data. This
unified framework improves data clarity and interoperability, making data processing and retrieval more efficient.
Additionally, it ensures that AI-driven applications have access to high-quality, semantically enriched data.

The integration of SEOntology with Schema.org’s infrastructure streamlines data curation, enabling the manage-
ment of large-scale datasets. This extension supports the development of advanced AI models capable of delivering
personalized and accurate information to users. As digital technologies continue to advance, the adoption of SEOn-
tology will be crucial in maintaining the web’s reliability as an information source, especially in an era of rapidly
evolving AI capabilities.

This mission aligns closely with Tim Berners-Lee’s vision [4] of the web as a universal medium for data sharing
and collaboration. By promoting interoperable, machine-readable datasets, SEOntology helps realize the Semantic
Web’s potential, where data can be seamlessly integrated and utilized across diverse applications and industries. In
the SEO world, this vision allows for better collaboration and innovation, as consistent data standards enable more
effective communication and knowledge sharing among stakeholders. Ultimately, SEOntology not only enhances
SEO practices but also contributes to the broader goal of a more connected and intelligent web.

6.2. The Importance of The SEO Market

Given that the SEO market continues to grow, projected to reach $88.91 billion by 2024 [5], implementing
SEOntology offers a promising path forward. SEO remains vital in the digital ecosystem and SEOntology’s role in
promoting transparency and accountability in AI applications underscores its significance in shaping the future of
SEO and digital marketing.

By applying ontological design to SEO, SEOntology offers a structured and consistent framework that simplifies
data integration and retrieval. This consistency ensures that everyone, from data scientists to marketers, speaks the
same language, enhancing collaboration and efficiency. Ontologies like SEOntology structure data to align with
business objectives and user needs, making the data more actionable and insightful.

In essence, SEOntology is more than just a common language; it is a strategic tool for better data management and
utilization. By providing a unified framework for naming and organizing data, it allows teams to focus on deriving
insights and making informed decisions, rather than being bogged down by data translation and reconciliation
complexities. This ontological approach is crucial for modern SEO efforts, ensuring data is not only accurate but
also meaningful and useful across various platforms and stakeholders.

7. Future Work

The development of SEOntology will continue as an open-source project, with a focus on refining its framework
to enhance support for AI-driven SEO tools and autonomous agents. An important objective of future work will
be evolving SEOntology to provide comprehensive instructions for AI agents and multi-agent systems like Agent
WordLift, establishing standard operating procedures and validation rules that ensure safe and ethical AI automation
for enterprises and web users. This evolution will involve creating extensions and adaptations tailored to specific
industries and use cases, emphasizing the implementation of safeguards and best practices for AI-driven SEO.
SEOntology will remain a community-driven initiative, and we plan to establish a community platform to enable
diverse, collaborative, and fruitful development. This approach will invite contributions from SEO professionals,
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developers, and businesses, ensuring that SEOntology evolves in line with the needs of the wider digital ecosystem.
By incorporating community feedback, SEOntology will adapt to new trends and challenges in digital marketing,
maintaining its relevance and effectiveness in a rapidly changing environment.

SEOntology’s future applications extend beyond SEO, offering potential benefits for optimizing content for tech-
nologies such as voice search, augmented reality, and IoT, and for use in industries such as e-commerce, healthcare,
and finance. It can also play a significant role in promoting ethical AI practices and content governance by stan-
dardizing SEO data to minimize bias and misinformation. Moreover, SEOntology could help reduce bot traffic and
improve data management efficiency, contributing to environmental sustainability. This can happen through the col-
laborative creation, use, and reuse of SEO knowledge graphs for certain webpages and websites, thus reducing the
number of necessary re-crawls from different stakeholders for the same purposes.

8. Conclusion

The SEO industry has long faced challenges due to fragmented data practices, inconsistent terminology, and
the rapid evolution of AI technologies—issues that solutions like Schema.org and traditional SEO methods have
not fully addressed. SEOntology addresses these gaps by providing a standardized framework that unifies SEO
terminology across platforms, improving data quality, interoperability, and machine comprehension.

Establishing a common vocabulary and data model is vital for businesses to optimize their digital strategies in a
consistent, transparent, and future-proof manner. With its structured framework, SEOntology enables more efficient
data integration and retrieval, streamlining workflows for SEO professionals and AI-driven tools. This is increas-
ingly important as AI-generated content becomes more prevalent and the demand for high-quality, semantically
enriched data grows.

As an open-source initiative, SEOntology’s collaborative approach accelerates its development and ensures it
remains adaptable to the evolving digital landscape. We encourage the community to participate in refining and
expanding this framework to support the SEO industry and beyond.

By adopting SEOntology, SEO professionals and businesses can keep up with technological advancements and
actively contribute to the future of search engine optimization and digital marketing.
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