
1

KELM: Knowledge-Enhanced 
Language Models
A revolutionary pipeline that bridges structured knowledge graphs and natural 

language understanding to create more accurate, trustworthy AI systems.



2

What is KELM?
KELM is a groundbreaking pipeline and corpus developed by Google Research that 

fundamentally enhances language models with structured knowledge. Rather than replacing 

existing models like BERT or T5, KELM improves them by feeding in knowledge 

graph-derived sentences that provide factual grounding.
The system transforms structured data from Wikidata into natural language, creating a 

bridge between the precision of knowledge graphs and the fluency of language models. This 

approach addresses critical challenges in modern AI: hallucinations, factual inaccuracies, 

and toxic biases that emerge from training on raw web data.
At its core, KELM converts triples (subject–predicate–object relationships) into clean, natural 

sentences that language models can understand and learn from, resulting in more reliable 

and trustworthy AI outputs.

15M
Clean Sentences

Generated from structured knowledge

45M
Triples Covered

Across diverse relationships

1.5K
Relations

Spanning multiple domains
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The Problem KELM Solves
Hallucinations
Language models often generate 

plausible-sounding but factually 

incorrect information when trained 

solely on unstructured web text.

Toxic Biases
Raw web data contains offensive 

content and harmful biases that 

models inadvertently learn and 

reproduce in their outputs.

Factual Drift
Without grounding in verified knowledge, models struggle to maintain 

consistency and accuracy across related facts.

Modern language models are incredibly powerful, but their reliance on 

unstructured web data creates significant reliability challenges. KELM addresses 

these issues by injecting curated, structured knowledge directly into model 

training and retrieval systems, creating a foundation of factual accuracy that 

traditional approaches lack.
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Understanding Triples: The Foundation

What is a Triple?
A triple is the fundamental building block of knowledge graphs, consisting 

of three components that form a complete factual statement:

Subject: The entity being described (e.g., "Albert Einstein")

Predicate: The relationship or property (e.g., "born in")

Object: The value or related entity (e.g., "Ulm, Germany")

This subject–predicate–object structure powers knowledge graphs and 

provides the raw material that KELM transforms into natural language. By 

maintaining these structured relationships, KELM ensures that verbalized 

sentences preserve the precision and interconnectedness of the original 

knowledge graph.
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The TEKGEN Pipeline: Five Steps to Knowledge
The TEKGEN pipeline is the engine behind KELM, transforming structured triples into natural language through a sophisticated five-step process. This pipeline 

ensures that knowledge graph data can "speak the language" of language models while maintaining factual accuracy.

Align
Match Wikidata triples with Wikipedia sentences for contextual grounding

Group
Organize triples into subgraphs representing connected knowledge

Verbalize
Convert subgraphs into natural sentences using T5 model

Filter
Clean outputs to remove low-quality or redundant text

Integrate
Blend sentences into pre-training or retrieval corpora
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Step 1: Alignment with Context

Grounding in Real Text
The first step of TEKGEN aligns Wikidata triples with existing Wikipedia 

sentences. This alignment provides crucial context for how facts are 

naturally expressed in human-written text.

By studying how Wikipedia authors verbalize the same relationships 

found in Wikidata, the system learns patterns for natural, fluent 

expression. This contextual grounding ensures that generated sentences 

don't just state facts—they communicate them in ways that feel authentic 

and readable.
This alignment phase creates training examples that teach the T5 model 

how to transform structured data into prose that matches human writing 

conventions while preserving factual precision.
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Step 2: Grouping into 
Subgraphs
Rather than verbalizing triples in isolation, TEKGEN groups related triples into 

subgraphs that represent coherent pieces of knowledge. This grouping is essential 

for creating sentences that capture complex relationships and provide richer 

context.

Connected Facts
Subgraphs link multiple 

related triples, allowing 

the system to generate 

sentences that express 

compound information 

naturally.

Contextual 
Richness
By considering multiple 

relationships 

simultaneously, the 

verbalization captures 

nuance that single 

triples would miss.

Efficient 
Expression
Grouped triples enable 

more concise, natural 

sentences rather than 

repetitive, disconnected 

statements.
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Step 3: Verbalization with T5

From Structure to Language
The verbalization step uses Google's T5 (Text-to-Text Transfer Transformer) model 

to convert structured subgraphs into natural language sentences. This is where the 

magic happens—structured data becomes fluent prose.

The T5 model has been trained to understand both the semantic meaning of the 

triples and the stylistic conventions of natural language. It generates sentences 

that:

• Maintain factual accuracy from the source triples

• Follow natural grammar and syntax patterns

• Vary in structure to avoid monotonous repetition

• Preserve entity relationships and attributes

This transformation ensures that facts blend seamlessly with unstructured text in 

language model training, making knowledge graph data accessible to neural 

networks.
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Steps 4 & 5: Filtering and Integration

Quality Filtering
The pipeline rigorously filters generated sentences to remove 

low-quality outputs, redundant information, and any text that 

doesn't meet factual or linguistic standards. This ensures only the 

cleanest, most reliable sentences make it into the final corpus.

Corpus Integration
Filtered sentences are integrated into pre-training corpora or 

retrieval systems, where they enhance language models with 

factual grounding. This integration allows models to learn from 

both structured knowledge and natural text simultaneously.

These final steps are critical for ensuring that KELM's output is production-ready. The filtering removes edge cases and errors, while 

integration makes the knowledge immediately usable in real-world AI systems. The result is a dataset of 15–18 million clean sentences that 

represent approximately 45 million triples across 1,500 different relations.



10

Why KELM Matters: Four Key Benefits
1

Improved Factual Accuracy
By grounding models in curated knowledge graphs instead of 

noisy web text, KELM dramatically improves the factual reliability 

of AI outputs. Models trained with KELM are less likely to 

hallucinate or generate incorrect information.

2

Reduced Toxicity and Bias
Knowledge graph triples are significantly less likely to contain 

offensive content or harmful biases compared to raw web data. 

This creates safer, more responsible AI systems.

3

Enhanced Retrieval Accuracy
When paired with retrieval models like REALM, KELM-enhanced 

systems can find and surface relevant information with greater 

precision, improving search and question-answering capabilities.

4

Stronger Knowledge Probing
KELM improves performance on knowledge probing benchmarks 

like LAMA, demonstrating that models better retain and access 

factual information when trained with structured knowledge.
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KELM and Knowledge-Based Trust

Ranking by Factual Correctness
KELM aligns perfectly with Google's vision of Knowledge-Based Trust—an 

approach to ranking content based on factual correctness rather than just 

popularity or traditional signals like backlinks.

In this paradigm, search engines evaluate the accuracy of information by 

comparing it against authoritative knowledge sources. KELM contributes to 

this vision by providing a mechanism to inject verified facts into language 

understanding systems.
By training models on knowledge graph-derived sentences, search systems 

can better identify factually accurate content and distinguish it from 

misinformation or low-quality sources. This creates a foundation for more 

trustworthy search results and AI-generated content.

Related Concept: Knowledge-Based Trust 

represents a fundamental shift in how search 

engines evaluate content quality, moving beyond 

popularity metrics to assess factual accuracy 

directly.
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KELM in Semantic SEO: Five Applications
KELM's fact-verbalization approach aligns directly with entity-first content strategies in modern SEO. Here's how its principles can transform your 

content approach:

Building Entity Graphs
KELM preserves entities and their relationships 

when verbalizing structured data. Apply this to 

generate factually rich entity overviews and 

knowledge panel-worthy content.

Query Understanding
Consistent, fact-driven sentences help search 

engines better map queries to content and 

highlight relevant passages in search results.

Safer FAQs
Using knowledge graph-backed text reduces 

hallucination risks when generating FAQs or 

conversational content for chatbots.

Topical Coverage
KELM-style factual sentences provide 

ready-made content for sidebars, glossaries, and 

supplementary sections that boost topical 

authority.

Query Augmentation
Fact-grounded sentences can be rephrased into 

long-tail queries while maintaining semantic 

accuracy and relevance.
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Application Deep Dive: Entity Graphs

Enriching Entity Connections
KELM's approach to verbalizing structured data provides a blueprint for building comprehensive 

entity graphs in your content. By maintaining the relationships between entities while expressing 

them in natural language, you create content that both humans and search engines can understand.

Key strategies:

• Map out entity relationships before writing content

• Verbalize connections in clear, factual sentences

• Link related entities throughout your content network

• Use structured data markup to reinforce relationships

• Create entity-focused hub pages that mirror knowledge graph structure

Pro Tip: Think of your content as verbalizing your own knowledge graph. Each article should 

clearly express entity relationships while maintaining natural readability.
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Ontology: The Framework Behind KELM
An ontology is a formal framework that defines how entities, attributes, and relationships are structured within a knowledge domain. It's the 

architectural blueprint that KELM verbalizes for language understanding.

Entity Definitions
Ontologies specify what types of entities 

exist (people, places, concepts) and their 

properties, creating a shared vocabulary 

for knowledge representation.

Relationship Rules
They define which relationships are valid 

between entity types, ensuring logical 

consistency in knowledge graphs.

Semantic Context
Ontologies provide the semantic context 

that allows KELM to verbalize facts 

accurately while preserving their meaning 

and interconnections.

KELM leverages Wikidata's ontology to understand how entities relate to each other, enabling it to generate sentences that accurately reflect 

these structured relationships in natural language. This ontological foundation ensures that verbalized knowledge maintains its semantic 

precision.
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Strengths and Limitations of KELM

Strengths

Scalable Knowledge Integration
Successfully scales factual knowledge into both pre-training and 

retrieval systems, making structured data accessible to language 

models at scale.

Reliable Synthetic Text
Creates synthetic but trustworthy text for entity-rich domains, 

providing a clean alternative to noisy web data.

Model Compatibility
Pairs effectively with REALM for retrieval grounding and LaMDA 

for dialogue applications, enhancing multiple AI architectures.

Limitations

Coverage Gaps
Even comprehensive knowledge graphs like Wikidata have 

incomplete coverage, limiting the scope of facts KELM can 

verbalize.

Distribution Mismatch
Synthetic data may not perfectly match the distribution of 

real-world text, potentially creating training biases.

Integration Dependency
KELM is not a standalone model—it requires integration into 

existing training pipelines to deliver value.
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KELM in the AI Ecosystem
KELM doesn't work in isolation—it complements and enhances other AI models to create 

more powerful, accurate systems. Understanding how these technologies work together 

reveals the future of conversational search and knowledge-grounded AI.

PEGASUS
Excels at abstractive summarization, 

condensing long documents into concise 

summaries while maintaining key 

information.

KELM
Injects factual grounding into models by 

verbalizing knowledge graph triples, 

ensuring accuracy and reducing 

hallucinations.

REALM
Retrieves relevant evidence at inference time, allowing models to access external 

knowledge when generating responses.

Together, these technologies enable conversational search experiences that are concise 

(PEGASUS), factually accurate (KELM), and contextually grounded (REALM). This 

combination represents a significant step toward truly semantic, intent-driven search 

systems.
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Building Semantic Search Engines

KELM as a Foundation
KELM represents a crucial stepping stone toward building truly semantic, 

intent-driven search systems. By providing factually grounded language 

understanding, it enables search engines to move beyond keyword 

matching to genuine comprehension.
Key capabilities enabled by KELM:

• Understanding entity relationships and context

• Distinguishing factual content from speculation

• Mapping natural language queries to structured knowledge

• Generating accurate, knowledge-grounded responses

• Reducing reliance on popularity signals alone

As search evolves toward conversational AI and direct answers, KELM's 

approach to knowledge verbalization becomes increasingly essential for 

delivering accurate, trustworthy results.
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Practical Implementation for SEO
While you may not have access to Google's KELM pipeline, you can apply its principles to strengthen your content strategy and build lasting topical authority.

1
Map Your Knowledge Domain
Identify the key entities, relationships, and facts in your niche. Create a structured map of how concepts connect, similar to a knowledge graph.

2
Verbalize Relationships
Transform your entity relationships into clear, factual sentences. Focus on precision and natural language that both humans and search engines can understand.

3
Build Entity-First Content
Structure your content around entities and their connections. Create hub pages for major entities and spoke content that explores relationships.

4
Use Structured Data
Implement schema markup to explicitly communicate entity relationships to search engines, reinforcing your verbalized knowledge.

5
Create Semantic Networks
Link related content strategically to mirror knowledge graph connections, building a semantic content network across your site.

6
Prioritize Factual Accuracy
Ground your content in verifiable facts from authoritative sources, reducing speculation and building trust with both users and search engines.
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The Future of Knowledge-Grounded AI

Beyond KELM
KELM represents an important milestone in the evolution toward 

more trustworthy, factually grounded AI systems. As language 

models continue to grow in capability, the need for reliable 

knowledge integration becomes even more critical.
Future developments will likely include:

• Real-time knowledge graph updates integrated into live systems

• Multi-modal knowledge verbalization (text, images, video)

• Domain-specific knowledge enhancement pipelines

• Improved methods for handling knowledge conflicts and 

uncertainty
• Better integration of structured and unstructured knowledge 

sources

Implications for Content Creators
As AI systems become more sophisticated at understanding and 

verifying factual content, the bar for content quality continues to 

rise. Success will increasingly depend on:

• Deep subject matter expertise

• Clear expression of entity relationships

• Factual accuracy and verifiability

• Structured, semantic content organization

• Building comprehensive topical coverage

The principles behind KELM—verbalizing structured knowledge into 

natural language—will become increasingly central to effective 

content strategy.
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Key Takeaways: KELM's Lasting Impact
KELM is more than a dataset—it's a bridge between structured knowledge and natural language that fundamentally improves how AI systems 

understand and communicate facts.

For AI Development
KELM provides a proven method for 

injecting factual grounding into language 

models, reducing hallucinations and 

improving reliability across applications 

from search to dialogue systems.

For SEO Professionals
KELM offers a blueprint: treat entities 

and relationships as content building 

blocks. Verbalize facts into user-friendly 

sentences, connect them across your 

semantic network, and build lasting 

authority.

For the Future
As search evolves toward 

knowledge-based trust and 

conversational AI, KELM's approach to 

knowledge verbalization becomes 

essential for creating content that both 

humans and machines can trust.

By understanding and applying KELM's principles—structured knowledge, natural verbalization, factual grounding, and semantic 

connections—you can create content that not only ranks well but also contributes to a more trustworthy, knowledge-rich web. The future of 

search is semantic, entity-driven, and grounded in verifiable facts. KELM shows us the way forward.
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Meet the Trainer: NizamUdDeen
Nizam Ud Deen, a seasoned SEO Observer and digital marketing consultant, brings 

close to a decade of experience to the field. Based in Multan, Pakistan, he is the founder 

and SEO Lead Consultant at ORM Digital Solutions, an exclusive consultancy 

specializing in advanced SEO and digital strategies.

Nizam is the acclaimed author of The Local SEO Cosmos, where he blends his 

extensive expertise with actionable insights, providing a comprehensive guide for 

businesses aiming to thrive in local search rankings.

Beyond his consultancy, he is passionate about empowering others. He trains aspiring 

professionals through initiatives like the National Freelance Training Program 

(NFTP). His mission is to help businesses grow while actively contributing to the 

community through his knowledge and experience.

Connect with Nizam:

LinkedIn: https://www.linkedin.com/in/seoobserver/

YouTube: https://www.youtube.com/channel/UCwLcGcVYTiNNwpUXWNKHuLw

Instagram: https://www.instagram.com/seo.observer/

Facebook: https://www.facebook.com/SEO.Observer

X (Twitter): https://x.com/SEO_Observer

Pinterest: https://www.pinterest.com/SEO_Observer/
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