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Objectives of the course

1 Clearly identify the role of Persistent Identifiers (PIDs) and metadata in
supporting African scholarship and open research practices.

1 Learn how to use DataCite's metadata and tools effectively to extend
the role of PIDs beyond just DOI assignment.

1 Explore affordable and practical methods to access and utilize open
infrastructure to improve research visibility and accessibility.

1 Responsible Al and open research infrastructure

1 Identify actionable steps to join DataCite as members, with a focus on
affordable solutions tailored for African institutions.

1 Discuss success stories of African institutions that adopted DataCite
DOI

Module 1

Introduction to Open research infrastructure for visibility and accessibility

Learning objectives

v

0 Define key concepts in open research infrastructure, including
persistent identifiers, metadata standards, and FAIR principles.

0 Explain the role of DOIs, ORCID, ROR, and open repositories in
enhancing research visibility.

Subtopics

1. Introduction

2. Why libraries

3. What are PIDs? Definitions, key concepts and common types of
Persistent Identifiers (PIDS) in research (DOls, ORCID iDs, ROR, ISSN,
ISNI, Handle, ARK)

4. Open Research infrastructure
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Module 2 /-

Persistent Identifiers (PIDs) and metadata for African scholarship and
open research practices

Learning Objectives

0 Understand the importance of Persistent Identifiers (PIDs) in
scholarly communication.

0 Explore how PIDs enhance the visibility and impact of African
scholarship.
0 Learn about metadata standards and best practices for open

research.
0 Examine the role of PIDs in research integrity, collaboration, and
funding.

Subtopics
a. PIDs in the African Research Ecosystem
b. Implementing and Managing PIDs in Research Workflows
c. Metadata and Open Research Standards
d. PIDs and Open Research Infrastructure
e. Policy and Governance for PIDs in African Research

Module 3

Creating DOIs

Learning Objectives

0 Understand what a Digital Object Identifier (DQOI) is and explain its role
in scholarly communication.

0 Distinguish between DOI registration agencies (e.g., DataCite vs.

Crossref) and their use cases.
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0 Understand the DataCite Metadata Schema v4.6, including mandatory,
recommended, and optional properties.

0 Assess how creating DOIs through DataCite supports knowledge
equity, indigenous representation, and multilingual metadata.

0 Learn to advocate for DataCite DOI adoption in African libraries and
repositories as part of open infrastructure strategy

Subtopics
a. DOls

b. More about metadata

@ ™~ 0o a0

Doing registration agencies

Who is DataCite

The DataCite metadata schema

Markup language for DataCite schema

Why DataCite is suitable for African libraries and other documentary
and cultural heritage institutions

Module 4 - Responsible Al and open research infrastructure

Learning Objectives

O« O¢ O«

O¢ O«

Explain the principles of Responsible Al and its relevance to research.
Understand how open research infrastructure supports ethical Al.
Identify the roles of libraries and information professionals in
promoting Responsible Al.

Apply FAIR data practices to support transparency and accountability.
Explore how tools like DataCite enable trust and traceability in Al-
driven research.

Outline advocacy and action steps for institutional or regional
engagement.

Subtopics

a.

Introduction to Responsible Al
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Roles of Libraries and Information Professionals in Responsible Al 4

Intersection of Responsible Al and Open Research Infrastructure
FAIR data and ethical stewardship in the age of Al
DataCite and Responsible/Ethical Al Ecosystem
Policy, Advocacy, and Community Engagement
Future Trends and Action Planning

®© o O T

Module 5 - Actionable steps to join DataCite community

Learning Objective

This module will provide practical steps on how to join DataCite community
as well as the low-cost options available for African libraries to do this.
a. Membership options
l. Direct membership vs. joining through a consortium
ii. African-friendly models: national and regional consortia
iii. Realistic paths based on institutional size and resources
b. How to get started: Step-by step
c. Low-cost and Low-code solutions
I. How small or under-resourced institutions can participate
ii. Using existing repositories, platforms, or partners
iii. Service providers and support options
d. What happens after joining?Growing in the community
e. success stories of African institutions that adopted DataCite DOI
Infrastructure:
l. Busitema University, Uganda
ii. CUT, Zimbabwe
iii. South Africa
iv. lITA, Nigeria (Pan Africa)
V. Mekelle University, Ethiopia
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Module 1 - Introduction to Open research
infrastructure for visibility and accessibility

(X I
O.‘

1. Introduce yourself and your institution.

2. What is your understanding of open science?

3. The UNESCO Open Science Recommendation asks Member States to
do 7 things. Which of those 7 steps or activities do you think libraries
and librarians should take the lead or be a part of?
https://www.unesco.org/en/open-science/about

*Participation in this group discussion contributes to a percentage of your
final grade. Please don't start a new discussion, please answer the question
prompts in this discussion forum. Please answer with as much detail as
possible. Use this opportunity to engage with your colleagues by replying to
their responses. One-word contributions and replies will not be counted
towards your grade.
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Introduction to Open research infrastructure for visibility and accessibility

1. Introduction

2. Why libraries

3. What are PIDs? Definitions, key concepts and common types of
Persistent Identifiers (PIDS) in research (DOls, ORCID iDs, ROR, ISSN,
ISNI, Handle, ARK)

4. Open Research infrastructure

Open research infrastructure for visibility and accessibility

1. Introduction

Research is at the root of unabating innovations and advancements that the
world is now experiencing in biotechnology, nuclear warfare, information
technology and Artificial Intelligence, etc. Research is no longer an esoteric
activity but has become recognized as the heart, the fulcrum for birthing
innovative solutions that drive inclusive and sustainable development in all
sectors of human existence. It is therefore understandable why the UNESCO
Open Science Recommendation underscores the need for research
processes and outcomes to be open, sharable, and reusable, organized and
supported with infrastructure in such a way that provides visibility and

accessibility so that everyone can benefit from knowledge for a better world.

Metadata and persistent identifiers (PIDs) are the pillars that support
discoverability, integrity, openness and reproducibility in open research
infrastructure and open science ecosystems. This course aims to take African
library professionals into a clear understanding of PIDs, how to use open,

standardized metadata to improve discoverability and interoperability and
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how their libraries can leverage on DataCite tools and services toadopt”
Persistent Identifiers (PIDs) (e.g., DOIs for datasets, ORCID iDs for researchers).
Critically, the course will help African librarians recognize how their libraries
can utilize PIDs to support African scholarship and promote open research

practices.

2. Why libraries?

When it comes to opening up knowledge, data and research as well as the
infrastructures that make open and sharing possible, libraries have key roles
to play as centres and trusted hubs for research support services, access
points for resources. In the past, the focus of most libraries was creating

access to information resources.

However, as digital resources continue to grow as well as the understanding
of the place of knowledge in driving innovations that lead to sustainable
development, it became clear that libraries need to become deeply involved
in establishing and maintaining the infrastructure and services necessary for
sharing knowledge, enabling collaborations in knowledge creation and reuse
as encapsulated in the UNESCO Open Science and Open Educational
Resources Recommendations. Libraries began to offer services with
institutional repositories, data repositories and the promotion of open access

journals and monographs.

In order for libraries to efficiently assist researchers to organize, store, protect,
and share their research and research data in accordance with ethical and
standardized formats, these professionals need to understand the place of

metadata, persistent identifiers and DOls (Digital Object Identifiers) as
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elements that are absolutely essential for creating the needed connections”
between researchers and their contributions while also providing the
pathways and mechanisms for the interoperable sharing of data across

systemes.

Introducing the use of persistent identifiers (PIDs) and Digital Object
Identifier in the workflows of libraries would help the professionals in these
institutions to ably create connections between resources and entities
thereby promoting the use of FAIR (findable, accessible, interoperable, and

reusable) principles for ethical research and knowledge creation.

Again, when library professionals gain deep insights into PIDs, it can become
a rallying point for creating standards and awareness about mandatory
submission guidelines for Institutional Repositories as well as how such can
drive visibility of academic work and research outputs of the academia. This
has a high probability of increasing the volume of research from Africa and
the rankings of tertiary institutions in the continent as PIDs can play useful
roles in the evaluation of institutional repository usage, and other

benchmarking activities.

3a. What are PIDs? Definitions and key concepts

An identifier is generally any label or name that is used to uniquely
distinguish an entity or item which could be a physical object, a digital entity,
or a concept. Generally, URLs or links act as identifiers as they can be used to
locate digital content. Nevertheless, they can change or give the 404 notice

due to the constant changes in the internet brought on by its expansion
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which makes it difficult to perpetuate steady and interminable records of”

digital objects.

PIDs, or Persistent Identifiers are unique ID numbers or a unique string of
characters that go further than distinguishing one digital item or entity from
another. They are unique, persistent labels that serve as long-lasting
references used to identify and locate digital objects like publications
(including journal articles, journals, monographs, presentations, unpublished
reports etc), data, software, researchers, scientific samples, funding bodies, or

a set of geographical coordinates.

PIDs do not suffer digital attrition as traditional URLs that can break or
change. Rather, they are distinctively designed to remain stable over time,
even if the underlying data or object changes location or ownership thus,
they can remain functional even if the location or web address of the object
changes. PIDs are persistent because the links do not rot and do not let
libraries and researchers experience the “404 Not Found” error as they try to
locate resources. This is possible because a PID is usually linked to a set of

metadata that describes an object rather than to the object itself.

PIDs are valuable machine-readable assets that enable information sharing
across systems as different platforms and databases exchange information
consistently and unambiguously about digital objects and publications using
them. It is a global system of disambiguation that ensures one can reference
a particular work or object with no confusion even if there are other works

with the same title or other researchers with the same names and initials.
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This provides a reliable pathway for tracking citations and attributions,”

scholarly contributions and allows data reuse.

PIDs can also be used to create networks of linked data that librarians can
use to identify other resources/objects associated with a PID. Libraries can
also use PIDs to link research components, find related articles and assist
researchers identify possible collaborators. This is important as libraries not
only provide services that lead to the discovery of information resources that
could be any type of digital object, but they also should be able to link such
resources to other digital objects such as supporting data, and related
research. This will underscore the relevance of library professionals in

information retrieval.

Use of PIDs by libraries can assist them to create knowledge graphs of
research and creative outputs from their institutions. Furthermore, use of
PIDs can help libraries to ensure long-term access to and reliable
identification of digital resources they recommend to their user communities.
Thus, PIDs can be viewed as stable, machine-readable and human-readable
references that allow for consistent and clear identification, verification,and
sharing of information about digital objects and content across different

systemes.

There are different types of PID for various kinds of resources. There are
commonly two varieties of PIDs in the research ecosystem: PIDs for objects
(publications, data, software, such as URNs, DOIs, ARKs, Handle) and PIDs for

people (researchers, authors, contributors, such as ORCIDs, ISNIs).
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3b. Common types of Persistent Identifiers (PIDs) in research (DOls, 4
ORCID iDs, ROR, ISSN, ISNI, Handle, ARK)

The following are the common types of Persistent Identifiers (PIDs) used in
research and knowledge creation activities.

a. Digital Object Identifiers (DOIs): This is a widely used PID for identifying
scholarly articles (including monographs), datasets, presentations and other
research outputs. DOIs are persistent, meaning they remain stable even if the
resource's location changes. The DOI assigned to a given research object
distinguishes it from other works, including other versions of the same

intellectual material. https://zenodo.org/https://datacite.org

b. ORCID (Open Researcher and Contributor ID): A unique, persistent
identifier for researchers and contributors,that helps to distinguish
individuals and link them to their research outputs, creative content and
innovations. These PIDs assist institutions and establishments to keep track
of the outputs of their employees/researchers/staff and disambiguates
between individuals with similar names as each person’s work is rightly

attributed to him/her https://orcid.org/

c. ROR (Research Organization Registry): A global, open registry for
identifying and providing research organizations like universities, institutions,
and funding agencies with persistent identifiers. It is the default identifier
that is integrated into Crossref DOI metadata, DataCite DOl metadata, and
ORCID. ‘ROR makes it easy for anyone or any system to disambiguate
institution names and connect research organizations to researchers and

research outputs’ https://ror.org/.
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AfLIA’s ROR ID can be accessed here - https:;//ror.org/05h39qc65 7

d. International Standard Serial Number (ISSN): A global identification code
made up of 8 digit numbers and characters used by publishers, libraries,
information service providers, bar coding systems, and union catalogues, for
the identification of serial publications, such as newspapers, journals,
magazines and other periodicals in print and electronic formats. Issuance and
management of ISSN are handled by registration agencies such as National
Libraries. With 93 national centres spread across the globe, the ISSN
International Centre has bibliographic details for more than 2.3 million serials.
It is also linked to the databases of SCOPUS and DOAJ (Directory of Open
Access Journals). Like ISBN which is well known to library professionals,

(https://www.isbn-international.org/content/what-isbn/10) and which is also

issued through National Libraries, ISSN has been in use as a persistent
identifier for a long time

https://portal.issn.ora/https://www.issn.org/understanding-the-issn/what-is-

an-issn/

e. ISNI (International Standard Name Identifier): A global, standardized and
unigue persistent identifier for creators of creative works including novels,
musical works, sound recordings and other types of media content as well as
all the entities that are involved in the production and distribution process
(illustrators, translators, editors, publishers, imprints, data aggregators.

https://isni.org/

f. Handle: The Handle System is a feature in the architecture of PIDs and is
used as the basis for other persistent identifiers like DOIls. Each Handle
Advancing Open knowledge in Africa through Persistent Identifiers and Open Research Infrastructure

© 2025 by AfLIA is licensed under CC BY 4.0 - Creative Commons Attribution 4.0 International. To view a
copy of this license, visit https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/
https://ror.org/05h39qc65
https://www.isbn-international.org/content/what-isbn/10
https://portal.issn.org/
https://portal.issn.org/
https://www.issn.org/understanding-the-issn/what-is-an-issn/
https://isni.org/

13

identifies a single resource, and the organization which created and/or now

maintains the resource. Organisations apply at https://handle.net to receive a

prefix to be used for the handle IDs that would be unique to them. Thus,
Handle acts as a digital fingerprint, a stable reference point for digital objects
including publications, datasets, software, and other research outputs. It
typically consists of a prefix (assigned to the owning organization- of the

digital object) and a suffix (unique to the resource) separated by a slash.

g. Archival Resource Key (ARK): These are persistent identifiers designed to
ensure long-term access to information objects such as digital and physical
objects, living beings and groups including companies and orchestras as well
as intangible objects such as performances, chemicals, places etc. ARKs
persistent identifiers are unique as they have the ability to lead one to the
digital object being sought as well as to the descriptions of those objects.
‘ARK can be assigned to anything digital, physical, or abstract. That can
include things that don't yet exist but to which you need to refer from objects
that you're in the process of creating or planning, such as a link from a draft
article to a dataset under preparation, or a link from an archived digital

letter..! https://arks.org/about/ark-overview/

4. Open Research Infrastructure

Open Infrastructure fosters collaboration as well as the adoption of open
standards, ensuring the transparency, reusability, reproducibility, and long-
term sustainability of scientific research. Open research infrastructure is
made up of shared digital tools and services that support and enable open
science practices. It incorporates a wide range of platforms and repositories
Advancing Open knowledge in Africa through Persistent Identifiers and Open Research Infrastructure

© 2025 by AfLIA is licensed under CC BY 4.0 - Creative Commons Attribution 4.0 International. To view a
copy of this license, visit https://creativecommons.org/licenses/by/4.0/

AN


https://creativecommons.org/licenses/by/4.0/
https://handle.net/
https://arks.org/about/ark-overview/

14/

N\

that aid the dissemination, preservation, and accessibility of research outputs,/
including publications, data, software, and other digital objects. Open
research infrastructure supports research, education, and knowledge
creation, often with a focus on openness and accessibility. It drives
collaboration, promotes open standards, and ensures the transparency,
reliability, reusability, and long-term sustainability of scientific
research/knowledge. Because it is open, it is mostly community-driven rather

than proprietary with centralized control.

The key goals of Open research infrastructure are to:
- provide spaces for researchers to share their work openly,

- promote the open sharing of research data, making it discoverable,
accessible, and reusable,

- ensure that research outputs are preserved and accessible for future
use

- foster collaboration among researchers and promotes transparency in
the research process

Examples

Examples of open research infrastructure include preprint servers that enable
researchers to share pre-publication versions of their work such as arXiv e-

print archive (https//arxiv.org). The Pan-African e-print archive can be

accessed here - httpsy//info.africarxiv.org Open data repositories such as

Dryad (https//datadryad.org) and Zenodo (https//zenodo.org)where
researchers can deposit, share and preserve their datasets including

presentations are also part of the open research infrastructure. Open access

Advancing Open knowledge in Africa through Persistent Identifiers and Open Research Infrastructure
© 2025 by AfLIA is licensed under CC BY 4.0 - Creative Commons Attribution 4.0 International. To view a
copy of this license, visit https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/
https://datadryad.org/

research journals, books and platforms that enable research and knowledge/
creators to share their works, as well as Persistent identifiers and Digital

Object identifiers such as are provided through ORCID and DataCite.

Module 1 Assignment

1. Create an ORCID ID for yourself if you do not have one already.
https://orcid.org/

- Find a presentation you had recently made (preferably in Powerpoint)
and upload to Zenodo. https://zenodo.org/

- Share the link and the DOI generated by Zenodo

- Share the ROR of your institution if it already exists or go ahead, create
one and share https://ror.org/

2. Check and see how many of these authors have ISNI IDs. Do you consider
the process for getting ISNI easy? Why not? https://isni.ora/page/search-

database/

- Ayi Kwei Armah Wangari Maathai
- Wole Soyinka Helon Habila

- Chimamanda Adichie Bessie Heas

- Tayeb Salih Chinua Achebe

- Alain Mabanckou Mariama Ba

- Ngugi Wa Thiong'o Sefi Atta

- Buchi Emecheta Mariama Ba

Further reading for Module 1
- Using Persistent Identifiers https://www.osti.gov/pids/using-pids
- Handle System https://en.wikipedia.org/wiki/Handle_System

- ARK Identifiers
FAQhttps://wiki.lyrasis.org/display/ARKs/ARK+Identifiers+FAQ
- Open infrastructure https;//openscience.cern/infrastructure
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Module 2 - Persistent Identifiers (PIDs) and
metadata for African scholarship and open
research practices.

‘, Module 2 Forum Discussion
77 Contribute to the conversation below by following these
000 : H .
"‘ discussion prompts:
1. How do you handle theses and dissertations in your library?
2. How are datasets for research stored in your country?

*Participation in this group discussion contributes to a percentage of your
final grade. Please don't start a new discussion. Rather, answer the question
prompts in this discussion forum. Please answer with as much detail as
possible. Use this opportunity to engage with your colleagues by replying to
their responses. One-word contributions and replies will not be counted
towards your grade.

Module 2 - Persistent Identifiers (PIDs) and metadata for African
scholarship and open research practices.

a. PIDs in the African Research Ecosystem

b. Implementing and Managing PIDs in Research Workflows
c. Metadata and Open Research Standards

d. PIDs and Open Research Infrastructure

e. Policy and Governance for PIDs in African Research

a. PIDs in Africa’s Research Ecosystem

Persistent Identifiers (PIDs) have evolved over the years in the space of Library
and Information Science. For instance, ISBN, the International Standard Book

Number, is a unique 12-digit identifier used to identify specific book or book-
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like products. ISBN comes at a fee, and it is persistent for the book that it is~

registered for. Many African literatures have ISBN as their unique persistent
identifiers. As the world goes digital, more research outputs also move online.
ISBN and other identifiers that are physically assigned have some limitations
in terms of persistence and adaptations for online identification, access and

dissemination.

An ISBN could be assigned at country level but when such a book or
information resource goes online, the rich metadata that could increase the
findability, accessibility, interoperability and reusability may not be available.
This challenge is observable in African research communities where many
journals and ebooks that are open access could not use the legacy identifiers
for the online research outputs. Researchers in the region are now learning to
embrace online forms of persistent identifiers that add rich metadata to their

research outputs.

Research outputs, including text-dominated, tabular-dominated, images,
audio, videos as well as cultural artefacts in Africa, are frequently made open
access. When referring to open access, we refer to the ability to access
research outputs without restrictions. The access could be limited with some
conditions that are based on the type of license used. However, in many
cases, attribution is always expected for reuse within a research context.
When research is open access, one of the incentives for the research output
author or creator as well as the co-author(s) is proper attribution with
appropriate citation style, which is enhanced with persistent identifiers.

Research outputs that are online and open access could be lost or authors
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could also be confused. For instance, if a website or repository that hosts or”~
warehouses a journal could not be sustained by the owners, such journal as
well as the articles therein, may no longer be available. Even if the articles
have links, such a link may return an error 404, which implies that the

resource in the link cannot be found.

This is where persistent identifiers become important.

PIDs provide several safeguards for research outputs, research workflows,
researchers, and research institutions while also improving discoverability.
The example of a discontinued journal or repository above could be mitigated
from having a broken link if the resource, in this case, journal, is moved to a
new location or repository. This implies that the old URL would no longer be

valid.

However, with PIDs, users only access the resource through a persistent link.
That persistent link is updated at the backend to reflect the new location of
the resource. This process of updating the resource location without breaking
the link to the resource ensures that research outputs remain available,
regardless of changes occurring at the backend. It promotes accessibility and
findability of research outputs. The use of PIDs enhances the discoverability of
research outputs. When such work is cited with a persistent identifier, the
cited resource becomes discoverable for reuse or access due to the
continuous maintenance of the backend that connects the resource location
to the persistent identifier. There would not be a broken link except when the

persistent identifier is not maintained as explained above.
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Leveraging on PIDs and their infrastructure enhances equitable knowledge”
creation and sharing in Africa which are also integrated into the global
research ecosystem. Many local institutions, across the region, have
institutional repositories for hosting and sharing knowledge outputs from
their institutions. As many that have well implemented PIDs workflow, the
knowledge created is accessible beyond the shores of the continent. This
decentralised knowledge system has helped increase knowledge generation
allowing institutions to take ownership of their research outputs with full
integration into global research nexus on their own terms. It is laying a
preliminary foundation for simpler metrics beyond the conventional journal
impact factor to a richer PID-linked evidence-based impact and contribution

measurements.

b. Implementing and Managing PIDs in Research Workflows

It is a great practice to integrate PIDs from the initial stages of the research
workflow. A PID-First approach would integrate PIDs right from the Data
Management Plan (DMP) stage. A Data Management Plan is a living
document that describes the entire research data life cycle from the kick-off,
through the research life-span and beyond the end of the research. PIDs
would be assigned to every activity as well as data collected during the active
period of the research with quality metadata. PIDs would also be assigned to
the research outputs after the research completion. The introduction of PIDs
from the early stage of research supports provenance while increasing both

traceability and reproducibility of the research output.
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In this section of the module, we have introduced some concepts or”~
terminologies that would require some clarifications or explanation. We
mentioned provenance, traceability, reproducibility, Data Management Plan
(DMP) and quality metadata. Metadata would be treated in the next module
while we already have an overview of a DMP in the previous paragraph.

- Provenance in research refers to the historical record of data which ensures
the source of such data is not lost. It tells the verifiable story of where data for
a research project comes from.

- Traceability refers to the ability to identify, follow and verify the history,
location of research data, application methodology, and outputs through
persistent links, persistent identifiers, rich metadata and proper
documentation. Traceability requires PIDs for integrity check. Traceability
leads to Provenance.

- Reproducibility ensures a research output can be reproduced by any other

researcher with the same result using the same data, method, and software.

PIDs workflow implementation requires a wholesome identification of all
important elements and entities in a research ecosystem that require a
persistent identifier. This includes PIDs for:

1. Institutions and funders: This type of persistent identifier is used to
identify a place, an institution, a funder or any organization that's part
of the research community. It has standardized and rich metadata that
links funding sources and institutional affiliations. A good example of
this is ROR (Research Organisation Registry). Others include GRID
(Global Research Identifier Database) which was a predecessor to ROR.

It is noteworthy that some systems still use GRID
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2. Researchers: The PIDs here provide unique persistent identifiers to~
researchers Examples of PIDs for researchers include ORCID (Open
Research and Contributor ID), ISNI (International Standard Name
Identifier) and ResearcherID as well as Scopus Author ID. It should be
noted that both ResearcherlD, which is managed by Web of Science
and Scopus Author ID, managed by Elsevier, are proprietary. ISNI
follows ISO standard while ORCID has more universal adoption in
academia due to its open, global and non-profit infrastructure.

3. Research output. PIDs for research outputs provide unique and
persistent identifiers with rich metadata for all kinds of research
outputs, not just data. There are several providers of these identifiers.
Some of the most popular include DOI (Digital Object Identifier)
provided by DataCite, Crossref, EIDR (Entertainment Identifier Registry
used to keep track of movies & TV shows), KiSTl, mMEDRA (multilingual
European DOI Registration Agency) and many more. Other types of
persistent identifiers for research outputs are Handle and ARK

4. Research activities: PIDs for research activities are used to enhance
the traceability, reproducibility and replicability of research works. A
common identifier for research activities is RAID. Recently, RAID
integrated its system with DataCite to allow the use of DataCite DOI for
research activity identifiers.

5. Projects and Grants: Persistent identifiers are also provided to projects
and grants. This type of identifier enhances the provenance and
traceability of research works and the outputs. DataCite provides Grant

ID for grants and projects.
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c. Metadata and Open Research Standards 4

A picture photograph of a small colourful bird with a short beak and sparkling
eyes could spark more interest to viewers if we know the date the picture was
taken, the location where it was taken, the type of camera used, the person
that captured the picture and many more attributes that could help a novice
to learn more about the bird, beyond the face value. The additional
information about the bird is the metadata of that bird, while the bird is the
data. So, metadata is the additional information about any data type. The
metadata about the bird could be written in different formats by different
persons. For instance, someone may call the location a place, another may
call it a position, another may call it a country and other types of identifying a
location. This could be confusing and may even constitute more of a problem
than solving it if there are no standards for defining the metadata tags. It
could be written in different languages, which could further worsen the
situation. Hence, the need to have free and accessible standards for metadata
that would be universal. This is the reason we are focusing on metadata and

open research standards in this section.

Generally, metadata provides a minimum of five (5) mandatory elements.
These are: identification, discovery, context, reproducibility and preservation.

- Identification ensures objects are provided with unigue persistent
identifiers (PIDS).

- Discovery makes search engines and repositories to find research
outputs using sub- elements like title, keyword, author, abstract and so
on.

- Context uses the ‘wh’ question tags to narrate when, how, why, and
who created the object.
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- Reproducibility keeps the record of the instruments, methods and”

software version while
- Preservation ensures a long-time access to the usability of research
outputs.

These 5 elements are the core heart of the FAIR (Findability, Accessibility
Interoperability and Reuseability) principle.

Open research standard aligns with the FAIR principle.
Findability relates to how easily researchers can locate relevant research

data, code, and information. Key strategies for improving research findability
include using unique and persistent identifiers like DOIs andORCID iDs, thus
creating rich metadata (descriptive information), and indexing resources in
searchable repositories.

Accessibility focuses on use of standard protocols like OAI-PMH (Open
Archives Initiative Protocol for Metadata Harvesting) is a standard protocol
that digital repositories use to share their metadata records through HTTP. It
enables services, such as search engines and aggregators, to automatically
"harvest" or collect metadata from many different archives, making content
more discoverable across the internet. The protocol uses XML over HTTP and
requires the Dublin Core metadata format, although other formats may also
be supported. Use of APIs (Application Programming Interface, a set of rules
and protocols that allow different software programs to communicate and
exchange data) as well as an open access policy.

Interoperability involves the use of common vocabularies and schemas. It is
the capability for different systems, software, and datasets to exchange,

combine, and interpret information with each other, ensuring that the data
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retains its essential meaning and is usable across various platforms and for~

different purposes. This process relies on standardized or common formats
for data documentation, including the use of common data elements and
unambiguous metadata to remove hindrances in information exchange. This
makes collaboration, accuracy as well as reproducibility better.

Reusability encourages clear licensing for all outputs.

Other entities have also attempted to express the same principle in other
forms. For instance, W3C PROV which provides a standard for describing
provenance, OPEN AIRES Guideline which provides metadata and
interoperability standard for repositories in  Europe as well as

Schema.org/JSON-LD

d. PIDs and Open Research Infrastructure

Now that we have some understanding about PIDs, metadata and open
research standards, we need to have a fair knowledge about open research
infrastructure. Open research infrastructure refers to sets of technology tools,
services, protocols, standards and software contributing to the research
lifecycle - from collaboration and experimentation through data collection
and storage, data organization, data analysis and computation, authorship,
submission, review and annotation, copyediting, publishing, archiving,

citation, discovery and more. If we consider the roles of PIDs, which are:

- Provision of identity and attribution to the research community,
including the research outputs, research work, research workflow,

research organizations, researchers, funders, software, and all
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instruments used for research activities to ensure appropriate”
attributions

- Ensuring provenance and traceability of research workflows and linking
the inputs with the outputs. Inputs here refers to all objects and
subjects involved in the research activities such as the researchers,
instruments, funders, methodologies, and data, while outputs refer to
publications, datasets generated, and software.

- Enhancing interoperability by connecting all research activities, tools,
and entities involved through the adoption of the FAIR principles that
promote open standards, and connecting diverse systems like
repositories, funders, publishers, authors and data.

- Promoting reusability of research outputs with appropriate licenses
and enhancements of citations, thus improving trust in the research

ecosystem.

So, PIDs, inadvertently, cannot be separated from open research
infrastructure when we are considering open access. In open access as well
as open science, PIDs infrastructures are sustained through open research
infrastructures. It means that a DOI will require an open infrastructure for it to
be discoverable. In this case, the open infrastructure would be a repository.
Open research infrastructure largely relies on community-governed and non-
proprietary systems. It is the community-led approach of open infrastructure
that makes the associated PIDs acceptable, accessible, trusted, and

sustained.
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The future of PIDs lies in Linked Open Data (LOD) along with metadata that is~

driven by Al. The result is a transformation to how research data is discovered,

connected, and reused.

e. Policy and Governance for PIDs in African Research

Persistent Identifiers (PIDs) including PIDs for researchers (a common
example of this is ORCID), PIDs for publications and datasets (common one
includes Handle, DOI, ARK), PIDs for organizations and places (the most
common here is ROR), and PIDs for workflows and projects (RAID is well
known for this) are the foundation to trust in the context of interoperability of
African research. It is important that institutions and funders make the use of

PIDs mandatory requirements throughout the research lifecycle.

PIDs should be provided to grant applications, ethics approvals and
workflows, data management plans, repositories, repository deposits, reports,
and publications. This enhances reproducibility, traceability, discoverability,
supports provenance and attribution, promotes measurable and accurate
impact assessment, and removes ambiguity, while promoting a FAIR-

compliant open-science ecosystem.

In terms of governance, PIDs adoption and implementation should be a
national and cross stakeholder model. The government should encourage
national research councils along with higher education commissions to set
mandates and incentives while universities and research institutions
implement them in repositories. Regional networks like NRENs, and library
consortia can provide shared services as well as training while it is expected

that global PID providers supply standards and infrastructure. It is a good
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idea to establish national or regional PID consortia which could help lower”
cost barriers, promote local support, and standardise metadata practices.
Appropriate policy should be formulated to address privacy and data-
protection compliance, equitable participation, and transparent governance
followed by appropriate roadmaps and community oversight. Monitoring
may use open dashboards to track PIDs coverage, metadata quality, and
reuse. If well implemented, the policy and governance measures ensure a

measurable, resilient and inclusive PIDs system for African research.

Module 2 Assignment

Taskl.

In your own words, define the following terms:
A. Provenance

B. Traceability

Task 2.
In one paragraph, explain the difference between a legacy persistent
identifier like ISBN and a modern online identifier like DOI.

Task 3.

In not more than a paragraph while using the example of a website broken
link (error 404) as given in this module, explain when a DOl is referred to as
being persistent
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Further reading for module 2

Project Data Management Planning Michener, William. (2018). Project Data
Management Planning. 10.1007/978-3-319-59928-1_2.

Owango, Joy &Ksibi, Nabil. (2025). Introducing Africa PID AllianceEnglish:
Implementing PID for Indigenous Knowledge and Cultural Heritage in the

Emerging FDO Ecosystem. Open Conference Proceedings. 5.
10.52825/0cp.v5i.1430.

https:;//doi.org/10.48550/arXiv.2204.114
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Module 3: Creating DOIs

‘ Module 3 Forum Discussion
Contribute to the conversation below by following these discussion
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Below is an infographic from Aljazeera. The image captures the winners of

Nobel Prize by country. Please note that;

It mentions only the top countries by continent that have won the prize

- |t covers 1901 -2020

Potential Nobel Prize winners are considered for the quality, depth, and

breadth of their research/work OR the impact of their activities.
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The Nobel Prize is one of the world's most coveted awards but has historically
favoured Western nations. Just over half of all laureates are from Europe
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risations make up the remaining 3 percent @
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Haddad, M. (2021, October 8). Infographic: Nobel prize winners 1901-2021.

Al Jazeera.https://www.aljazeera.com/news/2021/10/7/infographic-

nobel-prize-winners-1901-2021
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Below are tables of African Nobel Prize winners
Table 1- Peace Prize Winners

Name Country | Year Contribution
Albert Luthuli South 1960 | Anti-apartheid activism
Africa
Anwar Sadat Egypt 1978 | Camp David Accords
Desmond Tutu South 1984 | Moral leadership against
Africa apartheid
Nelson Mandela South 1993 | Reconciliation and democracy
Africa
F. W. de Klerk South 1993 | Ending apartheid
Africa
Kofi Annan Ghana 2001 | UN leadership and
peacebuilding
Wangari Maathai Kenya 2004 | Environmental activism
Ellen Johnson Sirleaf | Liberia 2011 | Women's rights and
peacebuilding
Leymah Gbowee Liberia 201 | Mobilizing women for peace
Tunisian Dialogue Tunisia 2015 | Democratic transition post-
Quartet Arab Spring
Denis Mukwege DR Congo | 2018 | Advocacy for survivors of

sexual violence
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Table 2: Literature Prize Winners .
Name Country Year Contribution
Wole Soyinka Nigeria 1986 First Black African Literature
laureate
Naguib Mahfouz Egypt 1988 Arabic literature and social
realism
Nadine Gordimer South 1991 Anti-apartheid literature
Africa
J. M. Coetzee South 2003 Postcolonial themes and
Africa humanism
Abdulrazak Gurnah Tanzania 2021 Colonialism and
displacement narratives
Table 3: Science & Medicine
Name Country Year | Category Contribution
Max Theiler South Africa | 1951 Medicine | Yellow fever vaccine
Allan Cormack South Africa [1979 | Medicine | CT scan development
Ahmed Zewail Egypt 1999 [ Chemistry | Femtochemistry
Sydney Brenner | South Africa [ 2002 | Medicine | Genetic code and cell lineage

1. What do you notice from the AlJazeera infographic?

2. What struck you most from Tables 1to 37?

3. What role do you think open research
persistent identifiers can play in bringing more research from Africa to

global notice?

infrastructure especially,

4. How can your library play a significant role in elevating research from

your institution to the global stage?

*Participation in this group discussion contributes to a percentage of your
final grade. Please don't start a new discussion. Rather, answer the question
prompts in this discussion forum. Please answer with as much detail as
possible. Use this opportunity to engage with your colleagues by replying to
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their responses. One-word contributions and replies will not be counted”
towards your grade.

Creating DOIs
a. DOls
Understanding Metadata
DOI Registration Agencies
Who is DataCite?
The DataCite Metadata schema
DataCite Metadata schema language

@ "0 ao0o0C

Why DataCite is suitable for African libraries and other documentary
and cultural heritage institutions

3a. DOIs

Digital Object Identifiers (DOIls) are unique names assigned to research
outputs and other information resources that are online. They represent an
established international information standard, and a growing number of
publishers, libraries, and other information providers now use it to identify the
resources in their holdings uniquely. Each DOI is accompanied by rich
metadata which speaks about the content of the work to which the DOI is

assigned, who published it and the license under which it is made available.

“DOIs are actionable on the Internet: when put in URL form

(http.//dx.doi.org/{DOI}, these strings automatically redirect to an online

landing page that offers information about the research object. Sometimes,
the landing page contains a link to the resource itself. Where the resource is
not online, the landing page indicates where to find it. For example, a DOI

assighed to a physical resource such as a print book, a museum specimen, or
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a scientific sample will specify the repository or collection where the resource”

resides.” CODATA-RDA

Resources that are assigned DOls tend to be more discoverable and are likely
to be used and cited by others. This is because the identifier is persistent as it
is maintained and preserved even when the URL of the content it identifies
changes. It is said that the DOI is basically a guarantee to always supply
information about the knowledge resource associated with it. However, it
should be noted that not every knowledge resource that has a DOI is Open
Access as this depends on the restrictions and licenses put in place by the

creator/author or owner of the resource.

In registering or minting a DOI, the metadata is included. This is critical and
each DOI Registration Agency (DataCite, CrossRef etc) has totally different

metadata schemas with mandatory and optional data elements.

3b. More about Metadata

Metadata is data about data. It describes or provides information about other
data so that the data can be better understood, managed, or discovered thus
transforming raw data into usable, searchable and meaningful knowledge. A
standardized metadata framework makes data discoverable as such a
framework ensures that metadata is machine-readable, and can be used to
search and find data through interoperability. Also, it supports preservation,

reuse, scholarly integrity and accountability in research through DOls.

- Metadata can be Descriptive when it provides information such as the
title, author, subject and keywords of a knowledge resource for making

content visible and retrievable.
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- It can be regarded as Structural when it defines how components 4
relate, for example, chapters in a thesis, and tables in a dataset. This is
vital for repositories handling complex research outputs or multilingual

collections. It supports version control, and logical grouping.

- Metadata can also be Administrative when it includes the origin,

creation date, rights, file format, and lifecycle of a resource thereby
ensuring long-term accessibility and integrity, even as technologies
evolve. This is the key to ethical stewardship for indigenous knowledge

and digitized archives.

- Also, Metadata can be Technical when it includes details about how
data was created or encoded, software version of a methodology used
etc. A standardized metadata schema, such as Dublin Core, Crossref,

and DataCite, includes all these aspects.

Within the African context, metadata can be a pathway for knowledge equity.
It can be used by libraries, repositories, archives and museums to ‘localize’
cataloguing by adding descriptions that highlight hitherto unacknowledged

knowledge systemes.

3c. DOI Registration Agencies DOl minting is managed by Registration
Agencies (RA) authorized by the International DOI Foundation which is the
international, not-for-profit organization that oversees the global framework
for DOIs that identify and manage digital content permanently and reliably.
The Foundation maintains the DOlsystem with the ISO standard: I1SO
26324:2022 (Information/documentation Digital Object Identifier System)
which is recognized globally in publishing, knowledge, data management,
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and open science infrastructures. It also provides the technical infrastructure”
for resolving DOIs to URLs or metadata and defines standardized metadata

frameworks for describing digital objects. Importantly, the DOl Foundation

has members known as Registration Agencies (RAS).

These are the organizations authorized to assign DOIs and manage metadata
for their user communities. These agencies pay membership fees and have
representation in the DOI Foundation’s governance. Most of the RAs serve a
specific sector or geographic region while others provide services globally for
their user communities. Also, each agency serves specific sectors or content
types, offering tailored metadata services and infrastructure. Here are some

of the major RAs, their areas of focus and the communities that they serve.
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Major DOI Registration Agencies

Agency Focus Area Ideal For

Crossref Scholarly publishing Publishers, academic
(journals, books, journals, societies
proceedings)

DataCite Research data, articles, Repositories, libraries,
books, theses, software, grey | research institutions,
literature archives, and museums

MmEDRA Multilingual European
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