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Introduction

The FAIR Data Principles, introduced in 2016 in the flagship paper by Wilkinson et al. [16], provide
guidelines for metadata, data, and infrastructures to ensure that these are Findable, Accessible, Inter-
operable, and Reusable. The process of data FAIRification encompasses a series of activities, such as
data modeling, cleaning, profiling, integration, preparation, and engineering, aimed at transforming
unFAIR data into FAIR-compliant data. Depending on the structure and quality of data sources,
FAlRification may involve a wide range of tasks, such as the development of semantic models,
the design of metadata schemas, data linking, data analysis, and implementation/deployment of
resources for data access.

The data property of being “FAIR” can be assessed at multiple levels of data granularity, spanning
repositories, data sources, data lakes, datasets, data sheets, data models, and even individual
data items. Moreover, the principles apply across numerous scientific domains, including the
natural sciences (e.g., biomedicine, chemistry, astronomy, agriculture, earth and life sciences),
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engineering, as well as the humanities and social sciences. In many research contexts, adherence to
FAIR principles has become not only a hallmark of high-quality data but also a prerequisite for
publication or funding. Here, we shall note that, in the information sciences community, there exists
another concept of “fairness” [4], which is more concerned with Machine Learning and should not
be confused with the property of FAIR data.

The close relationship between data FAIRification and data quality provides a rich foundation
for further research. It inspires the development of new methods, tools, and best practices to
effectively merge FAIR principles with advanced data quality frameworks, thereby strengthening
the reliability, credibility, and usability of data assets in data ecosystems. This special issue brings
together recent progress in both the theory and practice of data quality within the broader context
of data FAIRification (the process through which data is made FAIR) and FAIRness (the measure of
how much data is FAIR). While several aspects regarding FAIR have been analyzed in recent works,
including their compliance in datasets [12], computational workflows [17], ecosystems [8], a focus
on data quality has not been proposed yet. This special issue explores this new space and opens up to
a community that is less used to talking about FAIR (typically employed in the life sciences [14, 15]).

Articles Included in the Special Issue

This special issue collected recent advances in exploring FAIR dimensions with a data quality
perspective. A total of 10 submissions (8 technical papers, 1 survey, and 1 resource paper) were
accepted from 21 submitted articles. We present the articles divided into three main groups: the
first comprises works that focus on a specific principle (Interoperability or Reusability); the second
includes works that describe architectures for managing FAIR data; the third contains works on the
assessment of (non)FAIR-compliant data.

FAIR principles. The article “A principled approach to validation of persistent identifiers”, by
Bronselaer [2], proposes a formal framework to validate persistent identifiers in FAIR data pipelines,
addressing Interoperability issues caused by incorrect identifier usage (with a strong link to Find-
ability and Accessibility as well). The approach introduces group expressions (i.e., formulas using
capture groups from regular expressions) to enable robust validation. The author develops a REST-
based validation server implementing this framework and evaluates it on three real-world datasets.
Results demonstrate that the method scales efficiently to millions of instances, offering a practical
and reliable solution for ensuring identifier consistency in FAIR data management.

The article “Ontology-Based Schema-Level Data Quality: The Case of Consistency”, by Cima
et al. [5], presents a novel data quality framework grounded in Ontology-Based Data Management
(OBDM), specifically designed for metadata analysis. Focusing on the Data Quality “Consistency”
dimension, the authors propose techniques to assess the alignment between database integrity
constraints and ontological (i.e., Interoperability-related) knowledge. The framework enables the
evaluation of whether such constraints are both sufficiently protective and appropriately faithful
to the encoded domain knowledge. Furthermore, the paper investigates the related computational
problems, providing a detailed complexity analysis and proving decidability for widely used classes
of OBDM specifications and constraints.

The article “Sustainable quality in data preparation”, by Pernici et al. [6], explores data preparation
sustainability through the lens of the circular economy, emphasizing practices that reduce waste,
extend data life cycles, and promote reuse in line with the Reusability FAIR principles. It high-
lights the challenges of maintaining high data and metadata quality amid scalability and resource
constraints. The authors propose an evaluation model that combines data quality metrics with
sustainability parameters for both human and computational processes. Applied in a comparative
study of data preparation methods, the model shows its value in balancing quality and sustainability
within modern data pipelines.
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FAIR architectures. The article “The BigFAIR Architecture: Enabling Big Data Analytics in FAIR-
compliant Repositories”, by Castro et al. [3], introduces BigFAIR, a novel architecture designed to
enable large-scale, FAIR-compliant management of scientific data and metadata. Addressing the
challenges of volume, variety, and velocity in research data, BigFAIR separates infrastructures for
data and metadata to enhance flexibility, maintain data ownership, and reduce development efforts.
The authors define pipelines and guidelines for their implementation, alongside a generic metadata
warehouse model supporting analytical query processing. A case study on two real-world datasets
demonstrates BigFAIR’s scalability and effectiveness in supporting big data analytics within FAIR
repositories.

The article “xFAIR: A Multi-Layer Approach to Data FAIRness Assessment and Data FAIRification”,
by Longo et al. [10], presents xFAIR, a multi-layer platform architecture designed to assess and
enhance data FAIRness across multiple domains. Addressing the gap between FAIR principles and
their practical implementation, xFAIR integrates modules for data acquisition, FAIRness evaluation,
and ontology support. Its applicability is demonstrated through three real-world use cases: public
administration, European data portals, and news media, each emphasizing domain-specific quality
improvements. The results highlight the value of combining automated metadata validation with
community-driven feedback to strengthen data quality and sustain FAIRification efforts.

The article “A GenAlI System for Improved FAIR Independent Biological Database Integration”, by
Sakib et al. [13], presents FAIRBridge, an Al-driven system that helps life science researchers query
and integrate data from diverse biological databases, including those not fully FAIR-compliant. It
uses natural language processing to interpret user intent, identify relevant sources, and generate
executable queries automatically. FAIRBridge improves data accessibility, accuracy, and responsive-
ness through intelligent resource mapping and quality control. The system also supports crowd
curation and exploration of alternative data sources. Overall, FAIRBridge streamlines scientific data
discovery and hypothesis testing through an intuitive, automated interface.

The resource paper “An Extract, Transform, Load foundation for Biobank Data Interoperability”,
by Cruoglio et al. [7], introduces a framework for converting biobank datasets into HL7-FHIR
transaction bundles, enabling seamless connection to the BBMRI-ERIC Federated Search platform.
The approach simplifies data harmonization and FAIR compliance by automating the extraction,
transformation, and loading of data from local systems. Implemented through a Python-based toolkit,
it generates FHIR-ready JSON files for integration into federated networks. Successfully adopted
by three BBMRLit biobanks, the framework enhances interoperability and supports standardized,
privacy-preserving data sharing across research infrastructures.

FAIR assessment. The article “Towards Realistic Error Models for Tabular Data”, by Jung et al. [9],
tackles the challenge of understanding and modeling data errors in modern data pipelines, par-
ticularly their impact on downstream tasks such as machine learning. Addressing the lack of
FAIR-compliant practices and the oversimplification of existing error models, the authors propose
a latent factor model for tabular data errors that captures complex dependencies among error types
and distributions. The model separates error sampling from error types, allowing flexible extensions
and realistic simulations. Extensive experiments on data cleaning and ML benchmarks show that
this approach effectively models real-world error behavior and enhances the reproducibility and
robustness of data quality research.

The article “Quality Dimensions and Evaluation Framework for Machine-Actionable DMPs”,
by Arnhold et al. [1], presents a conceptual framework for the automated evaluation of machine-
actionable Data Management Plans (maDMPs), emphasizing FAIR assessment and funder compli-
ance. Building on community input and prior work, the authors define a taxonomy of evaluation
goals, dimensions, and metrics, and introduce the DMP Quality Vocabulary (DMPQV) to standardize
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quality measurements. A prototype implementation, validated through a case study with the Science
Europe Practical Guide, extends the RDA maDMP standard to support funder-independent metrics
such as completeness, feasibility, and compliance. The results show that automated evaluations can
align with manual assessments and promote consistent, transparent DMP quality reporting.

The article “FAIRness of the Linguistic Linked Open Data Cloud: an Empirical Investigation”,
by Pellegrino et al. [11], assesses the compliance of Linguistic Linked Open Data (LLOD) datasets
with the FAIR principles to evaluate their overall quality. Through a systematic literature review of
69 datasets published between 2014 and 2024, the authors employ the KGHeartBeat framework to
analyze FAIR alignment across key data quality dimensions. Results show that LLOD datasets remain
only partially findable and accessible, with limited interlinking and insufficient open licensing
hindering reuse. The paper introduces a novel mapping between FAIR principles and data quality
dimensions, offering a structured basis for improving LLOD accessibility and interoperability.
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