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ABSTRACT  
While Open Science emphasises openness and reproducibility, governance documentation does not necessarily 
incorporate these features. It raises concerns, especially compared to government policy mandates emphasising 
transparency and accountability. Persistent identifiers (PIDs) play a crucial role in enabling the discoverability, accessibility, 
and traceability of scholarly outputs. However, PIDs see widespread adoption among individual practitioners but slower 
adoption within institutional and regulatory bodies. This discrepancy leads to uneven metadata usage and highlights the 
need for a more unified approach to PIDs across the scholarly ecosystem. This essay analyses 46 Open Science 
governance documents to pinpoint essential areas for improvement. The inconsistencies across documents, the absence 
of digital object identifiers (DOIs), and varied recognition ability by bibliographic managers underscore the urgent need for 
standardisation. Embracing Open Science offers a promising avenue to unify stakeholders in a collective push towards 
bolstering the integrity and efficiency of research, thereby ensuring more robust governance. 
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Introduction 
As noted by Wilkinson, researchers underscore the critical importance of openness and reproducibility, mainly focused on 
FAIR Data Principles (Wilkinson et al., 2016); despite this emphasis, a stark contrast arises when examining the 
governance policies at the heart of this movement; often, the structures of governance documentation inadequately reflect 
these core values (standardisation, version control, persistent identifiers, and comprehensive metadata). This discrepancy 
underscores the urgent need for governance frameworks to embody the principles of Open Science better, ensuring a 
coherent and robust application of its ideals throughout the scientific community (Nosek et al., 2015). 

This difference becomes even more profound when juxtaposed against government policy mandates (Davis, 2015), driving 
us to the question: Why doesn't Open Science apply the same rigour of its mandates to its governance? Open Science’s 
policy mandates have recognised the significance of transparency in their decision-making, formulation, and 
implementation processes (Gustafsson, 2019). Moreover, policies are constantly revised, necessitating transparent 
record-keeping of their evolutions (Cruz et al., 2019). Transparent record-keeping ensures accountability, enables public 
scrutiny, and guarantees that policies are based on reliable evidence. Furthermore, documenting the research, data, and 
analysis that inform policy decisions and maintaining explicit version control of policy documents is crucial for tracking 
changes and ensuring consistency over time. Recording consultation and stakeholder engagement processes remain 
essential (Silveira et al., 2023). It is urgent to re-envision the governance structures of Open Science, ensuring they uphold 
and exemplify the principles they advocate.  

Though aspiring to ideals like transparency, traceability, and version control, the Open Science Framework reveals gaps in 
its practical application. Transparency is not uniformly implemented across disciplines, with some fields withholding data 
and methodologies (Collier, 2015; Gulland, 2018; Miyakawa, 2020). Similarly, traceability suffers from inconsistent 
documentation of data provenance, obstructing reproducibility (Hernández & Colom, 2023; Shiffrin et al., 2018). While 
standard in software development, version control remains underutilised for datasets and research protocols (Klump et al., 
2021; Koehler Leman et al., 2020; Research in Progress Blog Version Control for Scientific Research, 2013). Persistent 
identifiers (PIDs) and metadata schemes are essential tools for findability, accessibility, and interoperability, and their 
consistent application is crucial for adhering to FAIR principles (Hernández & Colom, 2023). Addressing these 
shortcomings is necessary for improving the reliability and overall impact of scientific research. 

Roles and Responsibilities in Implementing Open Science 
The stakeholders involved in Open Science can vary depending on the specific context and objectives of each initiative. 
Different authors have explored and categorized these stakeholders (Anger et al., 2022; Boon et al., 2021; Fecher & 
Friesike, 2013; Pontika et al., 2015). Additionally, educational resources such as the “OpenSciency Introductory Resources 
on Open Science - Stakeholders of Open Science: Who practices responsible Open Science and for whom?” (Almarzouq 
et al., 2023) provide further insights into these roles. Across these sources, a consensus emerges around at least five key 
stakeholder groups: researchers or scientists, institutions and funding agencies, publishers and platform providers, 
policymakers, and society. Each group contributes uniquely to implementing and sustaining Open Science practices, 
emphasizing collaboration and shared responsibility in achieving openness, transparency, and reproducibility in research.  

The distinction between Individuals or Practitioners (e.g., researchers, laboratories, and research groups) and Institutional 
or Regulatory Bodies (e.g., governments, policymakers, and funding agencies) highlights their distinct but interconnected 
roles. While practitioners focus on transparency, collaboration, and accessibility in research outputs, institutional bodies 
establish frameworks, standards, and indicators to guide and evaluate the adoption of Open Science principles. This 
differentiation recognises the operational autonomy of individuals while acknowledging the regulatory and evaluative roles 
of institutions. Both groups share core values such as ethics, transparency, accountability, and inclusivity, contributing to 
the traceability, accessibility, and interoperability of research outputs. 

It becomes necessary to consider how these roles interact through technological infrastructures (Borgman, 2015; Kratz & 
Strasser, 2015; Piwowar & Vision, 2013). Despite the tensions within both domains, they exhibit shared characteristics that 
promote dialogue between these contexts. These commonalities include technical aspects, such as PIDs, connectors 
between entities enabling the establishment of relationships and the exchange of information contributing to FAIR principles 
(Barcelona Declaration on Open Research Information et al., 2024), and values-based aspects, such as ethics principles, 
integrity, transparency, accountability, and inclusivity. 

By leveraging PIDs, both groups can enhance the reliability of the evaluation of the scientific process, thereby 
collaboratively advancing the goals of Open Science. These shared values and tools strengthen collaboration, promote 
interoperability, and foster trust in Open Science governance. 



The Pivotal Role of Persistent Identifiers in Open Science Governance 
Persistent identifiers (PIDs) are unique, long-lasting identifiers assigned to digital entities or objects like research articles, 
datasets, or researchers. Unlike other identifiers, PIDs are designed to remain stable over time, ensuring that they persist 
even when information systems change. They play a crucial role in enabling the discoverability, accessibility, traceability, 
and evaluation of scholarly outputs in Open Science (Cousijn et al., 2019; Fenner et al., 2019). High-quality metadata 
associated with PIDs ensures clarity and consistency in data representation, facilitating better integration and analysis 
across platforms. For example, metadata standards like those implemented in the DOIs allow research outputs to be 
seamlessly linked to funding information, institutional affiliations, and related datasets, creating a unified ecosystem that 
improves discoverability and reuse. 

We suggest a hierarchy design that presents the relationship between groups, values, objects, and PIDs (Figure 1). This 
design showcases how practitioners and institutions are linked through open science practices, supported by a variety of 
identifiers (e.g., DOI, ORCID iD, and ROR), fostering transparency and interoperability in research outputs. 

 

 

Figure 1. Persistent identifiers hierarchy design based on the following authors: (ARK Alliance, 2023; CERN, 2020; Cousijn et al., 2021; 
De Castro et al., 2023; Denk, 2014; Golodoniuc et al., 2017; Jones et al., 2011; Knoth et al., 2022; Marín-Arraiza, 2022; Peroni & Shotton, 
2019; Seidlmayer et al., 2022; Stein et al., 2003). Source: Own elaboration.  

Persistent identifiers can have several positive impacts on the governance of Open Science, highlighting their critical role in 
ensuring reliability, traceability, and the long-term preservation of research outputs. Here are some key points: 

● Unambiguous identification: Accurate referencing and attribution (Piwowar & Vision, 2013). 

● Linking and discoverability: Enhanced connectivity between research outputs (Mayernik, 2018). 

● Enhanced citation practices: Reliable citation tracking and impact assessment (Fenner et al., 2019). 

● Reproducibility and transparency: Easier tracing and accessing resources such as datasets, code, or other 
research (Starr et al., 2015). 

● Long-term preservation: Support the long-term preservation and accessibility despite URL changes (Meadows & 
Haak, 2018; Parsons et al., 2019). 

Additionally, the Joint Declaration of Data Citation Principles (JDDCP) (Data Citation Synthesis Group, 2014) offers 
principle-based recommendations for scholarly data citation, including persistent identifier schemes, resolution behaviour, 
metadata requirements, and best practices for ensuring machine-actionability citations. These principles are applicable to a 



wide range of Open Science actors, such as publishers, scholarly organisations, and persistent data repositories, and their 
comprehensive nature allows them to be extended to other stakeholders (Starr et al., 2015). 

PIDs and their kernel, which store metadata, attributes, and values, serve as crucial links that enable interaction between 
PIDs and entities (Weigel et al., 2018).  These connections, accessible to both machines and humans, transcend simple 
data exposure by creating a dynamic tapestry of interactivity, wherein each PID, through its unique identifier, plays a 
specific and interconnected role within the larger narrative (Golodoniuc et al., 2017; Lannom et al., 2015). These roles and 
relationships yield a more profound understanding of how entities within the system interact, facilitating deeper insights into 
the structure of the scholarly ecosystem and leading to more meaningful conclusions (Hardisty et al., 2021). 

The relationships enabled by PIDs and their kernel allow for a comprehensive recognition and understanding of the 
system's structure, facilitating the extraction of critical insights and meaningful deductions. The relationships enabled by 
PIDs and their kernel allow for a comprehensive recognition and understanding of the system's structure, facilitating the 
extraction of critical insights and meaningful deductions (Lannom et al., 2015). By unlocking the potential for a deeper 
understanding of these relationships, PIDs and their kernel (DataCite Metadata Working Group, 2021) play a pivotal role in 
enabling the scholarly ecosystem to generate significant insights and foster innovation. Acting as a bridge, PIDs link the 
research outputs of individuals to the activities of institutional and regulatory bodies, such as evaluation, funding, and 
regulation, ensuring a cohesive and interoperable framework for Open Science governance. 

Showing uncharted territories: the intermittent characteristics of a sample of Open 
Science governance documents 
In a review exercise of a sample of 46 documents about Open Science governance, conducted in August 2023, a diverse 
set of institutions and regulatory actors was included, such as UNESCO, LA Referencia, and the European Commission, 
considering institutional diversity, public availability and geographical representation. These documents were selected 
based on their relevance to Open Science governance and their representation of global and regional policy frameworks. 
The selection aimed to include a range of geographical contexts and organizational types, ensuring a comprehensive 
perspective on existing practices. The review considered the following variables: Document name, file type, institution – 
country, PDF/A , presence of DOI, other PIDs, and whether the metadata was recognized by Zotero, Mendeley, and in PDF 1

properties. The complete table is accessible at the Zenodo Repository (Hartley Belmar & Abedrapo Rosen, 2023). Table 1 
shows a summary.  

 

PDF document Is PDF/A Has PID Metadata 
recognised by 
Zotero 

Metadata 
recognised by 
Mendeley 

Metadata in PDF 
properties 

No 41 31 14 9 20 

Yes 5 15 32 37 26 

Table 1.“Review of documents about Open Science”: Synthesis source: Own elaboration.  

Analysis of findings 

The review revealed significant inconsistencies in the adoption of technical standards and metadata practices across the 
documents analyzed. Table 1 highlights the key characteristics of these governance documents, including their use of 
persistent identifiers (PIDs), metadata compatibility, and long-term preservation formats. 

The data shows that only 31% of the documents included DOIs, providing a basic level of traceability and discoverability. In 
addition, the PDF/A format, essential for long-term preservation, was used in just five documents, suggesting a limited 
focus on ensuring accessibility over time. Metadata embedded in PDF properties was inconsistently applied, which 
impacted the recognition of these documents by bibliographic tools like Zotero and Mendeley. 

Also seems to exist distinct patterns based on the type of issuing organization and their regional origins: 

International Organizations (e.g., UNESCO, European Commission, OECD): These institutions generally provide 
governance documents with a high degree of standardization, often including persistent identifiers (PIDs) such as DOIs for 
reports and recommendations. However, metadata implementation within documents, such as using PDF/A for long-term 
preservation, remains inconsistent. 

1 PDF/A is an ISO-standardized version of the Portable Document Format (PDF) specialized for archiving and long-term preservation of 
electronic documents (Oettler, 2013). 



Regional Networks (e.g., LA Referencia, COAR, African Open Science Platform): While these networks promote the 
adoption of PIDs, their reports display variations in DOI usage. Instead, many rely on internal or institutional identifiers, 
which limits interoperability across platforms. 

National Governments and Funding Agencies (e.g., UKRI, ANID, NIH, NSF): These entities enforce the use of PIDs for 
research outputs funded under their mandates, yet their own policy documents frequently lack persistent identifiers. This 
disconnect between regulatory expectations and internal documentation practices weakens overall transparency. 

Universities and Research Institutions: These show the most heterogeneity in standards adoption. Some institutions 
integrate RORs and DOIs into their governance strategies, while others still rely on closed systems or non-interoperable 
document references. 

It is essential to consider that the use of metadata analysis techniques can be detrimental when metadata is missing from 
policy documents because there are structural obstacles, such as significant, non-OCR (optical character recognition) 
prepared and unidentified documents, as well as inconsistencies in manually tagged metadata (Laparra et al., 2023). Such 
gaps in standardization highlight broader challenges in the implementation of PIDs and metadata in institutional and 
regulatory bodies.  While individual researchers have embraced these practices more widely (Porter, 2024), institutions 
often lag behind, resulting in documents that are less interoperable, harder to discover, and more difficult to preserve for 
future use. 

The inconsistency in metadata also affects how these documents are accessed and cited. Zotero recognized metadata in 
only 14 documents, while Mendeley successfully identified metadata in 20. This limitation poses challenges for those 
relying on these tools to manage and cite governance documents, reducing their accessibility and usability. 

We could relate those inconsistencies to several key functions in Open Science governance: 

Identification and Citation: The lack of DOIs makes it difficult to properly cite key governance documents in 
meta-research and policy evaluation studies. 

Discovery: Open Science governance documents remain difficult to index in bibliographic databases and search engines 
without interoperable identifiers and metadata. 

Reproducibility: The absence of structured metadata within these documents hinders effective tracking of policy evolution. 

Preservation: Only five analyzed documents used PDF/A, indicating that most texts lack long-term preservation 
assurances. 

Opportunities for improvement 

To address these gaps, governance bodies must prioritize the adoption of technical standards that align with Open Science 
principles. Recommended actions include: 

● Ensuring the systematic use of PIDs, such as DOIs and RORs, in all governance documents to improve 
traceability. 

● Standardizing metadata practices, including embedding structured metadata in PDF properties and ensuring 
compatibility with bibliographic tools. 

● Adopting PDF/A format to enhance document preservation and long-term usability. 

● Providing resources and training to institutional staff on the importance of persistent identifiers and metadata in 
Open Science governance. 

By implementing these measures, institutional and regulatory bodies can ensure their documentation supports 
interoperability, transparency, and the long-term goals of Open Science. 

CONCLUSION  

Open Science represents a transformative vision for research, emphasizing openness, transparency, and reproducibility. 
However, as this brief study reveals, governance documentation often falls short of these ideals, particularly in the adoption 
of standardisation and PIDs. The findings highlight significant inconsistencies in metadata practices, DOI usage, and 
long-term preservation efforts, which hinder traceability, discoverability, and interoperability—key pillars of a cohesive Open 
Science ecosystem. 



Persistent identifiers are not merely a technical solution; their success depends on trust, collaboration, and shared 
responsibility across the research ecosystem. Persistency requires more than technological infrastructure—it is a social 
and institutional commitment to ensuring the long-term reliability and accessibility of scholarly outputs. Without this 
commitment, the promise of PIDs risks failure, potentially resulting in what he describes as a "citational armageddon," 
undermining the foundations of Open Science (Askitas, 2010). 

Bridging the gap between individual practitioners and institutional and regulatory bodies is critical to addressing these 
shortcomings. Governance frameworks must not only encourage the consistent adoption of PIDs but also foster the cultural 
and operational shifts needed to sustain them. Embedding shared values of transparency, accountability, and inclusivity 
into governance policies will strengthen trust and collaboration across all levels of the research ecosystem 
(Ananthakrishnan et al., 2020).  

The recommendations outlined—mandating the use of PIDs, standardising metadata practices, adopting 
preservation-friendly formats like PDF/A, and providing training for institutional staff—align with the broader vision of Open 
Science. By integrating these measures, governance frameworks can promote interoperability and inclusivity while 
ensuring that Open Science principles are applied effectively in practice. 

As the scientific landscape continues to evolve, aligning governance policies with these core principles will enhance the 
credibility and impact of Open Science. A commitment to both technical standards and shared community values will 
facilitate seamless collaboration, improved interoperability, and efficient knowledge dissemination.  
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