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How AI-Human Collaboration Transforms
Historical Records into Digitized Knowledge?

Historical archives are among the most valuable repositories of human knowledge. They contain

billions of pages spanning centuries, from government records and personal correspondence to

maps, photographs, and oral histories. Many of these materials are fragile, difficult to access, or, in

some cases, partially destroyed by time or environmental conditions. For scholars, policymakers,

and the public, access to these records is crucial for preserving cultural memory and facilitating new

forms of research.

Digital Divide Data // How AI-Human Collaboration

Transforms Historical Records into Digitized Knowledge?

Traditional digitization approaches, such as manual transcription and standalone OCR systems,

have played an important role in improving access. However, they are slow, labor-intensive, and

often struggle to handle the diversity and complexity of archival material. Manuscripts, multilingual

collections, and damaged documents remain difficult to process at scale. The result is that much of

the world’s recorded history is still locked away in analog form, inaccessible to most researchers

and communities.

Artificial intelligence has emerged as a powerful accelerator for digitization. Advances in

handwriting recognition, natural language processing, and knowledge graph construction are

enabling archives to process records at a scale and speed that was unimaginable a decade ago.

Yet automation alone is not a complete solution. AI systems can introduce errors, misinterpret

cultural nuances, and amplify biases present in training data. Without oversight, there is a risk of

distorting historical truth or erasing marginalized voices.

This is where the human-in-the-loop model becomes essential. By combining the efficiency of AI

with the judgment of trained experts, archivists, and even engaged citizens, institutions can ensure

that digitized records are accurate, trustworthy, and ethically managed. Humans provide the

contextual understanding, cultural sensitivity, and critical validation that AI lacks. Together, human

expertise and machine intelligence create digitization pipelines that are not only faster but also

more reliable and inclusive.

This whitepaper explores how AI-human collaboration is transforming the digitization of historical

records into accessible and interconnected knowledge systems. It highlights the technologies

driving this transformation, and considers the benefits, challenges, and future directions of human-

centered AI.

While AI-human collaboration offers clear advantages, it also introduces a series of challenges and

risks that institutions must navigate carefully. These challenges are not purely technical; they also

involve ethical, cultural, and governance dimensions that shape the long-term value and

trustworthiness of digitized archives.

Challenges of Digitization

https://www.digitaldividedata.com/data-content-services
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AI systems learn from historical datasets, which often reflect the biases and imbalances of the

periods they represent. When applied to digitization, these biases can manifest in distorted outputs.

Surveys show that HTR systems still “perform differently across handwriting styles, often favoring

majority scripts,” underscoring the need for balanced multilingual datasets and human review to

ensure fairness.¹

Models trained on one handwriting style often struggle when applied to another, particularly when

the writing is degraded, irregular, or in a different language.¹ Research presented at CVPR 2025

emphasizes that generalization across domains continues to be a bottleneck.¹

For example, handwriting recognition models may perform better on scripts from dominant groups

while underperforming on marginalized languages or writing styles. Without corrective human

oversight, such disparities risk reinforcing inequities in cultural preservation and research.

There is a growing temptation to view AI as a complete solution, particularly when budgets and

staffing are limited. However, over-reliance on automated transcription or metadata generation can

lead to the silent introduction of errors and misinterpretations. If unchecked, these errors may

proliferate across digital repositories, distorting the historical record. Human validation is therefore

not optional but essential to maintaining accuracy and accountability.

Bias in AI Models

Over-reliance on Automation

The digitization of historical records has advanced significantly with the integration of artificial

intelligence. Among the most impactful technologies are handwriting recognition, natural language

processing, and knowledge graph construction. Each addresses a different dimension of archival

complexity, but all share a common requirement: human guidance to ensure accuracy and cultural

sensitivity.

AI Technologies Driving Digitization

One of the most persistent challenges in archival work is the vast volume of handwritten

documents. Advances in HTR and ATR have brought substantial improvements, with recent surveys

showing that modern systems can achieve accuracy levels suitable for mass digitization.¹ These

models are capable of learning from diverse scripts, producing machine-readable text at a scale

previously impossible with manual transcription. Modern cooperative infrastructures such as READ-

COOP’s Transkribus demonstrate how shared community AI systems can sustain large-scale

handwritten text recognition responsibly, combining public funding origins with democratic

governance.²

In successful hybrid frameworks such as Transkribus, feedback from thousands of users continually

refines model accuracy and layout-recognition performance, embedding community-driven learning

into AI development.²

Deep-learning frameworks like convolutional and recurrent networks are now central to historical

document analysis, enabling high-accuracy text-line segmentation, layout analysis, and noise

removal from degraded pages.³

Handwritten Text Recognition (HTR) and Automated Text Recognition (ATR)
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NLP and LLMs extend the reach of digitization beyond simple transcription. These tools can refine

outputs from HTR systems by correcting errors, normalizing spelling variations, and linking names

or terms to authoritative references. In practice, this transforms raw text into structured, meaningful

information.

A notable example is Ireland’s Knowledge Graph Explorer, which combines NLP with curated

human input to connect entities across reconstructed collections. Such enrichment enables

researchers to move beyond isolated documents and explore relationships, networks, and historical

patterns. However, the power of LLMs must be balanced with human expertise, since language

models can hallucinate or overgeneralize without cultural context.

Before any text can be recognized reliably, the page must be decomposed into its structural

elements. Modern computer vision models segment pages into zones such as body text, headers,

footnotes, tables, figures, stamps, seals, and marginalia. Deep architectures such as U-Net and

Fully Convolutional Networks have become standard for historical layout analysis, achieving

precision above 95 % in detecting text lines and baselines across diverse manuscripts.³

They also infer reading order, a nontrivial task for historical layouts that mix columns, side notes,

and irregular blocks. De-skewing and dewarping models correct curvature from bound volumes,

while page border detection trims artifacts from scans. 

While transcription and error correction make records accessible, knowledge graphs and

metadata extraction make them discoverable and interoperable. AI can identify entities,

relationships, and topics within archival collections, structuring them into linked datasets. These

datasets can then be integrated with platforms, allowing users to search and analyze records

across institutions and languages.

Knowledge graphs also create opportunities for new scholarship by enabling cross-referencing

of individuals, places, and events across collections. Still, human expertise is required to validate

relationships and ensure metadata reflects historical nuance rather than algorithmic

assumptions.

Knowledge Graphs and Metadata Extraction

Document Layout Analysis and Visual Document Understanding

Natural Language Processing (NLP) and Large Language Models (LLMs)
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Artificial intelligence has the capacity to accelerate digitization, but it cannot replace the nuanced

understanding, contextual judgment, and ethical oversight that humans bring. The Human-in-the-
Loop (HITL) model ensures that digitization is not only efficient but also reliable, inclusive, and

culturally sensitive. In practice, HITL appears at several stages of archival workflows, from

transcription and validation to enrichment and interpretation.

AI systems can extract text from handwritten or printed sources with impressive accuracy, but errors

remain inevitable, particularly in collections with irregular handwriting, damaged pages, or

multilingual content. Studies show that while models can identify handwritten notes in the margins

of books, they often misinterpret context or miss subtle markings. Human input, both in the form of

training data and post-processing checks, ensures that such annotations are captured and

represented faithfully.

Evidence from the Library of Congress’s Exploring Computational Description experiment

confirms that even high-scoring machine-learning models (up to 90 % F1 for metadata fields)
still require catalogers’ validation before publication, a process now formalized as part of

assisted HITL workflows.⁴

Historical corpora often include multiple languages, scripts, and orthographic variants within a single

collection, and sometimes within a single page. Lightweight classifiers route segments to the right

recognizer by detecting script families such as Latin, Cyrillic, Arabic, or Devanagari, and language ID

models handle dialects, code switching, and historical spellings. Phonetic normalizers and

transliteration modules then map outputs to modern forms without erasing original variants. This

routing layer reduces recognition errors dramatically and preserves the scholarly value of variant

spellings through parallel fields or linked representations.

Accurate layout analysis improves downstream HTR and OCR by ensuring that recognizers see

coherent lines rather than noisy composites, and it enables fine-grained enrichment, for example,
associating a caption with a specific image or linking a footnote to the correct anchor.

Script, Language, and Variant Detection

Quality Assurance and Validation

Role of Human-in-the-Loop (HITL) in Digitization
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Digitization is not simply a technical exercise; it is a form of cultural preservation. The British Library

has emphasized that AI should support, not supplant, archival expertise. Human curators are

indispensable in making interpretive decisions, especially when records concern sensitive histories

or marginalized communities.

Without human oversight, AI risks reproducing or amplifying historical biases present in its training

data. For example, models might overrepresent dominant groups while obscuring minority voices.

HITL frameworks establish guardrails, ensuring that digitized records are contextualized responsibly

and that cultural integrity is maintained.

Another strength of HITL is its iterative nature. Human corrections and feedback can be fed back

into AI systems, improving model performance over time. This creates a cycle in which machines

become more accurate through exposure to human expertise, while humans benefit from

increasingly reliable AI assistance. The result is not static digitization but an evolving partnership

where systems learn and adapt with each project.

Historical records are complex, and many contain culturally sensitive or contested content. Left

unchecked, AI models may replicate or amplify historical biases, marginalizing certain groups or

misrepresenting context. Human reviewers are critical for auditing AI outputs for systemic errors and

applying corrective measures. This might include rebalancing datasets, flagging discriminatory

terminology, or contextualizing sensitive records with annotations. By actively reviewing bias and

sensitivity, archivists ensure that digitization projects do not unintentionally distort or erase aspects

of the historical record.

A key benefit of HITL workflows is that corrections and human feedback can be systematically fed

back into AI models. This creates an active learning loop in which systems continuously improve

with each project. Beyond improving accuracy, this process also builds provenance: each correction

or validation is versioned and attributed, ensuring transparency about how digitized records were

created and modified. Provenance trails allow future researchers to trace decisions, understand why

certain corrections were made, and place greater trust in the outputs. In this way, HITL is not just

about error correction but about creating a self-improving ecosystem of digitization. In successful

hybrid frameworks such as Transkribus, feedback from thousands of users continually refines model

accuracy and layout-recognition performance, embedding community-driven learning into AI

development.

Ethical and Cultural Preservation

Continuous Feedback Loops

Bias and Sensitivity Review

Active Learning and Provenance
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The most immediate benefit is the ability to operate at unprecedented scale. AI can process billions

of pages of historical records in a fraction of the time it would take human transcribers. When paired

with human oversight, institutions can rapidly expand access to vast archives while maintaining

quality. 

AI models, particularly in handwriting recognition and OCR, have improved dramatically, but errors

remain common in historical contexts where documents are damaged, scripts vary, or languages

shift. Human reviewers provide the necessary corrective layer, catching mistakes that machines

miss. This interplay of automation and human validation leads to outputs that are both efficient and

trustworthy, which is crucial for research integrity and long-term preservation.

Digitization powered by AI-human collaboration extends accessibility in multiple dimensions. Fragile

or deteriorating documents that cannot withstand handling are preserved digitally and made

available to a global audience. Projects such as Europeana and Ireland’s Virtual Record Treasury

demonstrate how archives once confined to specific locations can now be accessed across borders,

empowering both researchers and the public.

Perhaps the most transformative benefit lies in the new scholarship opportunities. Once records are

digitized and enriched with metadata, researchers can cross-reference people, events, and places

across collections. AI identifies patterns and relationships, while human experts validate their

relevance and meaning. The result is the creation of knowledge ecosystems that support deeper

and more interdisciplinary inquiry, opening doors to insights previously hidden in the archives.

The integration of AI and human expertise in digitization delivers a set of benefits that neither could

achieve alone. This hybrid approach ensures that archival projects are not only faster and more

cost-effective but also more accurate, inclusive, and impactful for research and society at large.

Scale

Accuracy

Accessibility

Scholarship

Benefits of AI-Human Collaboration
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Adopt human-in-the-loop frameworks as standard practice: HITL should be embedded into

digitization pipelines, not treated as an optional safeguard.

Strengthen cross-institutional collaborations: Partnerships between archives, libraries, and

museums can share tools, datasets, and expertise, reducing duplication of effort.

Engage the public responsibly: Expand crowdsourcing programs with clear guidelines,

ensuring that volunteer contributions are valued and integrated ethically.

Develop knowledge graphs with interpretive oversight: While AI can structure data, archivists must

guide how entities and relationships are defined to avoid misrepresentation.

Advance domain adaptation methods: New HTR and NLP models should prioritize adaptability

to diverse scripts, languages, and document conditions.

Create evaluation benchmarks: Establish shared standards for accuracy, bias detection, and

ethical auditing of digitization technologies.

Study cultural impacts of AI in archives: Research should extend beyond technical

performance to assess how automation shapes historical narratives and public understanding.

These recommendations emphasize that digitization is not merely a technical challenge but a

cultural and ethical one. Policymakers can create enabling environments, institutions can

operationalize responsible practices, and researchers can push the boundaries of innovation.

Together, they can ensure that AI-human collaboration delivers archives that are accurate,

accessible, and meaningful for future generations.

Invest in hybrid digitization models: Funding should prioritize projects that combine

automation with human expertise, ensuring both scalability and quality.

Mandate transparency in AI workflows: Institutions using AI for cultural heritage should

disclose model training data, accuracy metrics, and validation processes.

Support inclusive access policies: National strategies should encourage open access to

digitized materials while respecting cultural sensitivities, particularly for Indigenous and

marginalized communities.

For Institutions

For Researchers

For Policymakers
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To realize the full potential of AI-human collaboration in digitization, stakeholders across the archival

ecosystem must take deliberate steps. These recommendations address policymakers, institutions,

and researchers, each of whom has a distinct role in shaping the future of digital heritage.

Recommendations for Digitization
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By embracing human-in-the-loop models, institutions can ensure that digitization is not only efficient

but also reliable and inclusive. This approach transforms fragile, fragmented, and often inaccessible

records into digitized knowledge ecosystems that serve both scholarly and public needs. The

benefits extend beyond preservation to create opportunities for discovery, cross-referencing, and

interdisciplinary research that were previously unimaginable.

The path forward requires intentional design: adopting hybrid workflows, establishing standards for

evaluation, and building collaborative networks that cross institutional and national boundaries. With

these foundations, AI-human collaboration can safeguard cultural heritage while expanding its reach

to new audiences.

Digitization is not about replacing humans with machines. It is about augmentation, leveraging the

strengths of both to preserve the past and make it accessible for the future. Done responsibly, this

partnership will ensure that archives remain living, dynamic resources that strengthen collective

memory and foster deeper understanding across generations.

The digitization of historical records has entered a new era where artificial intelligence and human

expertise must work side by side. AI provides the scale and speed necessary to process billions of

documents, but without human oversight, it risks producing incomplete, biased, or misleading

results. Archivists, curators, and engaged communities bring the contextual knowledge, ethical

judgment, and cultural sensitivity that machines lack.

Conclusion
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Digital Divide Data (DDD) is uniquely positioned to support institutions seeking to digitize historical

archives through AI-human collaboration. With decades of experience in large-scale data services

and a global workforce trained in both traditional digitization and modern AI-enhanced workflows,

DDD provides end-to-end solutions that balance efficiency with cultural and scholarly integrity.

How We Can Help

DDD offers comprehensive digitization services that include document scanning, transcription, and

conversion into structured formats such as XML or knowledge graph-ready datasets. These services

are designed to handle fragile, multilingual, and complex collections with precision and care.

DDD integrates advanced AI tools, including handwriting recognition and natural language

processing, into its digitization pipelines. Crucially, these tools are paired with human validation to

ensure accuracy, context sensitivity, and ethical reliability.

At the core of DDD’s model is its distributed workforce. Teams of trained annotators, subject matter

experts, and language specialists provide the cultural and linguistic oversight necessary for high-

quality digitization. This ensures that outputs reflect not only technical accuracy but also historical

nuance.

Beyond transcription, DDD supports the creation of knowledge graphs and metadata enrichment,

allowing institutions to connect records across collections and make them interoperable with

platforms. This adds significant value by enabling researchers and the public to explore archives as

interconnected networks of knowledge.

DDD is committed to ethical digitization. Its workflows emphasize inclusivity, transparency, and

respect for cultural heritage, particularly for archives involving marginalized or sensitive histories.

By ensuring that human reviewers remain central to the process, DDD safeguards against

distortions and misrepresentations that could arise from automation alone.

Digitization Services

AI-Enhanced Workflows

Global Human Expertise

Knowledge Graph Development

Ethical and Inclusive Practices
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