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To everyone in OSI who has worked hard to develop a clear, fair, and complete 
understanding of the open space.



INTRODUCTION

“Experiments produce new knowledge, but if that knowledge does not circulate there is little opportunity
for further progress.” This observation, richly explored in David Wootton’s “The Invention of Science” 
(Harper, 2015), is as true today as it was 400 years ago when science was still evolving in fits and 

starts. There is no question that knowledge needs to be shared. The question for our age is not why, but how. 
Specifically, how can we share more of our knowledge in ways that are consistent with the needs and values of 
research, and that will create the greatest long-term benefit for both research and society? 

Before the birth of science, it was normal to construct explanations that conformed with “known truths” instead 
of simply searching for truth—to pound the square pegs of observation into the round holes of what the church 
and tradition said must be true. This approach stifled learning and innovation, and kept Western civilization in 
the dark for 2,000 years. Today, we are using the same approach in our efforts to share knowledge. At the policy 
making level, we assume we know all there is to know about open research, and we are working backward, 
pounding square peg solutions into the round holes of researcher needs and concerns. In the process, we aren’t 
finding truths and unlocking the real potential of open, just creating expedient solutions that conform to our par-
ticular circumstances and ideologies. Is there a better way?

In this report, we argue that it’s important to look at the effort to share knowledge more effectively from a re-
searcher perspective, and to be open-minded and goal-oriented in our approach to constructing open solutions 
that are sustainable and work globally. What are we trying to accomplish with openness? And from this under-
standing and agreement, what tools and systems can we put in place that will best achieve our goals? Rather 
than spending more time and energy debating whose square pegs are best, we should reverse our approach, 
searching for truth with an open mind before creating solutions. Then, we should build vibrant and sustainable 
open solutions together on common ground and work together to solve the urgent problems that await humanity.

This challenge may seem like much ado about nothing to outside observers. It’s research we’re talking about, af-
ter all, not world peace. But historical glamor aside, we may not always fully grasp the magnitude of the societal 
transformation brought about a few hundred years ago by the brave writers, philosophers, experimenters and ex-
plorers who dared to challenge the church and conventional wisdom in the world’s first search for objective truth 
and fact. The mindset these individuals unleashed fundamentally changed the course of human civilization. And 
today, the future of human civilization has never been more dependent on the future of research. The challenge of 
successfully transforming research into the Open Age is not one we should look upon lightly. The potential payoff 
is significant, but the transformation needs to be done with care, with the full involvement of researchers, and 
setting aside all our ideological preconceptions about what “open” should look like.

The recommendations put forward in this report are designed for UNESCO, but all agencies big and small are 
welcome to adopt and adapt them. I want to thank my co-authors and contributors for their help creating this 
report, and also the participants of the Open Scholarship Initiative (OSI), who have been debating the future of 
open research for the past six years. I also want to thank UNESCO for their long-time leadership on global open 
policy, and for being a partner who shares OSI’s belief that a robust, global, sustainable future for open research 
must be built together on common ground.

Finally, a central tenet of this report is that some elements of the open research community should be less judge-
mental in searching for open solutions. That criticism might be seen by some readers as judgemental in its own 
right.  If you can forgive this, I hope you can hear the deeper message that the open community can do better. For 
the sake of all our futures, we need to do better.

Sincerely,

Glenn Hampson 
Seattle, Washington, USA 
January 2021



Society’s pursuit of open knowledge solutions is disjointed. 
These solutions—including but not limited to open access, 
open data, open source, open science, open government, 
and open educational resources—have much in common, 
yet we treat them as separate entities from a policy per-
spective. Is it possible to unite these solutions under a sin-
gle open solutions policy framework? If so, what might this 
framework look like, what should our open goals be, and 
how can we introduce this approach to the world?

OBJECTIVES

In this report, the authors will explore combining open access, open data, 
open source, open science, open government and open educational re-
sources (OER) into a single “open solutions” framework.1 Exactly how to 

do this is an intriguing challenge since these solutions have all developed 
their own philosophies, challenges and constituencies over time.

Increasingly, however, open access, open data, and open science have 
been overlapping significantly with regard to their use of broad and overar-
ching concepts like FAIR data inclusion and open licensing, making it both 
possible and desirable to consider constructing a single open solutions 
framework instead of continuing to see open knowledge questions and 
answers through the lens of multiple intersecting and overlapping jurisdic-
tions. The main objective of this report is to explore the philosophical, pol-

1. Open scholarship isn’t included in this analysis because it’s already a blanket term that
encompasses a variety of fields and open processes. It is, in essence, the same thing as
“open solutions” except with an academic focus.
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icy and practical aspects of an open solutions framework and also go a step beyond this and prescribe 
a program for introducing this solution to the world. Specifically, this report will:

1.	 Provide background and conceptual analysis of the open access, open science, and 
open data spaces (as well as other open solutions to a lesser extent) and describe areas of 
intersection and potential integration;

2.	 Identify steps that UNESCO should take with regard to policy development, adoption and 
integration, as well as partnerships, bridging, capacity building and advocacy;2 and

3.	 Identify indicators and dimensions that need to be developed and/or monitored as part of 
this effort.

Methodologically, this report follows a rather narrow path. This is out of necessity: there are endless 
perspectives and tangents with an objective this broad, so we’ve focused on a single path that while 
also broad is still relatively manageable, at least conceptually.

•	 Researcher-centric. First, the evidence and recommendations presented in this report are 
mostly from a researcher-centric perspective. While evidence and recommendations from the 
perspectives of the general public, government funders, publishers, libraries, and other stake-
holder groups are not ignored here by any means (and indeed, still inform the entire basis for 
this report), they are not the central focus of our evidence and recommendations. Providing 
evidence and recommendations from a multiplicity of perspectives wouldn’t change the under-
lying facts, but it would involve accumulating and digesting a lot more facts than are already 
provided in the following pages. The recommendations from such a report might also differ as 
well (ultimately more focused, for example, on how to lower publishing costs, improve account-
ability, and so on). We have chosen a research-centric perspective for this report because in our 
particular bias, researchers need to be at the center of any effort like this that proposes to re-
form the future of global knowledge. Researchers are the group that generates this knowledge, 
they are arguably the primary consumers of this knowledge (at least the kind of knowledge 
we’re talking about here), and their ability to access and reuse this knowledge should be the key 
driver in this effort. This is not to marginalize concerns about the public’s right to know, or the 
right of funders to get a good return on their investment, or the right of libraries to have afford-
able access to the research that comes from their institutions—which are all vitally important 
and valid concerns—but fundamentally, our goal here is to focus first and foremost on whether 
this effort makes sense from a researcher perspective, and if so, what we need to do to improve 
this effort going forward.

2. This report will not, however, explore the impact of open solutions on international development or the UN’s Sustainable 
Development Goals, nor will it delve too deeply into the history and foundations of these solutions, or detailed examinations 
of particular dynamics or policies. These are all critically important discussions—the phrase “beyond the scope of this report” 
is repeated multiple times on the following pages. The goal of this report, rather, is to identify the big picture, general areas 
of overlap where we might begin engaging with these different open efforts simultaneously instead of separately, and/or 
where we can begin speaking in terms of “open solutions” instead of open access plus open data plus open science, and so 
on. Matthew Smith and Ruhiya Kristine Seward’s 2020 collection of essays, “Making open development inclusive: lessons 
from IDRC research” (Smith 2020) takes a similar approach to this report, looking at the intersection of open themes through 
the lens of “open development” rather than “open solutions.” Smith’s approach is to focus on the practice-based interconnect-
edness of different open concepts and how these overlapping practices can guide the development of an overarching “open 
development” policy. For more detail on the international development angle, see Matthew Smith and Katherine Reilly’s 2013 
collection of essays (Smith 2013), titled “Open development: networked innovations in international development”; and also 
the 2019 State of Open Data report edited by Tim Davies et al (Davies 2019). 
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•	 Interwoven. Second, it’s important to note that two key ideas are interwoven in this report 
and are being considered as one, even though they are separate. The first idea is that we should 
consider the open solutions space to be a single policy environment instead of a collection 
of separate environments—open access, open data and so on. The second is that we should 
consider common ground action to develop the future of open policies (this idea is explored 
more fully in OSI’s Common Ground paper; see Hampson 2020). This interwoven approach is 
what’s being discussed in this report’s evidence and recommendation sections, not each idea 
on its own but both ideas taken together. These two ideas, however, are in fact separable. It is 
possible for the reader to come away convinced that a common ground approach to the future 
of open is important but not necessarily an approach built around open solutions. Or, the reader 
may conclude that the open solutions approach is valuable, but not necessarily a policy frame-
work that supports collective action on common ground. The reason we are weaving these two 
ideas together is that we feel they belong together and make sense together—that they are 
much stronger together than as separate constructs.

EXECUTIVE SUMMARY

The need for knowledge sharing has never been clearer and more urgent than today. From climate 
change to food security, HIV to COVID-19, humanity needs global solutions to global challenges. 
The vast international community of stakeholders involved in the creation and sharing of knowl-

edge has been responding to this need for many years—researchers, government funders and policy 
agencies, private foundations, commercial publishers, universities, libraries, and more—driven largely 
by their own interests and judgement but also by the judgement of respected global organizations like 
the United Nations who have tried to define a broad picture of what kind of global knowledge sharing 
needs exist and what kind of global action is needed. While the amount of research being conducted 
in the world has steadily increased over the years, roughly doubling every 20 years,3 and while this 
increase has led the world to remarkable new heights, our knowledge sharing practices have prov-
en difficult to change. In the judgement of many, these practices, while growing in many parts of the 
world, are still inadequate to meet the urgent needs of today.

Enter the open access, open data, open science, open source, open government, and open education 
movements. Taken together, these movements have made a significant contribution to the evolution 
of our knowledge sharing practices. Each of these movements is, however, entirely separate. Each has 
a rich and unique history, a massive diversity of outputs, goals, tools, measures, methods, actors and 
stakeholders, and vibrant ecosystems of innovation. These movements also lack coordination toward 
common goals, which has resulted today in a lack of leadership on broad and globally workable open 
solutions, a lack of support for open infrastructure and other open needs, and slow acceptance and 
adoption of open policies.

In partnership with the Open Scholarship Initiative (OSI), UNESCO has been working since 2015 to 
create a common ground approach to the future of open knowledge that embraces the diversity of the 
open landscape and creates a sustainable and coherent approach to this future that works for every-
one everywhere.4 An important part of this challenge has been understanding and knitting together 

3. To say nothing of the rapid and continuing increases in the number of research articles being published, the number of 
research journals, and the amount of data being generated.
4. OSI and UNESCO are independent from one another in this pursuit but have been actively collaborating in this challenge. 
UNESCO has provided approximately 25 percent of the funding for OSI operations since 2015 (the other 75 percent has come 
from private foundations, publishers, and OSI participants and participant institutions). In addition, OSI serves UNESCO in 
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the vast diversity of perspectives of all open knowledge stakeholder groups from all parts of the world, 
and also seeing the entire “open scholarship” landscape as being more than just about journal publish-
ing and science, but involving a wide range of closely related interests and activities.

Where exactly do all these different perspectives, interests and activities intersect, and can a poli-
cy framework be built around this intersection that successfully merges our “meta” policies around 
open so we can begin to collaborate on our open goals more effectively, and in doing so enhance and 
streamline all open outcomes for global knowledge and society? This report explores key points of 
intersections under the rubric of “open solutions”—a high-level approach to open founded on a broad 
embrace of open instead of a multitude of disconnected approaches. The argument presented in this 
report is that adopting a broad open solutions focus will help policymakers develop a more effective 
open knowledge environment at all levels, from government to education to research, and that devel-
oping such an environment will create enormous benefits for science and society.

The final sections of this report describe an action plan that UNESCO should consider for getting from 
where we are now in the global open policy debate to where we need to be. A draft marketing ap-
proach for this plan is included in the annex section of this report.

Key findings (background & conceptual analysis)

The key findings from this report, supported by many scholars in this field,5 revolve around the realiza-
tion that openness doesn’t have a single or set definition. Rather, open outcomes exist along a broad 
spectrum, and correspondingly, the definitions we apply to open and the open solutions we invent also 
vary quite widely. There is common ground, however, and working together on this common ground 
can help us come up with open solutions, approaches and policies that are much less disjointed than 
now and are ultimately more beneficial for the broader cause of open knowledge, which doesn’t recog-
nize the discrete boundaries that separate data from text, government information from science infor-
mation, and policymaker from private citizen. 

•	 Open solutions have been evolving for decades now, if not centuries. Open is not a new 
phenomenon. Marking exact starting points in this evolution can lead to spurious and self-serving 
conclusions. Many of these efforts were initially fueled by the idealism that open information was 
an unalloyed public good; but over time, many have also developed a deeper sense that the reality 
of open is more nuanced, and that there are no one-size-fits-all solutions or interpretations.

•	 Recognizing the similarities between different open solutions can help us under-
stand these efforts aren’t necessarily separate or unique, but instead are part of a 
broad, long-term, multifaceted push from many corners of many societies to make informa-
tion of all kinds more open. Understanding how similar open efforts have been with regard to 
common challenges and approaches can help us merge open policies together in a way that 
wouldn’t be possible by focusing only on the specific practices of each open movement. And in-

an official advisory capacity as the agency’s Network for Open Access to Scientific Information and Research (NOASIR). OSI 
includes 450 high-level participants, alumni and observers who represent 20 stakeholder groups in scholarly communication 
and 250 institutions from 30 countries. Several of the authors of this paper are participants in OSI, and UNESCO’s CI sector 
has funded the writing of this report. See the conflict of interest statement for more details, and also osiglobal.org.
5. Numerous sources are highlighted throughout this report. For instance, some scholars and organizations have recognized 
that: “open science” can’t be neatly defined in a way that satisfies everyone (see the STM Association’s position at https://bit.
ly/38aM1la, or Adams 2014); open data has many practice-based definitions that defy applying an all-encompassing legal 
definition (see the introduction to Davies 2019, or the wide array of RDA policies); “open access” has a wide variety of out-
comes (see Piwowar, Archambault, and other research); and/or that different branches of open share a lot of common ground 
(Smith 2020). This isn’t a contentious observation, although it is at odds with the desire of some advocates to neatly package 
“open” as a prerequisite to developing open policies.
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tegrating these conversations can help us integrate efforts and policies in ways that might dra-
matically and effectively accelerate the development and uptake of open policies. We might also 
be able to develop common language that can help facilitate the better communication of needs, 
processes and outcomes. Open knowledge is a broad endeavor with a shared goals. Recognizing 
this will be key to transforming open solutions into more than just the sum of their separate parts. 

•	 Open solutions today have a wide variety of definitions and interpretations, and 
a wide variety of outcomes, all expressing varying degrees of openness and experiencing 
varying degrees of acceptance by open advocates as being open or not open enough. Different 
stakeholder groups have starkly different points of view. However, all “sides” are wrong, and 
no one side has all the information it needs to make an informed judgement. We know open 
involves a spectrum of motives, outcomes and solutions. But we can no sooner pick the “right” 
answers from this diversity than pick the right colors from the rainbow. Each is important, and 
each contributes to the greater whole. By focusing instead on the whole, we can find common 
ground for bold and needed action, and also create mechanisms by which our debates about 
best practices and requirements will settle themselves over time through more engagement 
from various knowledge-providing and knowledge-seeking communities.

•	 Over the short-term, ideologically-driven (as opposed to evidence-driven) actions 
will continue to create policy whiplash, where publishers and funders don’t know what to 
do, researcher opinions are further marginalized, and the actions that sound brilliant today are 
roundly derided tomorrow. In addition, if our open reform efforts are created by the global north 
without adequate input and participation from all groups everywhere, then the open solutions 
we create and deploy are going to continue favoring those with more privilege. The richer coun-
tries will be able to fill open repositories with information, which makes their information and 
perspective even more dominant than now. In terms of ideologically-driven licensing rationales, 
the world is ready to stop pushing specific technical and licensing regimes as our core objective 
for open, and instead let the debate move on to other narratives like good data, common open 
solutions, and common goals. 

Key recommendation (steps UNESCO should take)

The key recommendation from this report is that UNESCO should host and promote an open solutions 
approach that focuses on achieving our common goals for open—from discrete common goals like im-
proving science to grand challenges like tackling climate change. This goal-centric approach is built on 
a widely-used and well-developed model (Theory of Change),6 and on the common ground that unites 
all open solutions and all communities in the information communication space, and that should under-
pin all future open solutions policies. Supporting communities of practice will still be essential—we will 
still need open access, open data, and open source solutions for particular fields, for example, and we 
still need innovation to occur at this level. But more broadly, these communities of practice should also 
be connected at a high level through common goals so they can innovate together to build a future of 
openness that advances knowledge and discovery as opposed to simply collecting open artifacts. The 
key to this high level framework for collaboration is inclusiveness and flexibility. This framework needs 
to be built by the entire community, not imposed from the outside, and especially not imposed in a way 
that is led by ideology instead of evidence.

6. We describe our approach in this report as being a “goals-based” model. Intellectually, this approach is best described by 
the Theory of Change model used by governments and organizations to first define long-term goals, and then map these 
goals backward to identify necessary preconditions. See https://en.wikipedia.org/wiki/Theory_of_change for more information.
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•	 The focus of a new, global open solutions policy should be to figure out what we 
want to achieve with open and then build solutions capable of reaching these goals. Open-
ing information is not the end goal, but only one small step in a very involved and complex pro-
cess of preparing information for access and reuse. Rallying around our common goals will be 
an effective way to begin mobilizing the expertise we need to actually do something with open 
information as opposed to simply collecting it. Rather than deciding what form open should 
take and legislating policies to create this outcome, we need to construct a framework for 
dialogue and collaborative action on our common goals. Building on this framework will lead to 
real and robust global solutions that are inclusive, diverse, and focused on practice-based areas 
of common interest and common benefit. 
 
To begin, we need a clearer and more detailed understanding of exactly what researchers want 
and need, what they will use, and what we hope to accomplish with open information so we 
can ask good questions, collect meaningful information and pursue effective solutions. It’s vital 
to understand this wide diversity of perspectives, and also understand that one-size-fits-all 
solutions aren’t what we should endeavor to develop. Understanding the diversity of needs 
and ideas in this space can also help us identify where we can construct broad support mech-
anisms for everyone. This approach, along with trying to better understand the open solutions 
space, will ultimately provide much more effective support for the future of open than creating 
overly-detailed open policies that no one will follow, and that will be largely inapplicable to the 
majority of real-world open efforts. 
 
The more effective framework for these solutions will likely be broad, flexible, and turnkey, 
allowing researchers to easily comply.7 Solutions will also need to be clearly beneficial to re-
search and researchers; the incentives switch needs to be flipped or open will only grow as far 
and as fast as we push it. Constructing a self-incentivized solution space will allow solutions to 
evolve that people want and need. And critically, these are the solutions that people will end up 
using. Use may be key because the world already has plenty of ambitious knowledge sharing 
platforms that simply don’t contain enough data to be useful, and/or don’t get enough use or 
upkeep to merit further investment.8 

•	 Our greatest mistake as policy analysts and advisors would be to think we are 
smarter than this community’s marketplace of ideas and outcomes, and recommend 
that UNESCO attempt to impose a rigid ideological order on this diverse and deeply complex 
landscape. Doing so would be at best ineffectual, and at worst might fracture the global solu-
tion space instead of unite it. A global open policy needs to be more than just words. Without 
creating a framework for open solutions along with a framework for policy engagement through 
which diverse voices can be heard and community action can be pursued together, our open 
actions and policies will not have the truly transformative impact we need them to have, and 
could even be harmful. Transitioning to this environment of collective understanding and action 
will take time and will involve robust and dedicated efforts.  
 

7. Although it’s possible that the “right” solutions may also be narrow, rigid and difficult to implement; as will be noted later in 
this report, several of the most effective and ambitious data sharing communities do in fact utilize narrow solutions. However, 
a broad, flexible and turnkey model allows communities to adapt to the reality of their information-sharing needs (and build 
narrow solutions inside a broad framework of tools and support) rather than being forced to implement the wrong one-size-
fits-all sharing solution. The point is that these solutions will need to evolve from community conversations about goals and 
how best to achieve these goals.
8. Institutional repositories (IRs) are the common cautionary tale here. Historically, many have eventually fallen into a state of 
disuse and disrepair because they are simply too difficult and expensive to maintain and don’t get used enough to warrant ad-
ditional investment. See Dubinsky 2014 and other surveys. However, the IR world may be improving as open policies mature 
and become more widely adopted—surveys from five years ago may not accurately reflect the current state of the market.
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Creating UNESCO’s open solutions policy framework is only part of the solution. The first step 
will be for a critical mass of supporters in this community to stop thinking of the open solutions 
universe as something that belongs to any single institution, stakeholder or interest group.

Key assessments (needed indicators and dimensions)

Indicators and dimensions are the keys to policy evaluation and a necessary part of the policy develop-
ment process. However, they are also very easy to get wrong. Wrong indicators and dimensions can 
lead to wrong policies and outcomes. In an undertaking like ours, where definitions are fluid and dif-
ferent stakeholders have different goals, it’s almost inevitable that inventing indicators and dimensions 
to measure the current open solutions landscape will be both suspect and inaccurate. It will be better 
if the open indicators the global community wants and needs evolve from the goals we set together. 
These indicators may end up being very narrow, focusing on outcomes such as: how effectively we’re 
addressing a particular challenge in science or government; or how quickly books in the public domain 
are being digitized; or how widely popular software (like Wordpress) is being used. Or they may be 
discipline-specific, or measure progress by institution, region, or even globally. We simply won’t know 
until we first discuss our common goals and then develop the assessments we want and need to mea-
sure our progress toward these goals.

Outside this tight and relevant bubble, though, there are a number of dimensions indirectly related to 
openness that also need to be assessed. These aren’t the dimensions we were looking for, but they are 
important nonetheless, including: forecasting what impact the fracturing of the open solutions space 
will have; getting a better grasp on the scope and impact of current inequities with regard to knowl-
edge access; mapping out the stakeholder space to understand explicitly where more and better con-
nections can be made; understanding the impact of SciHub and predatory publishing on open usage; 
and other detailed concerns. 
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SECTION 1: EVIDENCE

BACKGROUND

Before we can weigh the pros and cons of a unified approach to open solutions and common 
ground open solutions policies, we need to review our key evidence. What is UNESCO’s ap-
proach to open? How does this compare with the global approach? What do we know about 

open access, open data, open science, and other open movements and solutions that can inform our 
understanding of how these might merge together, and about which policy approaches and goals 
might work and not work?

UNESCO’s approach

Like the rest of the world, UNESCO’s approach toward open has evolved over time. Different sectors 
and divisions have taken up different aspects of open at different times. The open access challenge—
which is mainly focused on improving access to published academic articles—is the oldest of these 
efforts at UNESCO, beginning in the Knowledge Societies Division’s Communication and Information 
(CI) Sector around 2001. The main focus of this effort has been to engage with global open access 
communities and help develop dialogue and solutions.

UNESCO’s open science program is much newer, taking form in early 2019 under the direction of the 
agency’s Division of Science Policy and Capacity Building (Natural Sciences Sector). The goal of this 
program is to synthesize the globally diverse approaches to open science into one standard setting 
approach that can help shape national laws and policies. At the 40th session of UNESCO’s General 
Conference on October 8, 2019, 193 member states tasked UNESCO (but specifically this division of 
UNESCO) with “the development of an international standard-setting instrument on Open Science in 
the form of a UNESCO Recommendation on Open Science to be adopted by Member States in 2021.”9 

This recommendation “is expected to define shared values and principles for Open Science, and identi-
fy concrete measures on Open Access and Open Data, with proposals to bring citizens closer to sci-
ence and commitments to facilitate the production and dissemination of scientific knowledge around 
the world. The Recommendation will be developed through a regionally balanced, multistakeholder, 
inclusive and transparent consultation process.” In this approach to open, open science is seen as being 
at the center, wherein open science allows “scientific information, data and outputs to be more widely 
accessible (Open Access) and more reliably harnessed (Open Data) with the active engagement of all 
the stakeholders (Open to Society).”10

UNESCO’s open solutions idea, by contrast, is an umbrella description of the organization’s CI sector 
work that promotes various approaches to open like open education, open software, and open access. 
Open solutions in this depiction “targets leaders, professionals, researchers and ICT (information and 
communication technology) users, supporting communities of practice, encouraging empirical re-
search and publications, and organizing key events at global, regional, and national levels to share best 
practices, with comprehensive programmes in: Open Educational Resources—providing teachers and 

9. https://unesdoc.unesco.org/ark:/48223/pf0000370291
10. https://en.unesco.org/science-sustainable-future/open-science and https://en.unesco.org/sites/default/files/open_science_
brochure_en.pdf
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learners with high-quality teaching and learning materials 
that allow for free use, adaptation, and distribution; Open 
Access to scientific information—enabling scientists and 
researchers to share and access scholarly information on 
the latest scientific advances; [and] Free and Open Source 
Software—providing a wide range of tools and processes 
for creating, exchanging, and sharing interoperable soft-
ware and solutions efficiently and effectively.” This pro-
gram is rooted in UNESCO’s belief “that universal access 
to information and knowledge is key to the building of 
peace, sustainable social and economic development, and 
intercultural dialogue,” and that advances in open move-
ments and solutions have made this vision achievable.11

There are also other distinct focus points in UNESCO covering open educational resources, open cod-
ing, open government, and more. These various approaches are increasingly beginning to intersect at a 
policy level, although much integration work remains. At a higher level, however, the overlap is clear: At 
least 10 out of the 17 Sustainable Development Goals (SDGs) comprising the UN’s 2030 Agenda for 
Sustainable Development require constant scientific input, and open solutions are a key part of ensur-
ing the sustainability of this input.12

As a foundation for this assessment, this report will ascertain whether UNESCO’s new open solutions 
approach makes sense—whether an approach like this, and particularly one driven by shared goals (as 
will be discussed later in this report), works conceptually, what form this kind of an approach might 
take, and the pros, cons and challenges of such an approach writ large. This report will not delve into 
details like the specific construction, alignment, funding, and capacity of each of UNESCO’s open 
programs, what is needed for these programs to integrate and/or develop, or what role a strengthened 
UNESCO open solutions program would play. This is critically important information, however, and it 
needs to be gathered in order for UNESCO to calculate how to enact the recommendations put forward 
in this report. This information is, however, beyond the ability of this expert author group to discern. 

The global approach

The global movement toward open scholarship has been evolving in fits and starts for decades now, if 
not centuries. Marking exact starting points in this evolution can unfortunately lead toward rather spu-
rious and self-serving conclusions13—certain individuals and events have been more important than 
others. Fundamentally, the very foundation of research is built on the need to share information with 
other researchers and the public, and has been moderated by the limitations and tensions associated 
with these sharing practices. As our society lurches today toward greater expectations of openness 

11. https://en.unesco.org/themes/open-solutions
12. http://www.unesco.org/new/en/communication-and-information/access-to-knowledge/open-access-to-scientific-informa-
tion/
13. For instance, open access advocates sometimes point to the 2002 Budapest Open Access Initiative (BOAI) as a funda-
mental turning point in the evolution of open access; others have noted that open access practices were evolving long before 
2002 and that BOAI was just an important part of the evolution of open. It’s important to understand the full history of how 
open has evolved over time rather than see any single moment in this history as being seminal or beyond dispute (particularly 
for an event like BOAI, which involved only 17 people). This matters not just for the sake of accuracy, but also because “belief” 
in BOAI is often what separates open access true believers from “heretics”—an unnecessary but nonetheless real dynamic in 
the open access reform community. There is no doubt that BOAI’s attempt to define open (however imperfect that definition is 
today) brought a lot of attention to the topic and has provided a useful foundation for conversation. It is not, however, the final 
word in open, or an infallible definition. More will be discussed about this dynamic later in this paper. See also Poynder 2020 
for a deeper discussion of open access ideology.

The global movement toward 
open scholarship has been 
evolving in fits and starts for 
decades now, if not centuries. 
Marking exact starting points 
in this evolution can unfortu-
nately lead toward rather spu-
rious and self-serving conclu-
sions...
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and our technology demonstrates what can be done with open information, it is no wonder that we 
also expect more openness from research and huge benefits from this openness.14 In response to these 
pressures, different fields, regions and institutions have been taking different approaches to openness, 
and globally, stakeholder groups have been buffeted to varying degrees by changes in open require-
ments and practices—funding agencies, researchers, publishers, universities, libraries and more.

These paths are varied not just because of varying needs, but because openness itself is at once a 
philosophy, a practice and a goal. Different elements of these open tendrils motivate, inform, connect 
and differentiate various open movements (as well as actions, tools and policies) in a variety of ways. 
In general, the emphasis of open movements is to create openness by default, which creates tensions 
with cultural norms of information hoarding and sharing—subscription paywalls, copyright, secrecy, 
competition, national security, and so on. 

All of these various movements have matured and diversified since their inceptions. All were initially 
fueled by the idealism that open information was an unalloyed public good; and over time, all have 
developed a deeper sense that there are no one-size-fits-all solutions or interpretations, that different 
fields and regions have different information needs, that there are pros and cons to various approaches 
to open, and that there are a constellation of perspectives and solutions driven less by idealism than 
by specialization.15The open challenge of today is to figure out how to continue to evolve our sharing 
and access norms and overcome some of these tensions by better understanding the root concerns 
involved and looking for ways to adapt.

This is part of the reason why UNESCO is focusing on the big pic-
ture.16 An approach that understands and embraces the diversity of 
opinions and definitions across research fields, regions, and differ-
ent open solutions and efforts is critical for understanding open and 
arriving at conclusions and policies that aren’t ideologically or philo-
sophically wedded to any one open approach, policy or perspective. 

Another reason for UNESCO’s broad focus is that we are at some-
thing of a tipping point in open, as participants in the November 
2019 Berlin Debate on Science and Science Policy noted (see 
Bosch 2019). While the challenges of open are immense, and the 
answers are wide and varied, there does seem to be broad agree-
ment that we are at or near a unique period in history when we 
might be able to create a new and productive future for open by 
working together on our common ground.

14. Whether this is owing to “information capitalism,” the falling costs of transmitting information, or other factors is beyond 
the scope of this report. The point is that it’s happening. When desktop publishing emerged in the early to mid-1990s, there 
was an explosion in the number of books being published and the number of publishers operating in the marketplace. There 
was nothing theoretical or sinister happening here—just new opportunities being explored, causing lots of market disruption 
as a result (and along with this disruption, the development of new opportunities). It’s possible to overthink these dynamics 
and start inventing motives and agendas where the reality is actually much more vanilla—opportunity. Advancing technology 
creates new opportunities, which leads to changes in the market, which causes disruption and opportunities, which leads to 
new technical solutions and opportunities, and so on. This “opportunity churning” has been happening in the communication 
sector at a rapid clip over at least the last 30 years and shows no signs of slowing down. The forces at play here are not solely 
technical, commercial, legal, or societal, but a mix of all of the above.
15. For more detail, the 2019 State of Open Data report (Davies 2019) gives an up-to-date, comprehensive and illuminating 
view of the open data landscape.
16. And as such, UNESCO has supported and drawn on the advice of OSI since 2015 so that together, both groups can try to 
better understand the open space and develop global, inclusive approaches to the future of open. Jon Tennant has noted (Ten-
nant 2019, p. 17), that OSI is probably the best arbiter of this approach due to its diversity and partnership with UNESCO. 

All of these movements 
were initially fueled by 
the idealism that open 
information was an un-
alloyed public good; and 
over time, all have devel-
oped a deeper sense that 
there are no one-size-
fits-all solutions or inter-
pretations...

OSI POLICY PERSPECTIVE 4: OPEN SOLUTIONS 10



This is also a moment when policy observers like OSI and others are beginning to note that our theo-
retical definitions of open are wide-ranging and do not match the reality of openness in practice; that 
this lack of common ground inhibits the transferability of open lessons learned; and that openness, 
while holding out so much potential for doing good, also has the very real potential for making rich 
countries richer because they are the ones who are predominately developing and populating open 
solutions (Smith 2020). This will continue to be the case if we ignore real-world, bottom-up open solu-
tions in favor of open theories that are grounded in global north perspectives, and doing so slowly with 
open policies that are ill-fitting, lag behind the most effective cutting edge open practices, and are too 
often short-lived or poorly resourced (Smith 2020). The time has come to rethink our approach to how 
open solutions can be more unified conceptually, as well as more unified globally.

So, what exactly does this common ground look like? For the purposes of this report, we are primarily 
exploring open practices as they relate to research. However, all open fields and practices share some 
common ground so all will be mapped here to some degree (within limits, since a very deep discussion 
is well beyond the scope of this paper) in order to better facilitate our later discussion of what a truly 
broad open solutions framework and global policy might look like. 

Open access

Open access (OA) is probably the most widely misused term in the open universe. Generally speaking, 
OA focuses on improving the openness of research publications (for a more complete explanation, see 
Plutchak 2018). Where OA ventures into the realm of 
data or books, there is overlapping “jurisdiction” with 
regard to open data or OER policies. That is, for exam-
ple, OA policies often call for the inclusion of datasets, 
and may even stipulate the exact license and reposi-
tory location of these datasets, but at a granular level 
exactly how these datasets are constructed ventures 
out of the expertise of OA and into the expertise of 
open data.

A great many organizations and programs invoke OA 
principles and programs, buttressed by mountains of 
papers and position statements. The most popular 
depiction is that OA is a clearly defined concept that 
emerged from the 2002 Budapest Open Access Initiative (BOAI) meeting. In fact, various forms and 
interpretations of open access began evolving long before 2002 and have branched off in many direc-
tions over the years. Physics and astronomy researchers (and later, researchers from many different 
fields) began depositing their papers in the arXiv preprint repository starting back in 1991, for instance, 
long before BOAI concepts were codified regarding what was and was not open. Today, most arXiv 
papers are published with licenses that do not align with the BOAI definition of open; the same is true 
with bioRXiv and other preprint servers that are much newer than arXiv.17 Even in PubMedCentral, 
which is far and away the world’s largest repository of free-to-read research papers, only about a third 
of the paper have a BOAI-compliant license.18 The BOAI statement was an interesting and worthy take 
on open, but it is neither definitive nor universal. In its defense, the meeting happened in the Stone Age 

17. See, for instance, https://blog.dhimmel.com/biorxiv-licenses as well as other analyses.
18. From the PMC website (https://www.ncbi.nlm.nih.gov/pmc/about/intro/), typing “cc by license[filter]” into the search bar 
returns 1.9 million entries out of 6.6 million total. PMC operates under the “public access” definition of openness which only 
stipulates that materials be free to access, not necessarily free to access and reuse. Public access usually stipulates that in 
addition to access, you can do one of the “5 R’s” of open—retain (as in, keep a copy). What it doesn’t allow is the other four 
“Rs”: reuse, revise, remix, and redistribute.

...open access today has a wide 
variety of definitions and interpre-
tations, and also a wide variety of 
outcomes...all expressing varying 
degrees of “openness” and experi-
encing varying degrees of “accep-
tance” by open advocates as being 
open or not open enough.
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of the Internet, long before we understood how the Information Age via the Internet would truly unfold, 
and it was not a large, global, or authoritative gathering (not that this would have boosted its predictive 
powers).

What we have seen in reality is that open access today has a wide variety of definitions and inter-
pretations, and also a wide variety of outcomes—green, gold, diamond, bronze, black, public access, 
hybrid, and more (only some of which are BOAI-compliant)—all expressing varying degrees of “open-
ness” and experiencing varying degrees of “acceptance” by open advocates as being open or not open 
enough. In practice, these variations have created confusion in the scholarly communication commu-
nity with regard to what open is and how it should be measured. Even open access researchers don’t 

agree—some will refer to 
all kinds of open materials 
as being open access, while 
others will claim that only 
BOAI-compliant information 
is OA. Therefore, when we 
talk about open growing 
fast or not fast enough, or 
certain policies being open 
or not open enough, we’re 
really talking past each other 
because we’re not using the 
word “open” in a precise 
manner—it means different 
things to different people.

In 2016 and 2017, OSI 
conference participants 

developed a model to help visualize how all these different open outcomes actually reside on a spec-
trum of outcomes (see OSI 2016 and OSI 2017b). This spectrum of outcomes—called the DARTS open 
spectrum—is characterized by five dimensions of openness: discoverability, accessibility, reusability, 
transparency, and sustainability. 

TABLE 1: ESTIMATES OF THE AMOUNT OF OPEN ACROSS THREE SOURCES

Type of open Journal articles 
with Crossref 
DOIs, all years

Citable WoS 
articles with DOIs, 
2009–2015

Articles accessed by 
Unpaywall users over 
1-week period in 2017

Open (all types) 27.9% 36.1% 47.0%

Bronze 16.2% 12.9% 15.3%

Hybrid 3.6% 4.3% 8.3%

Gold 3.2% 7.4% 14.3%

Green 4.8% 11.5% 9.1%

Closed 72.0% 63.9% 53.0%
 
Source: Adapted from Piwowar et al. 2018 

FIGURE 1: THE DARTS OPEN SPECTRUM

DISCOVERABLE: Can this information be 
found online? Is it indexed by search engines 
and databases, and hosted on servers open to 
the public? Does it contain adequate permanent 
identifiers (such as DOIs)?

ACCESSIBLE: Once discovered, can this infor-
mation be read by anyone free of charge? Is it 
available in a timely, complete, and easy-to-ac-

cess manner (for instance, is it downloadable or machine-readable, with a dataset included)?

REUSABLE: Can this information be modified? Disseminated? What conditions (both legal and technical) prevent it from 
being repurposed or shared at will?

TRANSPARENT: What do we know about the provenance of this information? Is it peer reviewed? Do we know the funding 
source (are conflicts of interest identified)? What do we know about the study design and analysis?

SUSTAINABLE: Is the open solution for this information artifact sustainable? This may be hard to know — the sustainability of 
larger, more established solutions may evoke more confidence than new, small, or one-off solutions. 

Source: OSI 2016
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The DARTS spectrum encourages more openness in scholarly and scientific communication, while also 
recognizing that open exists in various stages and that in some cases, optimally open may not mean 
maximally open. For clarity’s sake—and to avoid the appearance of usurping the OA term—we can 
refer to all outcomes on this spectrum as being “open” to some degree, and reserve the name “open 
access” only for outcomes that are at or near the right end of this spectrum. 

In the figure below, researcher Eric Archambault (see Archambault 2018) demonstrates how open of all 
kinds (not just gold and green, but also hybrid, bronze, and read-only public access) has been growing 
steadily over time, with close to 50% of new materials now being published in some type of open format, 
and growing at around 4% per year due to “backfilling” (as materials come off of embargo). 

FIGURE 2: OPEN GROWTH RATES, 1970-2018

 
Source: Archambault 2018 

Open data

Open data as we currently use the term is a newer construct than open access and open science—
only about ten years young (Huston 2019, Davies 2019). The philosophical foundations of open data, 
however, are at least as old and diverse, with different audiences focused on different motives and 
outcomes, from discovery to interoperability to the moral/ethical imperative to create a “world brain” of 
science knowledge (Wells 1937). Like OA, open data also involves a great many stakeholders, institu-
tions, and policies, and many different definitions and outcomes, these dispersed not so much along 
a spectrum of outcomes as along a variety of different perspectives and needs, such as research data, 
government data, health data, big data, and business data.19

19. The Open Data Handbook (https://opendatahandbook.org) offers this definition for open data: “Open data is data that can 
be freely used, reused and redistributed by anyone - subject only, at most, to the requirement to attribute and share alike.” 
This implies that the data are available “in a convenient and modifiable form” such that there are no unnecessary technological 
obstacles to exercising licensed rights. However, many other organizations define open data differently. Also, as is discussed 
later in this report, a great wealth of data is open to only select users and is neither convenient nor modifiable. For all practi-
cal purposes, this is open data for the communities that have access to this data and the requisite expertise to use and reuse 
it. Therefore, we need to decide what “counts” as “open”—not necessarily definitionally, since certain manifestations of data 
(charts, graphs, tables) that present data is a new or novel way may in fact be copyrightable—but in terms of whether the 
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The Panton Principles for Open Data in Science, published in 2009, was perhaps the first attempt to 
clearly define what open data should and shouldn’t look like in science. Among other points, these 
principles emphasized that when publishing data, authors needed to use very liberal licenses (like 
CC0), avoid creating restrictions like “non-commercial,” and “make an explicit and robust statement” 
about their wishes regarding how their data was to be used (see Murray-Rust et al. 2009 and Molloy 
2011).

Seven years later, in 2016, with a focus on data accessibility, stewardship, and reuse, the FAIR Guiding 
Principles for scientific data management and stewardship were developed—at once a policy instru-
ment and a philosophical goal. FAIR has proven to be popular and adaptable, stipulating in broad terms 
that data should be findable, accessible, interoperable and reusable. While the DARTS open spectrum 
is descriptive in demonstrating how open access has many different outcomes, FAIR is prescriptive in 
describing the ideal state for open data (achieving this state is another matter, though, as discussed 
later in this report). 

TABLE 2: THE FAIR GUIDING PRINCIPLES

 
To Be Findable: 
	 F1. (meta)data are assigned a globally unique and persistent identifier
	 F2. data are described with rich metadata (defined by R1 below)
	 F3. metadata clearly and explicitly include the identifier of the data it describes
	 F4. (meta)data are registered or indexed in a searchable resource 

To Be Accessible:
	 A1. (meta)data are retrievable by their identifier using a standardized communications protocol
		  A1.1 the protocol is open, free, and universally implementable
		  A1.2. the protocol allows for an authentication and authorization procedure, where necessary
	 A2. metadata are accessible, even when the data are no longer available 

To Be Interoperable:
	 I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.
	 I2. (meta)data use vocabularies that follow FAIR principle
	 I3. (meta)data include qualified references to other (meta)data 

To Be Reusable:
	 R1. meta(data) are richly described with a plurality of accurate and relevant attributes
		  R1.1. (meta)data are released with a clear and accessible data usage license
		  R1. 2. (meta)data are associated with detailed provenance
		  R1. 3. (meta)data meet domain-relevant community standards 

Source: Wilkinson et al., 2016 

 
It is important to note that FAIR data and open data overlap but they are separate and distinct con-
cepts. FAIR data aren’t necessarily open, and open data aren’t necessarily FAIR. As noted on the FAIR 
website,20 “The ‘A’ in FAIR stands for ‘Accessible under well defined conditions’. There may be legit-
imate reasons to shield data and services generated with public funding from public access. These 
include personal privacy, national security, and competitiveness. The FAIR principles, although inspired 

open community is willing to recognize and embrace these “limited open” communities of practice. Finally, it’s important to 
note that not all data is numeric. There is also observational data, video and audio data, and other raw data from research, 
Some of this kind of data is potentially copyrightable because there is a significant creative element associated with gathering it.
20. https://www.go-fair.org/resources/faq/ask-question-difference-fair-data-open-data/
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by Open Science, explicitly and deliberately do not address moral and ethical issues pertaining to the 
openness of data.” Conversely, a data file can be made accessible, appended to the end of a research 
paper, but also be mostly unusable because it lacks a clear license or sufficient explanation. Files like 
these may appear to “tick lots of FAIR and open boxes (e.g. persistent identifiers, basic metadata, 
non-proprietary file formats, etc.) but limited documentation renders the data unusable without more 
information on provenance, explanation of the variables, and methodology” (Higman 2019). So, like 
DARTS, FAIRness exists on a spectrum of outcomes. Finally, it’s important to note that FAIR principles 
embody best practices in research data management (RDM) that have been part of the landscape for 
years (Higman 2019)—the wrapper is new but the broad, overarching sentiments are not.

Today, moving beyond FAIR, the promise of open data has increasingly captivated publishers and 
funders. In its 2018 Open Science by Design report, the US National Academies of Science states that 
“the openness of data is seen as being critical to the progress of science, stimulating innovation, en-
hancing reproducibility, and enabling new research questions.” (NAS 2018)

Open source

Open source may be the most widely used open solution term of all, or at least the open solution term 
that appears most often in published books.21 This isn’t surprising given the huge popularity and im-
portance of coding, and the avid open source developer community. The fundamental purpose of open 
source is the free reuse and resharing of computer code and software, provided attribution is given 
where appropriate.22 The Open Source Initiative, which was formed in 1998 as an educational, advoca-
cy, and stewardship organization, outlines the philosophy of open source code, as well as the different 
approved open source license types.23 Essentially, as noted in the Open Source Initiative website, “Open 
source software is made by many people and distributed under an OSD [Open Source Definition]-com-

21. A Google NGram comparison of how often various open-related terms have appeared in books over the last 30 years 
(see also https://bit.ly/3fvNPr1). This is more of a “fun” measure than a scientific one. Some of the problems with measuring 
word usage this way are noted in a 2015 Wired article (https://bit.ly/36bh0Nf). For example, NGram measures are case-sen-
sitive and vary when the terms are capitalized or abbreviated (open access plus Open Access becomes roughly equal to open 
source plus Open Source, OER is more common than open educational resources—slightly more popular than open govern-
ment—and so on). Also, NGram doesn’t do a word frequency count for academic journals, just books. 

22. Requiring attribution is not allowed for free software licenses, however. According to the document for the GPL license, 
“While we recognize that proper citation is an important part of academic publications, citation cannot be added as an addi-
tional requirement to the GPL. Requiring citation in research papers which made use of GPLed software goes beyond what 
would be an acceptable additional requirement under section 7(b) of GPLv3, and therefore would be considered an additional 
restriction under Section 7 of the GPL. And copyright law does not allow you to place such a requirement on the output of 
software, regardless of whether it is licensed under the terms of the GPL or some other license. See https://www.gnu.org/
licenses/gpl-faq.en.html#RequireCitation for more information.
23. See https://opensource.org/ for more information.
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pliant license which grants all the rights to use, study, change, and share the software in modified and 
unmodified form. Software freedom is essential to enabling community development of open source 
software.” An even more liberal open source framework is “free software” (where “free” in this context 
refers to freedom of reuse, not free in a monetary sense).24 As defined by the Free Software Foundation, 
“Free software developers guarantee everyone equal rights to their programs; any user can study the 
source code, modify it, and share the program. By contrast, most software carries fine print that denies 
users these basic rights, leaving them susceptible to the whims of its owners and vulnerable to surveil-
lance.”25 In order to be compliant, free software has to fulfill the four essential freedoms26:

1.	 The freedom to run the program as you wish, for any purpose (freedom 0);

2.	 The freedom to study how the program works, and change it so it does your computing as you 
wish (freedom 1). Access to the source code is a precondition for this;

3.	 The freedom to redistribute copies so you can help others (freedom 2); and

4.	 The freedom to distribute copies of your modified versions to others (freedom 3). By 
doing this, you can give the whole community a chance to benefit from your changes. Access to 
the source code is a precondition for this.

In many kinds of research, open source has nothing whatsoever to do with open data. Open data is data, 
and open source is application. In some kinds of research, however, this distinction blurs—particularly 
when dealing with large datasets that require programming to understand. Without this accompanying 
code, there would only be a large jumble of information—no organization, analysis, or understanding. So, 
both open data and open code are required to maximize the integrity and replicability of this kind of work.

Open science

The virtues of and need for openness are woven into the very 
fabric of science. In the mid-1600s during the birth of experi-
mentalism, best practices in knowledge creation, sharing and 
preservation were widely debated. These best practices were 
also widely abused, even by some of the most prominent sci-
entists at the time. There was rampant plagiarism, piracy, and 
usurpation of ideas, and partly because of this, a true crisis of fact 
(indeed, “facts” weren’t even a concept yet)—not knowing for 
certain which experimental knowledge was real and which was 
fake, which government laws and statistics had been accurately 
transcribed and which had not, and who invented the knowledge 
being communicated (if indeed this information was factual). The 
genesis of “open science” at this point in history was to communi-
cate facts within a closed group of virtuosi who could then vouch 
for this information and put their imprimatur (such as that of the 
Royal Society) on it. Open most definitely did not mean sharing 

24. As an interesting aside, in computational chemistry there is a big divide between quantum chemists, who typically use 
and develop proprietary and commercial code; and molecular simulation people who tend to go much more down the open/
free software route (there is still some commercial/proprietary). Arguably there should be a shift toward free software ap-
proach, since researchers are unlikely (in most cases) to earn big money from academic code, whereas by making it free 
researchers can push science forward. See Elofsson 2019 for additional reading.
25. https://www.fsf.org/
26. GNU Operating System, What is Free Software? https://www.gnu.org/philosophy/free-sw.html

The very concept of “dis-
covery” didn’t exist until 
the late 16th century. Up 
to this point, the formal 
pursuit of knowledge con-
sisted of studying ways 
to justify Aristotle’s world 
view; the assumption was 
that all knowledge was al-
ready known, and the role 
of higher education was 
to “rediscover” what had 
been forgotten.
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knowledge with the general public quickly or in a way that might jeopardize the intellectual property 
rights of inventors.27 

Concurrent with this evolution, science itself evolved as an intensely competitive field. The very con-
cept of “discovery” didn’t exist until the late 16th century; “facts” didn’t emerge until 150 years later. Up 
to this point, the formal pursuit of knowledge consisted of studying ways to justify Aristotle’s world 
view; the assumption was that all knowledge was already known, and the role of higher education 
was to “rediscover” what had been forgotten. A rapid-fire series of events in the late 15th century and 
mid-16th century changed this attitude, beginning with the discovery of the new world by Christopher 
Columbus, Tycho Brahe’s cataloging of a supernova, and Galileo’s discovery of moons orbiting Jupiter. 
These events in particular, and others soon to follow, uprooted the deeply help societal notions that the 
universe was perfect and that all knowledge was static.

A downhill race for discovery soon ensued, marked by intense competition to be first (and followed 
soon thereafter by the practice of eponymy—naming discoveries after discoverers). There weren’t 
any established methods yet to record discovery—patents were limited and local; copyright was still 
an unimagined concept; and publishing was still very much in its infancy—so “scientists” (this name 
wasn’t used yet either) would often go to great lengths to ensure their discovery was recorded, such 
as sharing secretly encoded messages describing their discoveries with close friends and known fellow 
“natural philosophers” in Europe and North Africa. As publishing matured, the race began to be first to 
publish—Galileo hurriedly submitted his early observations of Jupiter, suspecting that others wouldn’t 
be far behind (since telescopes were becoming increasingly popular at the time). Newton and Leibniz 
fought a years-long legal battle over who invented calculus—both invented calculus independently but 
Newton didn’t publish his discovery; and the Royal Observatory’s director, John Flamsteed, fought the 
Royal Society director Robert Hooke for years for stealing his astronomical data to include in lucrative 
almanacs. Competition for discovery was at the very root of science, and arguably, without this compe-
tition there would have been no science, no facts, and no discovery.28

Perhaps the next great shift in the evolution of science occurred in the US after World War II, when 
there was a rapid increase in spending on research, followed by a rapid increase in government calls 
for accountability in spending. Where was all this research spending going, what benefit was it cre-
ating for society, and how could the public be protected from spending fraud and abuse? This focus 
eventually culminated in the systems we recognize today, including competitive funding, institutional-
ized peer review, and a proliferation of journals to satisfy the publishing and disclosure demands of a 
vast and growing body of global research (Baldwin 2018).

Overlapping this path to transparency has been the same push toward open that we’ve seen in every 
other part of society. In science, the combination of these forces have manifested in a wide variety of 
ways. Fecher & Friesike (2013) postulate that there are now five main schools of thought with regard 
to open science:

1.	 Democratic school: Believing that there is an unequal distribution of access to knowledge, 
this area is concerned with making scholarly knowledge (including publications and data) avail-
able freely for all; 29

27. For a detailed account of this history, see Adrian Johns’s “The Nature of the Book” (Johns 1998) and also David Wooton’s 
“The Invention of Science” (Wootton 2015).
28. For a detailed account of the historical origins of science and discovery, see “The Invention of Science” by David Wootton 
(Wootton 2015).
29. These schools of thought aren’t necessarily separate and distinct; combinations and overlaps certainly exist.
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2.	 Pragmatic school: Following the principle that the creation of knowledge is made more 
efficient through collaboration and strengthened through critique, this area seeks to harness 
network effects by connecting scholars and making scholarly methods transparent; 

3.	 Infrastructure school: This thread is motivated by the assumption that efficient research 
requires readily available platforms, tools and services for dissemination and collaboration;

4.	 Public school: Based on the recognition that true societal impact requires societal engage-
ment in research and readily understandable communication of scientific results, this area seeks 
to bring the public to collaborate in research through citizen science, and make scholarship 
more readily understandable through lay summaries, blogging and other less formal communi-
cative methods; and

5.	 Measurement school: Motivated by the acknowledgment that traditional metrics for mea-
suring scientific impact have proven problematic (by being too heavily focused on publications, 
often only at the journal-level, for instance), this strand seeks “alternative metrics” which can 
make use of the new possibilities of digitally networked tools to track and measure the impact 
of scholarship through formerly invisible activities.

From this varied background, a number of different definitions of open science have arisen, all of them 
—as we think the body of evidence in this space clearly indicates—“wrong” in their own way. Joroen 
Bosman and Bianca Kramer created a useful framework (Bosman & Kramer 2017) for assessing the 
diversity of definitions. In their analysis, they conclude that there are at least five different categories of 
definitions for open science, including: 

1.	 Broad definitions that use selective interpretations (like from the EU and US), to serve as 
broad open science policy wrappers;

2.	 Maximal definitions like the open science taxonomy, below, that accommodate all processes 
relevant to making science and knowledge more open;

FIGURE 3: OPEN SCIENCE TAXONOMY

Source: Knoth & Pontika 2015
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3.	 Practical definitions that denote a core of concern while leaving room for many different 
implementations (e.g., the FAIR principles, which are discussed later in this paper). In practical 
use on a university campus, open science often is a shorthand umbrella term for many activities 
(e.g., open licensing of data or posting open access preprints) that stem from many different 
principles (e.g., transparency, inclusivity, access, social justice);

4.	 Personal definitions that combine many themes and elements from an individual point of 
view; and

5.	 Catchphrase definitions, like the popular “Open science is science done right.” 

Open government

Open government is a concept at least as old as the need 
for science to be open. Originating during the Age of 
Enlightenment, Locke and Rousseau in particular envi-
sioned the need for a partnership between people and the 
societies they inhabited, involving individual rights and 
consent of the governed. An accurate accounting of what 
governments were doing was aspirational at best during 
this period in history, however; reliable printing practices 
were still in their infancy during the mid-17th and early 18th 
centuries, and, as mentioned, societies throughout Europe 
were experiencing crises of fact—there was so much ram-
pant disinformation being printed that it wasn’t even clear 
whether laws were being accurately recorded.30 Still, the 
foundation had been laid for expectations of accountability 
in government, and this foundation persisted across history 
and a wide array of governments.

Fast forward to the mid-20th century, contemporaneous with the evolution of other open philosophies 
and movements,31 governments in the 1950s and 1960s began instituting laws intent on fostering 
more transparent, accessible, and accountable governments. This work has been nurtured and spurred 
on by organizations like UNESCO, the World Bank, the Open Society Foundation, the World Wide Web 
Foundation, and many other state-run and nonprofit organizations.

The Open Data Barometer is one of several organizations that attempts to monitor the current global 
state of open government, which most groups in this space interpret variously but generally mean the 
degree to which government data is openly available. The ODB’s surveys are longitudinal and cover 
a “range of questions about open data contexts, policy, implementation, and impacts and a detailed 

30. See Johns 1998 for a detailed account. One might argue we’re experiencing something similar today as well. However, 
today we’re experiencing a contest between truly authoritative information and blatantly false misinformation (think Q-Anon). 
At least we know what’s true and what’s false, whereas in the mid-17th century there was no such anchor in reality. Howev-
er, Wootton (Wootton 2015) notes that in the early years of printing, before the concept of “discovery” emerged, there also 
wasn’t a cultural sense of “intellectual property.” Hence, some of the piracy and misinformation that was occurring was simply 
a result of demand—that printers wanted to share new knowledge and make money in the process for doing so—whereas 
today the motivation isn’t to share knowledge but to knowingly spread disinformation.
31. Some of this can be traced to the open society work of Karl Popper. UNESCO has also championed freedom of informa-
tion since its inception and has been a global leader in advancing information access as a universal human right.

Open government is a con-
cept at least as old as the 
need for science to be open. 
Originating during the Age 
of Enlightenment, Locke and 
Rousseau in particular envi-
sioned the need for a part-
nership between people and 
the societies they inhabited, 
involving individual rights and 
consent of the governed. 
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dataset survey completed for 15 kinds of data in each government, which...[touch] on issues of data 
availability, format, licensing, timeliness, and discoverability.”32

Many groups are engaged in the open government advocacy side, as mentioned. With regard to policy 
formulation, the ranks are thinner. The Open Data Charter (ODC) is one such organization, growing 
out of the 2013 G8 Open Data Charter. ODC is an ambitious, non-binding pledge, currently signed 
by 22 national governments, to make their key data open by default where ever possible and to make 
this data accessible and reusable. While terms like OER, open access and open science aren’t explicit-
ly mentioned in the charter or in letters of support received from governments (nor is this information 
tracked by projects like ODB), the charter does highlight the need for better data in order to inform 
better evidence-based policy making on issues like climate change. The charter can also be modified 
going forward to include more specific (“policy plus”) detail on issues such as open science. ODC is an 
important example, therefore, of an implicit understanding that already exists throughout the world of 
the connection between open data, open science, and open government.33 In this case, open data is 
being used as proxy to describe a wide range of open solutions outputs.

Open government goes far beyond data, of course, and also merges with issues of social justice, ac-
countability in government, human rights, and beyond. Also included in open government statistics, for 
example, is the fact that 112 countries around the world have freedom of information laws, although 
much work remains with regard to improving the awareness and implementation of these laws and 
access to this information. 34 

The World Justice Project (WJP) tracks global data on “the extent to which a government shares in-
formation, empowers people with tools to hold the government accountable, and fosters citizen par-
ticipation in public policy deliberations,” including “whether basic laws and information on legal rights 
are publicized and…the quality of information published by the government.”35 Much of this information 
is outside the scope of this report, but there is a general overlap with regard to the accessibility of 
government funded research data. That is, although WJP doesn’t break out research data specifically, 
governments around the world have increasingly instituted measures to make the results of publicly 
funded research publicly available, and the world’s most open governments—Western Europe, Can-
ada, Australia, New Zealand, and the United States—also happen to be countries that rank highest in 
terms of the percentage of their research published in open format (Science-Metrix 2018); vice versa, 
more closed (in terms of open government) countries like India, China and Russia have much lower 
open research outputs. There are wide differences everywhere in how open government and open 
government research data policies are being implemented, and also interesting dichotomies, with gov-
ernments in Latin and South America ranking relatively low on the open government scale but high in 
terms of the percentage of their research published in open format.36

Open educational resources

Open educational resources (OERs) are another major presence in the open solutions space. OERs can 
take many forms, from open courseware (like free and open licensed classroom materials), to books, 
to massive open online courses (MOOCs) and knowledge resource banks like Wikipedia and the Khan 
Academy.

32. For more information, see the ODB website at https://opendatabarometer.org/
33. See https://opendatacharter.net for more information. Other global open data (within the context of open government) 
policies have come out of the G8, G20, and OECD.
34. For more information, see UNESCO’s 2018 report on world trends in freedom of expression (UNESCO 2018).
35. See https://worldjusticeproject.org/ for details
36. For example, Brazil leads the world with 74% of its research content published in open format (Science-Metrix 2018), but 
ranks 31st with regard to open government measures
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OERs overlap with academia in a major way as schools (including university level open courses for the 
general public) seek more and more legal ways to keep costs down for students and keep teaching 
materials up-to-date. There is also overlap with regard to usability in particular—with regard to fig-
uring out how to make use of all the open access, open data, open science, open government, open 
source/code, and other open solutions materials in the world. Once these materials are licensed in an 
open format, what then? OERs are one practical application of this information availability.

OERs are the newest entrant into the open solutions space. The Hewlett Foundation took the early 
lead on inventing this concept in 2002, motivated by the need for more accessible and reliable edu-
cational resources around the world and the potential of the Internet to provide these resources. By 
around 2008, a number of other significant OER projects had sprouted up, like MIT’s OpenCourseWare, 
Carnegie Mellon’s Open Learning Initiative, the Open University UK’s OpenLearn, and Rice University’s 
OpenStax. Together with other relatively new organizations like OER Africa, the Institute for the Study 
of Knowledge Management (OER Commons) Creative Commons, the Open Society Institute and the 
Shuttleworth Foundation, these groups formed the beginnings of the OER movement and created a 
global infrastructure for open licensing.37 

Practice-based open

It’s also important to mention the several “practice-based” types of open that exist in this conversation, 
such as open collaboration, open recognition/reward, open publishing practices, and so on. These are 
open-based approaches to the many side issues in publishing that need to be addressed as part of any 
comprehensive reform effort in scholarly communication, such as peer review and evaluation. Insofar 
as these deal with the practical “how” of open research more than the conceptual “what” (such as jour-
nal articles, data or code), open practices are at the cutting edge of innovation and tend to flow across 
conceptual boundaries:

•	 Open collaboration: These are tools and processes that support inclusive and networked 
research practices. For instance, there are many different virtual research environments (which 
vary by discipline; see also the Center for Open Science’s Open Science Framework); collabora-
tive writing platforms like Authorea and Overleaf; massively open online papers, or MOOPs (see 
Tennant 2020a); reference management tools like Mendeley and Zotero; annotation tools like 
PubPeer and Hypothes.is; data/code project collaboration sites like GitHub; and academic social 
networks like ResearchGate.38

•	 Open recognition and reward: These are tools and processes that help improve researcher 
identification and evaluation. Tools like CRediT (Contribution Roles Taxonomy), for example, 
allow for a standardized description of each author’s individual contribution to an article; using 
ORCID helps permanently connect researchers with their research activities; the San Francisco 
Declaration on Research Assessment (DORA) defines how we can move away from journal 
based evaluations; and the Leiden Manifesto offers guidance on how to use research evaluation 
metrics more responsibly.

•	 Open publishing practices: These are tools and process that help increase the transparency 
and reproducibility of research processes and products. For instance, protocols can be regis-

37. For more information, see the Hewlett Foundation’s report on origins of the OER sector (Atkins 2007).
38. ResearchGate is a for profit and it’s unclear what they are going to do with all the data they gather or whether their 
copyright violation practices will end. The network isn’t mentioned here by way of endorsement, just example since they are 
currently the largest academic network (unless we also count organizations like AAAS). Academia.edu is another prominent 
company in this category.
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tered through Registered Reports or ClinicalTrials.gov; open notebooks can be used to track 
research step by step; open peer review processes can help daylight research critique; using pre-
prints can provide an important source of feedback as the final version of an article is developed; 
and open publishing standards like xml can increase the usability and visibility of documents.

Synthesis

How do all these concepts overlap with regard to the information we deliberately share?39 Let’s briefly 
consider four possible approaches. First, for all practical purposes—and this will become more evident 
as additional evidence is presented in this report—it’s important to note that there are essentially an 
infinite variety of information seeking behaviors and information granting solutions in the open space 
and beyond, describing the interaction between two given researchers, a researcher and her particular 

39. Here, the word “deliberately” is used because there is also a great deal of personal, non-research information we involun-
tarily share in the normal course of a day via the Internet, or other personal information like health and financial that is shared 
but not with the intent to reuse publicly. This analysis focuses on just a subset of information that has to do with knowledge 
creation. Also, it’s important to note that the dynamics of voluntarily sharing information probably differ in important ways 
from the dynamics of sharing information due to regulations and mandates. This difference hasn’t been explored yet to the 
best of our knowledge, but one hypothesis is that there will be more diversity in the types of and solutions for freely shared 
information versus information shared via mandates and regulations (at least strictly constructed ones). 

Different entities have different issues with regard 
to access, depending on their relationship and the 
nature of information being sought. These issues 
intersect in an essentially infinite variety of ways. 
Sometimes, access is easy, expected, and/or of 
obvious interest/need. At other times, none of the 
above apply. Take for instance the intersecting 
information clouds of a person, an institution, a 
field of study, and a government. At the core of 
each information cloud (region A) is closely-held 
information (think financial information, for in-
stance). Surrounding this information is an access 
barrier (wall 1). In the next information ring, region 
B, we find information that is both accessible and 
usable—in the case of individuals, for instance, 
banking records that are accessible to both indi-
viduals and institutions. Both access and usability 
barriers encompass region B, in both directions. 
Incoming access barriers (wall 2) are defined by 
discovery, findability, technical feasibility (like 
having an Internet connection) and so on; the 
outgoing usability barrier is defined by issues like 
format, ease-of-use, language, and so on. The next 
information region (area C) is the information we 
“shed” either voluntarily (by publishing, for exam-
ple) or involuntarily (by using a web browser). Here 
again, this cloud is encased by usability and access 

barriers (wall 3). In this case, the incoming access barrier might be defined by paywalls, and in the incoming usability barrier 
might be defined by whether the data is clean or standardized. Every user—every individual, institution, government, or other 
entity—has a different information cloud profile, with different ways in which information gets shed into region C, different 
motives and methods for access, and different barriers for actually utility information instead of just accessing it. Indeed, for 
every information seeking interaction, a different information cloud profile will exists. Region D represents overlap, which can 
take on many different forms. In some cases, this overlap might result in the creation of an information silo, for example, and 
this silo may attempt to make the access and usability barriers lower in the region of overlap.

FIGURE 4: INFORMATION BEHAVIORS
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institution, between a particular institution and a government, 
and so on (see Figure 4). This space is much broader and more 
complex than we’ve discussed so far in this report. It’s important 
to keep this in mind when considering a synthesis model that 
describes the entire open space and not just the parts we have 
labeled. All of this activity is facilitated by and gives rise to a 
diaspora of actors, policies, programs and concepts. 

The first and most obvious approach to understanding the over-
lap between these behaviors and solutions is to use brute force, 
cataloging the entire corpus of open solutions definitions, tools, 
policies, programs and actors, arranging them on a white board 
and looking for points of intersection (Figure 5). This approach 
is tempting but it ultimately misses the point that these inter-
changes and intersections represent a search for information, 
not a category of open effort. At best, this approach just reveals 
a dispiritingly complex taxonomy of open that is too broad to be useful, not any fundamental truths 
about open solutions. 

The second approach is similar but broader. In their 2020 work, “Making open development inclusive: 
lessons from IDRC research” (Smith 2020), Matthew Smith and Ruhiya Kristine Seward conclude that 
open efforts are so interrelated at the practice level that they can be best described as “open develop-
ment” practices (very similar in thinking to this report’s “open solutions” nomenclature). Surrounding 

and supporting these common 
practices are consumption, produc-
tion and distribution systems that 
also share many common features 
(Figure 6).

Smith and Seward’s approach 
avoids the temptation of the first 
approach to simply organize all 
phenomena in the open universe, 
but their model may still be too 
specific to reveal any fundamen-
tal truths about open solutions. 
That is, it still aims to organize this 
universe on the basis of “what” is 
being observed (empirical truths) 
instead of digging for the more 
fundamental conceptual and theo-
retical truths that explain “why” the 
open universe operates the way it 
does. Also, from a policy perspec-
tive, it may not be helpful to simply 
note that all open solutions have 
similar practices. There is clearly 
overlap. The question is how do we 
translate this common ground into 
action? In this case, open solutions 
do indeed share many similar prac-

FIGURE 5: OPEN SOLUTIONS OVERLAP

FIGURE 6: OPEN SOLUTIONS SYNTHESIS

Source: Smith 2020
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tices, but these practices are also very specific. Here, we want to avoid the temptation to invent one-
size-fits-all open policies based on observations alone (e.g., all grass grows, therefore we only need to 
make one kind of lawn mower).40

The third approach is philosophical (see Figure 7). Considering what we know about the purpose, 
means and tools of each open solution, the philosophical approach reveals that all solutions are simply 
different manifestations of a limitless combination of information seeking needs, tensions, barriers and 
usability issues:

1.	 The need, desire or requirement to share information. Needs and desires exist for any 
number of reasons, within and between each open solution, to create valuable new spaces for 
information sharing: to rectify inequities in how information is currently being shared, to create 
the potential for new interactions, to facilitate growth and seamless interchange in a field, for 

40. This ties into an important point, brought up later in this report, that an effective open solutions model needs to be grounded 
in inclusion, and built and maintained by the information communities it serves, rather than imposed from the outside.

Philosophically, every search for open information can be characterized by four factors: needs, access, tensions and 
usability. These factors intersect in unique ways for each open information search. Diversity is a fifth common factor, 
but this is expressed as the various unique solutions and solution sets and a wide variety of unique circumstances. At 
each point of intersection for each of these circumstances, a spectrum of unique open solutions exists. For instance, 
at the intersection of access and need for one particular circumstance, a variety of solutions might exist—say to 
address the availability of affordable STM journals in Nigeria. But there are far fewer solutions that also address 
the tensions and usability concerns of this one circumstance. Also, all of these solutions may be inapplicable to the 
availability of affordable HSS journals in Nigeria, or the usability of open data in chemistry research in Belgium, or the 
tensions around using CC-BY in bioinformatics journals in China. Each circumstance has its own unique intersections 
of concerns, and the solutions for each of these intersections aren’t necessarily applicable to other circumstances; 
however, many circumstances are similar enough that they can share the “templates” of solutions and in some cases 
even the solutions themselves can interoperable. This is why an understanding of and respect for the diversity in this 
space is essential to coming up with solutions that work, instead of looking for one-size-fits-all solutions.

FIGURE 7: OPEN SOLUTIONS PHILOSOPHIES
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moral-ethical or social justice reasons, or even to make money. Requirements can include com-
plying with government, institutional and/or funder mandates for sharing, or sometimes legal 
requirements (like the US Freedom of Information Act).41

2.	 Tensions about sharing. These tensions take the form of seeking assurance that authors 
receive proper credit for their ideas (especially in cases where discovery is involved), that ideas 
are not misused or misrepresented by others, that privacy concerns (with regard to health 
research) and security concerns are respected (with regard to sharing business or government 
data). In the open access, open data and open science policy conversations to date, these 
tensions have frequently been downplayed by policy makers. Surely, so goes the argument, 
researchers understand that knowledge belongs to society. Therefore, research generated with 
the public purse should be willingly given to the public, on demand. This argument often runs 
roughshod over the history of competition in science and simply assumes that science will con-
tinue to thrive in an environment where discovery is no longer the driving incentive, replaced 
instead by sharing—where preliminary data should be released immediately to other scientists 
and the public so that anyone anywhere can use this knowledge at once. This is a bridge too far 
in the minds of many scientists, and may be the primary reason why there is pushback against 
the current way of thinking about open.42 In their mind, is this kind of open worth the risk? 

3.	 Access barriers.43 Simply making information available doesn’t necessarily ensure access. 
Across fields, the most common access barriers are cost and findability (or discoverability—
which is to say, is the information being shared properly coded for discovery on the internet 
or stored in the right places?). Other access barriers include timeliness (embargoes in the print 
world), political interference, and technical limitations (internet bandwidth, for instance, or 
lacking the right hardware or software, especially for activities like high-throughput data pro-
cessing). Although not technically a barrier to access in the same sense as these other fac-
tors, awareness and motivation also keep researchers from using open resources. This lack 
of awareness and lack of motivation limits the growth of content in open platforms and limits 
what can be accomplished with them.

4.	 Usability and reusability barriers.44 Getting access to information is only part of the battle. 
The next step is being able to adequately use or reuse this information. Common barriers in-
clude a lack of common standards (from technical to formats to naming conventions, units, and 
measures, all of which goes to the issue of interoperability), a lack of context (posting a dataset 
without also including a complete set of notes for how to interpret this dataset, which can be 
dangerous and lead to misuse), language differences, insufficient transparency to satisfy integ-
rity and reliability questions (researchers cannot trust that data is truthful and replicable if they 
don’t have enough accompanying analysis to satisfy their concerns), and licensing formats.45 

41. With regard to requirements, as will be noted later in this report, a sizable percentage of researchers often request ex-
emptions from sharing for any number of reasons (for instance, to protect the confidentiality of ongoing research work). 
42. Survey data exploring this dynamic is discussed later in this report.
43. To address the open access goals of printed research, access and usability concerns are summed up by the DARTS Open 
Framework, with DARTS covering discoverability, accessibility, reusability, transparency, and sustainability. Open data goals 
are often summarized by FAIR, requiring that data be findable, accessible, interoperable and reusable.
44. Ibid.
45. Here, Fair Use (also known as Fair Dealing) laws allow text in any licensing format, including assigned copyright, to be 
used within reason. As long as large chunks of research papers aren’t reprinted verbatim (and also considering the character 
of the use, the nature of the copyrighted work, the percent of the work being reprinted and the effect on the potential market 
for or value of the copyrighted work), there is generally no restriction on citing this kind of work, or even mining copyrighted 
research papers for content. The most serious limitation with regard to licensing formats in this particular genre of knowledge 
may have to do with the inconsistent or improper licensing of datasets. The ideal licensing format for data is CC0, or public 
domain, since this format doesn’t require attribution. When data is licensed in a more restrictive format such as CC-BY (which 
is a liberal license for print but not for data), attribution is required, which is difficult to do and track when datasets are mixed 
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Other barriers can include differences in goals—what is suitably open for one group may be 
less than suitable for another group. Even these open goals themselves may pose a barrier 
if they are incompatible with the degree to which information can be shared (for instance, if 
there’s a requirement to immediately post study data to the web but a typical dataset in your 
study is far too large to upload or download).

5.	 A diaspora of diversity. All open fields have a vast amount of activity and diversity. This 
diversity involves a wide variety of stakeholders and institutions, all with different motives, 
perspectives, goals, policies and measures. There are agencies upon agencies in every field 
working together to coordinate activities and streamline policies, although this is generally just 
a lot of siloed collaboration (see Davies 2019 for instance). Most notably, there is generally no 
widespread and coordinated action to connect different fields of open—organizations tend to 
specialize only in open data, for instance, or open access (repository groups are an exception, 
straddling both of these fields; major research universities can also be hubs of local integration). 
These diasporas are all struggling with the same challenge that open is growing—how fast is 
difficult to quantify because there are so many differing perceptions involved (e.g., what counts 
as “open”), a wide variety of dimensions/indicators/metrics for open growth and impact (e.g., 
open citations), large gaps in the understanding of needs and best practices, and large capacity 
gaps (for infrastructure development, education/training, and monitoring/evaluation).

Each of these five common concerns can be unique for each information challenge. With regard to the 
first challenge of assessing the need for sharing, this need may not exist in all situations, or even if it 
does, the reasons for sharing may be outweighed by other concerns like the practicality of doing so (for 
instance, if the data in question is too large to share, has national security implications, or is protected 
by intellectual property rights). In other cases, usability may be impacted by timeliness issues—data 
that takes five years to clean and prepare for public consumption may not be as usable as data that is 
immediately usable. The questions and challenges are at once varied, broad and deep, and the solu-
tions we invent display a spectrum of outcomes for each point where the Venn diagram of needs, 
tensions, barriers and/or usability issues overlaps. 

The fourth and maybe most usable approach (at least from a policy development perspective) to un-
derstanding the overlap between various open solutions is the goal-based approach (Figure 8). Fun-
damentally, all open efforts share one common goal—to make information more open. To achieve this 
goal, many different strategies and methods are employed. In this approach, the diaspora of actors and 
definitions that surround this activity are largely irrelevant in terms of modeling. They are just a reflec-
tion and manifestation of the open strategies and methods employed. 

1.	 Goals: The overarching goal of every open solutions approach is to make information more 
open. Inside this big tent are a number of more specific goals, some outcome oriented and 
others more organizing in nature. Outcome-oriented subsets include (depending on the circum-
stance) making information immediately open (no embargoes, making it open subject to specific 
licensing conditions, making it freely open in perpetuity, and so on. Organizing subsets include 
focus points like improving science, improving transparency in government, improving the 
equitable distribution of research knowledge around the globe, or improving the interoperability 
of data. All of these subsets are vital for mobilizing activity and expertise, but they can also be 
distracting because they are often promoted as ends in themselves, blinding us to the fact (due to 
their apparent salience) that the common goal of all of these efforts is openness, not a particular 
flavor of openness. This is true even if subsets don’t overlap. That is, for instance, even if the sep-

and merged for reuse. This becomes particularly problematic when large sets of data are accumulated. One bad apple can 
spoil the bunch—one restrictive contribution can render the entire large dataset unusable from a legal perspective.

OSI POLICY PERSPECTIVE 4: OPEN SOLUTIONS 26



FIGURE 8: OPEN SOLUTIONS GOALS

In this model, goals beget strategies, 
which beget methods. It’s important to 
note that some subgoals may be more 
“actionable” than others because they 
share a common goals and beliefs (for 
example, improving science). Locating 
and building upon the most actionable 
of these common ground subgoals is 
important and will be discussed later in 
this report. Other subgoals, however, may 
only appear to be more salient because 
of the degree to which they are engaged 
with strategies and methods (for in-
stance, having more stakeholder or policy 
connections). The “apparent salience” 
of these subgroups doesn’t necessarily 
make them more actionable—that is, 
they are more fertile ground than com-
mon ground. Also, this apparent salience 
can blind us to what our larger common 
ground goals look like. 

arate goals of improving the equitable distribution of knowledge around the world and improving 
research don’t overlap (though they do), they all share a common goal of improving the openness 
of information.

2.	 Strategies: Because the goals space is so diverse, different open solutions necessarily involve 
different strategies for advancing openness. For open access, the primary strategy is to engage 
with publishers and academic libraries—publishers as the interlocutors of research knowledge, 
and libraries as the primary buyers of the journals in which this knowledge is communicated. 
For open data, the primary strategy is to engage with the communities (business, academic, 
etc.) who are generating data to understand what they are doing and what needs exist. For 
open government, the primary strategy is to engage with governments and citizens to advance 
legislation that will free up information for a variety of needs and purposes. Subsets of strate-
gies can involve organizing philosophies like DORA that capture a particular ideal of open and 
enlist a particular audience to advance this ideal; and also the organizing principles of various 
efforts and actors—to reform publishing, to advance science, to improve access, and so on. 

3.	 Methods: In visualizing how the open solutions space is connected, imagine the methods 
phase as the portion that is connected in name only. Flowing from a common general goal and 
a largely disconnected variety of strategies, a vast array of methods has been deployed—open 
publishing solutions, data repositories, a wide variety of tools and best practices, and so on. 
Subsets of methods can include data tools, open publishing platforms, legislation, agreements, 
and more—whatever instruments work to advance the cause of open. Some of these methods 
overlap, many do not. It isn’t important to focus on finding overlap here because, practically 
speaking, each open solution needs to maintain its own methods—we needn’t concern our-
selves with trying to find methods that work for both open source and for open access. The im-
portant thing to note is that, conceptually, these methods are “fringe” considerations, not core. 
They are all working to advance various offshoots of open.
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Figure 8 illustrates this relationship. Note again how in this approach the details we often focus on—
our definitions of open, the different kinds of open solutions, and the variety of tools in this space—are 
all really minor players in the overall scheme. The overall goal—to make information more open—domi-
nates this perspective.46

This goals-based approach has much in common with the Theory of Change approach that is com-
monly used by governments and other organizations to first identify the long-term change that is de-
sired, and then work backwards to map out the actions and policies needed to create this change. See 
Table 3 on the following page for details.

In summary, then, we can conclude that there is a vast variety of potential interactions between re-
searchers, of overlap between concerns, and of potential solutions that address these interactions and 
overlaps. What we tend to notice most often in this space is only the overlap between usable policies 
(like FAIR, for instance), or agencies that are involved in multiple open solution spaces, but in fact, the 
contours of the open solutions space are all defined by the same foundational characteristics. From a phil-
osophical perspective, these contours are the need, desire or requirement to share information; tensions 
about this sharing; access barriers; usability barriers; and a diaspora of diversity. From a goal-based per-
spective, these contours are goals, strategies, and methods. The rest is just noise—important noise, but 
also noise that distracts us from seeing the connections and common ground in this space.

Matthew Smith and Katherine Reilly’s 2013 collection of essays (Smith 2013), titled “Open develop-
ment: networked innovations in international development,” supports this generalized approach to 
open. In their work, the authors identify several crosscutting themes between open movements:

1.	 Openness is a means, not an end. OSI has been preaching this concept for years. Smith 
and Reilly note that across open movements, openness is seen a way to solve problems and 
improve benefits—as a means to end, not the end itself; 47

2.	 Open is layered. The root object upon which open is layered, like technology, can be en-
hanced by openness of varying degrees, but it is not a benefit created from nothing and unto 
itself. This is an important concept insofar as making sure that open evolves and isn’t pursued 
as a complete disjuncture; 

3.	 Open is disruptive. Open models can be very disruptive both in technical and social terms;

4.	 Structure is needed. Harnessing the power of open requires structure, and does not happen 
by chance;

5.	 The ideal Is never the reality. No open model is ever universally and completely open. OSI 
describes this variation in open access publishing with the DARTS open access spectrum (de-
scribed earlier);

6.	 Openness requires a critical perspective. If we truly want open to succeed, we cannot let 
it be an attractive facade that masks inequities or causes unintended consequences. We need to 
keep our open efforts grounded and honest, and question our cultural and ideological assump-
tions; and

46. As an organizing idea, however, we may find it insufficiently motivating to rally around the flag of openness in general. 
Therefore, rallying around a common goal is an important approach to consider, as described later in this report.
47. Arguably, though, this is precisely what many open access advocates are trying to do today, pushing for open as an ideo-
logical goal as opposed to working to develop open solutions that will make research better.

—we needn’t concern 
ourselves with trying to 
find methods that work 
for both open source 
and for open access. 
The important thing to 
note is that conceptu-
ally, these methods are 
“fringe” considerations, 
not core. They are all 
working to advance var-
ious offshoots of open.
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7.	 Openness Is a complex process, not a state. The reality of open is fluid and uncertain and 
extends in at least three dimensions: openness of content, openness to people, and openness 
in process. When we typically consider open paradigms, we only deal with the content and 
people aspects. But as an open model becomes more and more open along these dimensions, it 
also opens up along the process dimension.

Description

Theory of Change (ToC) is a specific type of methodology for planning, participation, and evaluation that is used in com-
panies, philanthropy, not-for-profit and government sectors to promote social change. Theory of Change defines long-
term goals and then maps backward to identify necessary preconditions.

Theory of Change explains the process of change by outlining causal linkages in an initiative, i.e., its shorter-term, inter-
mediate, and longer-term outcomes. The identified changes are mapped – as the “outcomes pathway” – showing each 
outcome in logical relationship to all the others, as well as chronological flow. The links between outcomes are explained 
by “rationales” or statements of why one outcome is thought to be a prerequisite for another.

The innovation of Theory of Change lies (1) in making the distinction between desired and actual outcomes and (2) in 
requiring stakeholders to model their desired outcomes before they decide on forms of intervention to achieve those 
outcomes.

Theory of Change can begin at any stage of an initiative, depending on the intended use. A theory developed at the 
outset is best at informing the planning of an initiative. Having worked out a change model, practitioners can make more 
informed decisions about strategy and tactics. As monitoring and evaluation data become available, stakeholders can pe-
riodically refine the Theory of Change as the evidence indicates. A Theory of Change can be developed retrospectively by 
reading program documents, talking to stakeholders, and analyzing data. This is often done during evaluations reflecting 
what has worked or not in order to understand the past and plan for the future.

Applying the model

An important first step in the process is identifying a workable long-term goal and long-term outcomes. The long-term 
goal should be something the initiative can realistically achieve and that everyone involved understands. A trained exter-
nal facilitator is best to lead the group to consensus and specificity in this process. Once a long-term goal is identified, the 
group then considers: “What conditions must be in place for us to reach the goal? Any such necessary conditions should 
be shown as outcomes on the Theory of Change pathway, underneath the long-term outcome. These outcomes act as 
preconditions to the long-term outcome. The process of identifying preconditions continues, drilling down the pathway 
by posing fundamental questions such as: “What has to be in place for this outcome to be achieved?” and “Are these 
preconditions sufficient for the outcome to be achieved?” In these sessions, participants may use markers, sticky notes, 
and chart paper to identify and organize outcomes, surface assumptions, develop indicators, and so on. The messy group 
work is then usually captured by the facilitator in digital form, through which the content can be expanded, edited, print-
ed, shared, and otherwise managed as the theory continues to be developed.

Growth

The use of Theory of Change in planning and evaluation has increased among philanthropies, government agencies, 
development organizations, universities, international NGOs, the UN, and many other major organizations in both de-
veloped and developing countries. This has led to new areas of work, such as linking the Theory of Change approach to 
systems thinking and complexity. Change processes are no longer seen as linear, but as having many feedback loops that 
need to be understood. Consequently, Theory of Change is strengthening monitoring, evaluation and learning. They are 
also helping to understand and assess impact in hard to measure areas, such as governance, capacity strengthening and 
institutional development. Innovations continue to emerge. 

 
Source: Excerpted from Wikipedia (https://en.wikipedia.org/wiki/Theory_of_change)

TABLE 3: THEORY OF CHANGE MODEL
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Can depictions like these help us create a policy 
framework that advances “open solutions?” Certainly 
it helps to note that different open efforts are sim-
ilar when viewed from a high level. And recogniz-
ing these similarities can help us understand these 
efforts aren’t necessarily separate or unique, but also 
part of a broad, long-term, multifaceted push from 
many corners of many societies to make information 
of all kinds more open. Understanding how similar 
these open efforts have been with regard to com-
mon challenges and approaches can help us merge 
open policies together in a way that wouldn’t be 
possible by focusing only on the specific practices 
of each open movement. Also, if we can identify the 
most salient areas of overlap, then from a policy per-
spective we might begin to address these different 
open efforts simultaneously instead of separately. 
Once we find these “hooks” we can begin building 
more substantial connections over time.

One might argue, however, that even though these 
open movements share common features, each can 

also be seen as a reaction to a specific set of circumstances, and a unified theory of open will only re-
flect a synthesis of the different interests at play as opposed to cross-cutting policy solutions that will 
effectively address these circumstances. This is an important aside. Many forms of open are, after all, 
uneasy alliances of interests with minimal points of agreement, whose specific interests won’t nec-
essarily be better served by joining into a collective push for openness rather than by continuing with 
their solitary pursuit of open solutions. 

This may be true, but as we will discuss later, these two approaches shouldn’t be mutually exclusive. 
We can and should “allow” the open access community to continue developing solutions specific to 
open access needs, and so on. Since broader alignment does exist, however, between open goals, 
movements, needs, solutions and more, we can use this alignment as a framework for mobilizing action 
on grand challenges, for working more closely together to advance the unified cause of “open solu-
tions,” and also for addressing common ground open solutions needs such as infrastructure, standards, 
and outreach. More will be discussed about this approach in the next section of this report.

STAKEHOLDER NEEDS & PERSPECTIVES

The needs and perspectives of researchers, publishers, funders, universities, libraries, and other 
groups active in the open solutions space are incredibly diverse. Fortunately, there is growing un-
derstanding of these needs and perspectives, and also a growing normalization of open. Part of 

this normalization is simply due to a maturation of the open effort—more is being done, more is being 
published,48 more best practices are emerging, and there is more evidence of the benefits of open.49 
In addition, the open environment is also supported by more open laws and policies, and there is more 
widespread use of open licensing instruments.

48. As Archambault 2018 notes, over half of all new academic journal articles are now carry some kind of open license.
49. Awareness of these benefits is an important topic that will be touched on later in this paper. 

...recognizing these similarities 
can help us understand that these 
efforts aren’t necessarily separate 
or unique, but are also part of a 
broad, long-term, multifaceted 
push from many corners of many 
societies to make information of all 
kinds more open. Understanding 
how similar the open efforts have 
been with regard to common chal-
lenges and approaches can help us 
merge open policies together in a 
way that wouldn’t be possible by 
focusing only on the specific prac-
tices of each open movement. 
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While these diverse needs and perspectives often align, in many cases they do not. Different stake-
holder groups can have starkly different points of view about what solutions are best or even needed; 
there is often a lack of awareness amongst researchers of open processes and benefits; there is often 
conflict between regional needs, and the specific needs of different fields; and even differences over 
how to define open. In this environment we see a constant, contentious debate over who gets to de-
cide the path forward; unfortunately, this debate often takes the form of whose view has the highest 
moral ground. 

These debates are illuminating for understanding the totality of the open debate, but from a policy per-
spective, they are also hugely complex, requiring a search for more information and broader perspec-
tives than are being presented. As the body of evidence in this space clearly demonstrates, all “sides” 
are wrong, and no one side has all the information it needs to make an informed judgement. And yet 
judgements have rained down on the open solutions space nonetheless, particularly in open access.

Therein lies the rub. This space has become so judgemental that many people and groups who need to 
be heard from simply don’t feel like talking any more. 

Researchers

The most important people in this entire conversation are researchers. This is also the most underrep-
resented group, although not for lack of trying. Researchers are busy and have their priorities. Getting 
involved in a 20-year-long debate about the future of open isn’t the highest priority for most.50 Also, 
researchers aren’t a homogeneous group. Just because we may hear a steady stream of open opin-
ions from a few scientists and science membership groups doesn’t make these voices—valued as they 
are—representative of all science, or even their fields.51 

This said, what we can conclude from the multitude of researcher opinions that have been voiced, and 
also from a large body of survey research in this field and from market outcomes, is that the needs and 
perspectives of researchers with regard to open solutions fall into six main categories: impact, confu-
sion, trust, access, effort and regional differences.

Impact

Researchers are increasingly less suspicious of open (owing to the increasing normalization of open, 
as mentioned) and think of open as a tool that can be used for personal benefit—to help their research 
get into more hands, get more citations, get more reuse, and to make more of an impact on science and 
society. These sentiments have been measured repeatedly over the years and in a number of different 
ways—asking about attitudes toward open access, publishing in general, open data, and so on. 

50. This fact is probably the most fundamental problem of all in the open solutions space, where researchers are not treated 
by policy makers as being active stakeholders, and even see themselves as being outside the policy making process. Where 
involved, they are involved via researcher organizations who send representatives who may or may not represent the views of 
the organization as a whole (the larger the membership body the less likely this is to be the case due to diversity of opinion), 
but certainly not the broader research community. Unless it comes in the forms of mandates, researchers in general tend to 
be unaware of what is going on in the open space, or the implications of open for their work. How does one bring ordinary 
researchers as stakeholders to the table? That is one of the biggest barriers to uptake at the moment.
51. It’s also important to note here that although researchers come from everywhere, the most highly cited researchers are 
concentrated in the US, EU and China, together accounting for over three-quarters of the total (with the US accounting for 
42%; see Clarivate 2020). More broadly, adding up the full top-10 list, about 85% of highly cited researchers are coming from 
just 10 countries. By institution, 15 of the top 20 most highly cited research institutions are in the US, two are in China, two 
are in the UK, and one is in Germany. Therefore, arguably, any open solution that doesn’t have buy-in from these most influen-
tial research countries, and particularly the US, won’t be able to change the global calculus with regard to open.
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According to one of the more recent studies on open attitudes among researchers (Wiley 2019a), for 
example, the top reasons why researchers chose to publish in an open format are to improve visibili-
ty and impact, improve public benefit, and improve transparency and reuse. However, these answers 
need to be considered in context, understanding that not all researchers chose to make their work 
open. In the context of publishing attitudes in general (see the 2019 Taylor & Francis survey), research-
ers primarily choose where to publish based on journal impact factor and reputation. Open access is 
a secondary concern, but it is still valued (see the chart footnotes below for more detail).52 There are 
other reasons why researchers want to share their research, but most often, personal benefit incentives 
are the most important. 

FIGURE 9: RESEARCHER ATTITUDES TOWARD OPEN 
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(n=2755). There are a number of omitted responses here 
related to cost.53

52. According to one of the more recent studies on open data attitudes (see Stuart 2018, the 2018 Springer Nature survey of 
researchers), around seven in 10 researchers see data sharing as being very important.
53, These responses have been omitted because with open access publishing, about 70% of published articles are paid via 
APCs (Parsons 2016), and in developing countries, these APCs are mostly paid by authors themselves (Scaria 2018). There-
fore, the most accurate cost reply is the last one—how authors feel about OA publishing paid via APC. By comparison, 53% 
think a journal being free to publish in is the most important factor, but there are very few choices like this—called “diamond” 
OA—where the publishing costs are covered by funders or foundations (measured by number of articles published). Similarly, 
39% of survey respondents said that open access publishing was the most important factor if there was no APC charge, but 
again, this kind of arrangement is a distinct minority of the number of articles published per year, and is an almost invisible 
slice of the more highly cited research work. See Hampson 2019, OSI’s critique of Plan S, which cites an extensive body of 
literature on this topic. Finally, a recent analysis of 319 journals that flipped from subscription to APC format (Khoo 2019) 
shows that authors or their funders are, in practice, more willing to pay high APCs than they admit in surveys (which is not a 
good thing since APC prices are increasing a 2.5-6 times the rate of inflation; also, studies like Scaria 2018 show that Global 
South authors are in fact excluded from participating in science with high APCs). 
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Surveys also show that most researchers value choice and flexibility, and most funders and publishers 
support these choices rather than mandating and restricting choice, by, for example prescribing exactly 
where data should be shared, or which journal should be published in. Evidence suggests that re-
searchers choose open practices when options that meet their needs are provided to them, from opting 
into open peer review to electing to publish their work as a preprint first, to making their data FAIR and 
choosing a licensing format that works best for their needs (see Wiley 2019a, Wiley 2019b, Tan 2020, 
Taylor & Francis 2019, Tenopir 2017 and other research). 

These are generalizations, of course—there is significant variation in these impact estimates. Different 
fields have different open needs, outcomes and conventions (see Archambault 2018; the difference 
between STM fields and arts and humanities fields can be particularly large); researchers at different 
career stages make different use of open publishing options (see Nicholas 2017, Tenopir 2017, and 
many author surveys);54 and different regions and institutions have different open conventions.55 

There are also  conflicting incentives at play here, adding tension to the decision about whether it’s 
more important to value research impact, or societal impact. From the Taylor & Francis survey (Tay-
lor & Francis 2019) we learn that the overwhelming majority of researchers surveyed think diversity, 
collaboration, interdisciplinary work, and support for early career researchers and researchers in lower 
income countries are all important for the future of research. Most (77 percent) also want more funders 
and institutions to support open access financially. But an even larger percentage (84 percent) want 
the freedom to submit their work to the journal of their choice regardless of funding model. In the end, 
at least for now, perceived research impact trumps societal impact. A successful policy model will need 
to align these two incentives. 

Confusion

The open landscape can be confusing. Because of this, researchers can be confused (and concerned) 
about what open means, how to do it, and what impact it will have on their research and careers. For 
example, the culture of communication in academia doesn’t normally recognize, reward, or incentiv-
ize data sharing when evaluating researchers for promotions and grants. So why bother? In addition, 
researchers may have concerns about how to organize their data in a useful way, which repository to 
use, how embargoes are handled, which license to apply (and widespread dislike of the CC-BY license 
format; see T&F 2019 among other surveys), the time and costs involved in sharing, data sensitivity 
issues (for instance, whether confidential data or data requiring special sharing agreements can be 
openly shared, archived or cited), whether their discoveries will be “scooped” or whether their data 
will be misused or misinterpreted, and even how data citations should be formatted (see Stuart 2018, 
NASEM 2020 and Cousijn 2018 for fuller discussions). Even the premise that unfettered access to data 
by the general public is an unvarnished good isn’t always agreed upon (Chen 2018 and Stuart 2018). 
In particle physics, for example, the “challenges of scale and data complexity mean that there are cer-
tain necessary reproducibility use cases that are better served by a tailored tool rather than an open 
data repository. Such tools need to preserve the expertise of a large collaboration that flows into each 
analysis…. Confidentiality might aid this process so that the experts can share and discuss in a pro-
tected space before successively opening up the content of scrutiny to ever larger audiences...” (Chen 

54. One explanation for this is that early career researchers understand the need to establish themselves and impress tenure 
committees by getting their work published in high impact journals, whereas established, tenured researchers are less con-
cerned with the need to impress. In general, open publishing options are seen as being less prestigious (and they general have 
lower impact factors) than closed, subscription publishing options (Hampson 2019).
55. Through the work of SciELO, South America—Brazil in particular—leads the world in the amount of research published in 
open formats. Other regions have varying degrees of uptake (see Science-Metrix 2018). Notably, China—which now leads the 
world in research publishing output—also trails the world in open. This is by design, not accident. China’s approach to open is 
different than in Europe and South America (Lee 2020).
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2018). The same is true in biomedical research, where concerns exist that making preliminary data 
open poses an unnecessary risk to public health, as well as a risk to research integrity and intellectual 
property rights (NASEM 2020).

So, in general, “confusion” over open covers a lot of ground, from impact to trust and effort (discussed 
below) and beyond; this confusion is a major roadblock to open adoption. Making open “simpler” would 
help; researchers are often at a loss about where to start (see T&F 2019). For example, from a re-
searcher perspective, if you have a PAR agreement and just need to click a button to request a voucher, 
this is less of a barrier to making things open and increases OA uptake. Or, if researchers can get data 
or code uploaded to GitHub or Zenodo or something similar with just a few clicks they are more likely 
to do so. Removing barriers (and educating researchers about how to use easy one-click open options) 
will play an important part in reducing confusion and getting researchers motivated and engaged.

Trust

Closely related to confusion is the issue of trust. This is highlighted by the Digital Science 2019 State 
of Open Survey, which revealed that “The biggest barrier to research data sharing and reuse seems to 
be a matter of trust, and in particular trust in what others may do with researchers’ data if it is made 
openly available. The…survey revealed that over 2,000 respondents had concerns about misuse of 
their research data.” As mentioned earlier in this report, these concerns shouldn’t be surprising. Some 
concerns (like usurpation and misuse) are as old as science itself, and were even animating reasons for 
why science formed the way it did. As also mentioned earlier, while openness was seen as a virtue in 
the earliest years of science in order to encourage civilized debate about experimental findings, at no 
time did openness mean making methods and data available to the public or even to other researchers 
(which early on resulted in the theft of ideas). Openness was a necessary framework for debating the 
merit of scientific ideas, and was never intended as a vehicle to put all science knowledge immediately 
and forever into the public domain. In parallel, competition for discovery is a driving force in science, 
perhaps even the single most important driving force.

Source: Digital Science 2019

FIGURE 10: RESEARCHER TRUST

OSI POLICY PERSPECTIVE 4: OPEN SOLUTIONS 34



In our quest to invent the future of knowledge, we must not simply as-
sume that our modern theories of how knowledge should be shared are 
superior to the actual knowledge sharing practices that have evolved 
over time and that have made scientific research such a revolution-
ary, successful and vitally important force for society over the last 400 
years. In order for open to succeed, the issue of trust needs to be thor-
oughly explored and concerns about trust need to be thoughtfully and 
honestly addressed. Solutions here will need to look for common ground. 
What do we need from open? Eventual access to clean data that will help 
researchers, or immediate access to all data that may undercut discovery 
and threaten privacy? We need to make sure that our primary goal, first 
and foremost, is to help research succeed, and build our policies on that 
foundation rather than from the foundation that solutions promising quick 
and total openness are necessarily the most effective and desirable.56

Access

There is a lack of research on whether researchers have access to all the information they need. An-
ecdotally there’s certainly an access gap for smaller research institutions and institutions from lower 
resourced regions.57 Also, considering access to all kinds of information everywhere, there are plenty 
of walls and barriers of all kinds (from lacking access to certain government datasets to being outside 
the access bubble for data that can only be used by researchers inside a given network; more will be 
discussed about this later).

In general, though, journal access is the most widely acknowledged type of access problem expe-
rienced by researchers, mostly owing for now to the high cost of subscription journals and the vast 
number of these journals that libraries need to purchase (which has been increasing rapidly in recent 
years).58 This cost of subscriptions has been an animating force behind the open access movement, but 
there are also other forms of access problems that stem from bad discoverability, transparency, sus-
tainability and more. For instance, only two-thirds of data files generated by researchers are published 
as supplementary files or deposited in repositories (Stuart 2018), and even for data that are submitted, 
long term access can be a problem due to issues like link rot (Good 2016), publisher insolvency,59 and 
lax data archiving policies (Laakso 2020).60 

Data also becomes obsolete (at rates that vary by field), researchers move on to other studies, and 
attempts to access data too long after the fact are effectively impossible because the data is either no 
longer relevant, has not been stored in a findable or retrievable manner, is not detailed enough to reuse, 
or the principal investigator is the only one with the “keys” because the study’s data management team 
long ago disbanded (NASEM 2020).

56. This isn’t to say that researchers alone should decide in advance what potential reuse exists for their work, but that our 
approach to open solutions should be led by better understanding the actual needs and concerns of researchers.
57. For the latter, publishers support Research4Life, which provide discounts to help close this gap.
58. We say “for now” because, as will be mentioned later in this report, we may be on the cusp of a new access problem 
where high APC costs will severely limit the ability of many researchers to publish. Access barriers to published materials are 
known as paywalls; access barriers to the ability to publish are known as playwalls.
59. For example, see Laakso 2020 for an analysis of how hundreds of open access publishers are at risk of disappearing (in 
addition to the 176 which have already disappeared between 2000 and 2019).
60. With regard to link rot, Good’s article links to various reports showing how an alarming amount of information on the web 
is no longer accessible through its original link, which has caused an information access crisis in the legal field. With regard to 
publisher issues, Lasskso reports that in addition to many open access publishers going out of business, around two-thirds of 
publishers listed in the Directory of Open Access Journals (DOAJ) do not have clear data archiving and preservation policies.

“The biggest barri-
er to research data 
sharing and reuse 
seems to be a matter 
of trust, and in par-
ticular trust in what 
others may do with 
researchers’ data if it 
is made openly avail-
able...”
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Effort

The effort required to participate in open hasn’t often percolated into survey results, but analysts who 
look at the researcher community from the outside have long noticed this factor. Wiley’s 2018 survey 
of researchers (Wiley 2018a) noted that “even those with a neutral or positive attitude towards open 
scholarship find that it’s a challenge to translate the FAIR principles into their own discipline’s commu-

nity standards and practices.... Recently, an enthusiastic 
proponent of open research remarked privately ‘Sharing 
just slows research down.’”

Part of this attitude is a reaction to open policies that 
simply don’t fit well. Some fields, for instance, generate 
data that are difficult or far too large to share.61 Time-
poor researchers in other fields might be overwhelmed by 
requirements to fully describe their data in order to max-
imize its utility to others, compounded by a lack of clear 
benefit for doing so, and the need to fill out diverse sub-
mission forms for repositories and journals (Jeffries 2018). 
In other fields, there are inconsistencies in data that make 
it hard to reuse (Faniel 2020).

At the same time, even those working in well-resourced 
institutions experience problems. Notes open data expert 
Fiona Murphy (Wiley 2018b), “I’ve worked with climate 
scientists whose departments are regularly hacked, and 
who receive a steady bombardment of ‘Freedom of In-

formation Act’ requests from climate skeptics which puts them in a real ethical quandary: they know 
that the data should be made available, for transparency and trust, but they are also keenly aware that 
these attempts to hack and requests for information are motivated by the desire to discredit their work 
and professional reputations. I often hear people say ‘This isn’t what I signed up for.’”

Regional differences

As noted in this section and throughout this report, there are many differences between researchers 
(involving field of study, career stage and more) that any comprehensive open solutions policy needs 
to account for. Regional differences are often given short shrift, however, because open conversa-
tions tend to be dominated by US and Western European opinions. It is critical, therefore, to recognize 
that not all regions of the world can approach open solutions the same way. For example, efforts like 
OA2020 (the global flip) and Plan S started out by putting a huge emphasis on favoring the APC path 
to open. In the developed world, this may be an acceptable strategy—around 70% of gold articles are 
paid for by APCs (Bjork 2018), and for US-based researchers, these fees are paid by research institu-
tions about half the time (Parsons 2016). In the developing world, however, these fees are mostly paid 
by authors themselves (Scaria 2018), and open publishing fees that work in the US and EU—often 

61. Poynder 2019 notes that “some of the costs of forcing openness on the research community are clear to see…. Consider-
ing open data specifically, it may turn out that the sheer quantity of data now being generated in the research process makes 
sharing data more expensive and difficult than any of the perceived benefits it provides. As Spinal Cord Injury researcher 
Vance Lemmon has put it, ‘Recently, with development of fluorescent light sheet microscopes that can image very large vol-
umes at high resolution, image stacks have become enormous, from 5 GB to 1 TB. This kind of data is very hard to share.’”Al-
so, it is important to provide the training and support for this kind of work. 

“[E]ven those with a neutral or 
positive attitude towards open 
scholarship find that it’s a 
challenge to translate the FAIR 
principles into their own dis-
cipline’s community standards 
and practices....”...Removing 
barriers (and educating re-
searchers about how to use 
easy one-click open options) 
will play an important part in 
getting researchers motivated 
and engaged.
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higher than $2,200 per article62—are utterly unreasonable in 
most of the developing world. 63

Solutions for open government, open educational resources, 
and open data can also have significant regional differences, 
varying by budgets, politics, internet connectivity and many 
other factors. Focusing here just on open data, in her 2018 in-
terview with Wiley (Wiley 2018b), Fiona Murphy noted the fol-
lowing: “There is such a wide range of experience [with regard 
to data], but something that really struck me when I visited 
Botswana last year, for International Data Week, was the reali-
zation that local and regional researchers were at even more of 
a disadvantage than I had thought. Often people have to collect 
and manage their data at their own expense and in their own 
time. This means that they greet the idea of then opening their 
data up, potentially for better resourced researchers who might have superior computing facilities to 
mine to analyze, with a justifiable sense of unfairness. This problem came up over and over again.”

Synthesis: Be honest and realistic

There is much more detail to go into but this exploration is unfortunately well beyond the scope of this 
paper.64 Suffice it to say that understanding the depth and breadth of author concerns and motiva-
tions is vitally important when piecing together open solutions that have different goals and origins. In 
order to find common ground between these solutions, and solutions that adequately address global 
concerns and also properly align incentives, we really need to understand what the totality of the open 
landscape looks like.

As mentioned earlier, we know that self-interest is a big mover—being the first to discover, making an 
impact, getting noticed, getting funding, and getting tenure. So too is the interest in complying with 
funder mandates, responding to publisher choices, and the influences exerted on researchers by their 
field, institution and region—norms and preferences, technical capabilities and the like. But there are 
other influences at work as well. Maybe most significant among these is that “open” simply means dif-
ferent things to different people. For instance, as noted in OSI’s open science policy recommendations 
to UNESCO (Hampson 2020b), at least three other major categories of variation exist with regard to 
the definitions, motives and goals that underlie research attitudes and actions on open solutions (see 
the table below for what this variation looks like just with regard to open science).

62. See Budzinski 2020 for a detailed analysis of APC’s from major publishers, which are typically much higher than $2,200, 
and also Siler 2018. Hampson 2019 also discusses this topic at length and provides additional references. The full range of 
APC prices varies widely—in the US$5,000 to US$10,000 range for the highest quality journals.
63. Co-author and researcher Lynn Kamerlin notes that one reason many researchers are skeptical of open is that it has 
typically been implemented through mandates that stipulate gold OA as the only way to be compliant (not as much in the 
US, more so in Europe, and long before Plan S) and this approach typically has to be paid by individual researchers out of 
their research grants. These grants have not increased to compensate for the extra cost of publishing, while at the same time, 
APC costs have been going up quite rapidly (Wellcome 2018) and researchers are feeling the crunch as a larger and larger 
percentage of their grants go to the cost of disseminating rather than doing research (co-author and library expert Mel DeSart 
notes that US agencies are actually now encouraging grant applicants to include a line item for OA publication in their appli-
cations, so OA publications costs are now a fairly routine line item in application budgets). Transformative agreements may 
help in this regard. While they are controversial among some in the OA community who see them as another version of big 
deals, researchers lucky enough to be covered by them are often grateful. Moving away from the APC, if possible, is going to 
play an important role in both increasing ease of OA uptake and also rehabilitating researcher relationships toward OA.
64. Infrastructure and big data are discussed later in this report. For additional reading on the multitude of other issues, please see 
OSI’s publications on Plan S, common ground and open science, all listed in the reference section (Hampson 2019, 2020, 2020b).

In order to find common 
ground between these 
solutions, and solutions 
that adequately address 
global concerns and also 
properly align incentives, 
we really need to under-
stand what the totality of 
the open landscape looks 
like.
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TABLE 4: CATEGORIES OF VARIATION REGARDING RESEARCHER PERCEPTIONS OF OPEN SCIENCE

Definition. Different groups define “open” differently. Because of this, OSI uses an “open spectrum” to visualize the wide 
variety of open outcomes in the marketplace. These outcomes vary along five dimensions: discoverability, accessibility, 
reusability, transparency and sustainability (DARTS). Many different combinations of these five dimensions are considered 
open, not just combinations that are “completely open” (see the DARTS figure in this report). Proponents of open can 
advocate improving read-only-access to data, read-and-reuse access to print materials, or making journal articles free 
to read or simpler “freer than now.” All support open science, but all refer to different kinds of open outcomes. Achieving 
these different outcomes involves different policy choices, so our words matter. 

Motives. There are a variety of motives for trying to make science information more open. This variation affects the kinds 
of solutions we prioritize, and the degree to which our solutions are optimally incentivized and aligned with our commu-
nity’s needs and goals. For some stakeholders in science, their primary motive for doing open science is centered around 
improving collaboration. For others, it involves increasing interdisciplinary work and discovery, or on improving reproduc-
ibility, transparency, accountability, access, or equity. Fecher & Friesike (2013) posited that “open science” consists of five 
broad motives, or “schools of thought” (as noted in this report).

Goals. Some actors in open science see open as a goal unto itself without identifying specifically what it will accomplish. 
Some see open as a pathway to achieving particular goals, including specific research and societal goals. And for some, 
open science is a catch-all phrase like STEM (discussed later in this section), used to describe a future that will cure 
many of science’s problems (e.g., reproducibility will increase, discovery will accelerate, society will gain more value from 
research, etc.; OSI subscribes to this latter philosophy, but we also support creating the foundation and policies needed to 
make this philosophy more than just words). Indeed, we see an a-la-carte uptake of open science drawing from four main 
categories of elements: organizing, evidence-based, prescriptive, and practice-based (as noted previously in this report).

 
Source: Hampson 2020b.

As if all this diversity wasn’t confusing enough, it’s also important to note that open science and 
high-integrity science are not necessarily synonymous. In our marketing hype for open we often claim 
that these two concepts are linked, but in truth, while they intersect, open science isn’t necessarily 
good science, nor is closed science necessarily bad (at least from an integrity perspective). The best 
practices for access, reproducibility and transparency espoused by open can, if properly applied, lead to 
better science, but simply thinking of open as an end goal (instead of a tool for producing better science) 
can also lead to journals and preprint servers that publish any-
thing at all without regard to merit. Science as an honor system 
conflicts with pressures to publish frequently, and to maximize 
visibility and impact. And open science is also wholly insufficient 
by itself to address other integrity needs in science like peer re-
view and proper research methods and analysis.65 So, while the 
goal of open writ large should be to improve science, the reality 
is there are many reasons why authors choose open, and many 
things that open alone cannot do. It’s important to be realistic in 
our assessments.

This isn’t to say that we shouldn’t hype open. We just need to be 
honest about what we know and don’t know (yet), and utterly 
scientific in our approach to learning more and developing the 
best solutions for researchers. Take the open access citation 
advantage (OACA) as another example. Exactly how big this 
advantage is (or if it exists everywhere) has not been definitively 

65. This isn’t a particularly revelatory sentiment that requires footnoting—a number of articles have been published to this 
effect. The recent VI BRISPE conference, for instance, focused entirely on this theme (see VI BRISPE 2020). This sentiment 
does, however, not get mentioned often enough in debates about open.

[O]pen science isn’t neces-
sarily good science, nor is 
closed science necessarily 
bad....The best practic-
es for access, reproduc-
ibility and transparency 
espoused by open can, if 
properly applied, lead to 
better science, but these 
practices can also be foiled 
by bad gatekeeping mech-
anisms...
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established yet.66 The hypothesis is that open journals will be easier to read and therefore cite, but the 
reality is that most highly cited articles still come from subscription journals (which corresponds with the 
fact that the overwhelming majority of the highest impact journals are still subscription based).67 These 
realities act as sort of a persistent anti-incentive in the system against a faster transition to open. Still, 
the “underlying” hypothesis here that visibility helps is certainly sound. One fly in this ointment, though, 
may be that visibility alone appears to be insufficient. Preprints, for example, may (in some cases) lead 
to a visibility bump in the final published versions of articles due to the enhanced attention these articles 
get in the media and on Twitter (Klar 2020). And recent evidence suggests there is also a citation bump 
for SciHub articles (maybe SciHub articles are easier to find and access?).68 But at the moment at least, 
based on the evidence we have so far, this citation bump doesn’t necessarily translate across all fields 
for all OA publication types.69 If the evidence were clear and convincing, researchers would be flocking to 
OA. The facts appear to be more nuanced.

The same is true for other depictions of open benefits of open data—skeptical policy audiences need 
more data and evidence. For instance, the Research Data Alliance’s “The Data Harvest: How shar-
ing research data can yield knowledge, jobs, and growth”70 describes how open will benefit citizens, 
entrepreneurs and scientists in different ways, but this publication doesn’t describe the tensions these 
audiences feel. While it is true that open data could indeed result in “more accountable, efficient and 
effective businesses and government[s]” that are “empowered, [and] have the information they need 
to make decisions in all spheres of life,” it is also true that open data has resulted in a marked lack of 
privacy, the emergence of identity theft and a culture that expects free information despite the fact that 
this freedom has costs (think of how newspapers everywhere are collapsing, for example). Similarly, 
while no one disputes that “open data is a source of inspiration for entrepreneurs and provides the raw 
material for new products and services,” or that for scientists, open data “will make their work easier 
and faster, as more data and tools are put within reach,” the reality is that “open” is just part of the puz-
zle. How to interpret data is a huge and largely unmet challenge to date because raw data doesn’t come 
with a guide book that shows how it should be interpreted, integrated and reused, and this downstream 
use is fraught with peril for misunderstanding, misuse, and misappropriation. So, it’s important to be opti-
mistic in our forecasts for open solutions but also realistic regarding the pros and cons of the path ahead.

The potential cost of not sharing is also sometimes noted as a reason to support open—products that 
don’t appear, jobs that aren’t created, medicines that don’t save lives, efficiencies in research that don’t 
happen and slower progress in understanding disease, and in addressing environmental and energy 
challenges. Here again, these are hypotheticals we need to approach with enthusiasm but also honesty 
and humility. It isn’t that we should believe less in the potential of open solutions, just that we need to 
keep grounded so we don’t end up pinning all our hopes on these solutions or pushing solutions that 
may create unintended consequences instead of benefits.

66. See Lewis 2018 for a good discussion of the shortcomings of OACA studies to date. This information corpus is changing 
rapidly though. 
67. See Scimago’s journal impact rankings at https://www.scimagojr.com/journalrank.php. Subscription journals tend to have 
a higher impact factor than open journals for two primary (and related) reasons: because the majority of the subscription jour-
nals have been around for decades and because the publishers that publish them have been around for decades, or even over 
a century at this point, especially where learned societies are concerned. As a result of that longevity, both the journals and 
the publishers have had all that time to build a strong reputation, where the vast majority of open journals are less than 20 
years old. Admittedly, there is still a subset of the research community that simply doesn’t trust that these new-fangled open 
journals are as high a quality as traditional journals, even when the empirical evidence may show otherwise. (Hampson 2020)
68. A recent study of SciHub citations—https://arxiv.org/abs/2006.14979 —noted a measurable citation increase for SciHub 
downloads over paywalled versions of articles. While intriguing, it’s not clear whether this is an outburst of pent-up citation 
demand (for long-closed articles) or a true advantage. There is also pushback in the research and publishing communities 
about “whether sharing links to Sci-Hub could in itself be considered illegal”—see https://bit.ly/3mp3PxV.
69. Holmberg 2020 concludes that there is an open access advantage in some fields, and a disadvantage in others.
70. See RDA 2014. This is a critical passage and doesn’t reflect what good and important work RDA is doing in the open 
solutions space. RDA’s work is highlighted later in this report in a more complementary light.
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The COVID era provides a good example of this dynamic. The 
need to share global health data has long been appreciated, 
and mechanisms for sharing this data effectively have evolved 
over time, in part through the efforts of the World Health Or-
ganization but also many other government and nonprofit 
actors. With the emergence of COVID-19 early in 2020, open 
science activists were quick to note how the large increase in 
preprint submissions was heralding a new and long overdue era 
of information sharing in science. Publishers also opened their 
archives to provide free access to researchers looking for infor-
mation to inform their search for a COVID vaccine. While this is 
a good story and a good example of working together in a crisis, 
we also need to understand the details in context. For instance, 
preprint submissions only account for a small fraction (around 
3%) of total research, and because of the lack of gatekeeping 
mechanisms for most preprint servers, science has experienced 
an “infodemic” of research.71

This infodemic has had pluses and minuses—a rapid sharing of COVID data, but also a rapid sharing 
and publicizing of bad research, as well as misdirected research funds (as of June 2020, for exam-
ple, the majority of COVID research was dealing with the discredited hydroxychloroquine cure being 
promoted by Donald Trump).72 In addition, new research papers aren’t sharing granular data that has 
commercialization potential—proprietary information about vaccine formulas, for example, is not being 
shared. Many open advocates have also pointed to this burst in sharing as evidence of the way things 
should be in science, but here again, the reality is that our current peer review systems were not designed 
for this pace of work, publishers cannot maintain this pace of rapid publishing without imposing addi-
tional costs, the integrity of science is being jeopardized, and so on. So when it comes to promoting the 
benefits of openness to researchers, we need to see the good and the potential here, but also be honest 
about the downsides and risks and discuss all of this in a way that is more evidence driven than now.73

Finally, we should remember that globally the majority of research is funded by corporations, not 
governments.74 While we can and should debate the imperative of opening data whose discovery is 
funded by the public purse, privately funded research faces no such questions.75 In business, research 

71. “We’re not just fighting an epidemic; we’re fighting an infodemic,” said Tedros Adhanom Ghebreyesus, Director-General of 
the World Health Organization (WHO) at a gathering of foreign policy and security experts in Munich, Germany, in mid-Feb-
ruary 2020, referring to fake news that “spreads faster and more easily than this virus.” See https://bit.ly/3ftaHHP. 
72. One of the big risks is that on this topic the preprint space has exploded (relatively speaking, anyway; preprints still 
only account for a small fraction of total published research) with highly politicized research that can support pretty much 
any ideological stance conceivable on this issue. For experts, most of this literature is dismissable due to its frequent severe 
technical and other flaws, but unfortunately this non-gatekeepered research is also being picked up by the media, hyped, and 
in extreme cases being used to influence policy decisions. There has been tremendous benefit to quickly sharing information 
during this pandemic, but also critical weaknesses in the system are being exposed.
73. See Cai 2020 for a fuller exploration of publishing dynamics during the COVID crisis this year. Of particular interest here 
is that formally published articles have far outpaced preprints, even though preprints have received more than their fair share 
of media buzz. Of the 87,500 articles published so far in 2020 on COVID, two-thirds (58,000) were not preprints. Also of 
interest is the international profile of this work: 92% of the researchers affiliated with formally published work have come 
from Europe (41% including the UK), the US (33%) or China (18%). So at least in this particular case, open as a gateway to 
massive international collaboration has been the dream, but the reality is that countries spending the most on research publish 
the most research papers (and this being the case, it’s a bit surprising that China’s numbers haven’t been higher since they 
outspend the US; is this because more of China’s researchers have published their COVID-19 work in preprint format?).
74. In the OECD area, this figure is around 60 percent (see OECD 2015). In the US, it’s around 75 percent (NSF 2020).
75. This dichotomy is broad and doesn’t adequately consider the vast amount of research that is done in partnership between 
research institutions and industry, and the very important role of the research institution in framing expectations for the work 
conducted under their auspices. The point here is to be wary of the research classes we may be creating.

[T]he majority of research 
is funded by corporations, 
not governments....If we 
end up creating a play-
ing field between public-
ly- and privately-financed 
research that is too uneven 
with regard to sharing 
requirements, we may in-
advertently create an envi-
ronment where university 
researchers are second 
class citizens...
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can be shielded from public view until funders have squeezed every 
last ounce of value from it (and even then they are under no obliga-
tion to share; knowledge is a commodity, and there’s no motivation to 
share it unless it’s to gain from it somehow—sell, attract new cus-
tomers, etc.).76

So, we need to be careful what we wish for, lest we inadvertently 
create an environment where the intellectual property expectations 
for universities are completely inferior to those enjoyed by industry. 
In such a case, open policies could end up being at odds with legis-
lation everywhere that has long focused on trying to maximize the 
return on government investment in university research (in the US, 
through the Bayh-Dole Act). Confusing this focus will set off policy 
fights everywhere, and might also conceivably incentivize researchers to sit on their data even longer 
than now to make sure they’re completely finished using it before sharing; seek exceptions to publishing 
mandates (which already happens in significant numbers; see Research England 2018 for a recent exam-
ple); or turn down research funding that comes with the wrong kinds of publishing strings attached.77

All of these considerations and more are woven into the fabric of researcher concerns with regard to 
open. In order to build greater participation and trust from the research community, it is imperative that 
we understand and appreciate the full spectrum of this community’s needs, ideas and concerns, and 
deal scientifically and responsibly with assuring that our efforts to build and promote new open solu-
tions and policies are aligned with the best interest of researchers and include ample input from this 
vital community.

Publishers

Publishers were instrumental to the very founding of science and remain an important part of science 
today. Without a way to record and share discovery, the scientific revolution would not have taken root in 
the mid-1600s. Today, as Keith Yamomoto said in his closing remarks to OSI2017 conference delegates 
(see OSI 2017a), “If you don’t publish your experiment, it is exactly like not doing it.” But what is publish-
ing? Two blue-ribbon panels at OSI’s 2016 conference dug into this question, thinking through how we 
define publishing today, where it’s heading, and what it might look like in the future. A summary from one 
of these panels is contained in the box on the next page.

The short explanation is that there are many different kinds of publishers and publishing services in the 
research ecosystem. These publishers and services have a lot in common, but there are also important 
differences—for-profit, nonprofit, large, small, university based, scholarly society based, discipline specif-
ic, broad, subscription, open, and so on. Each of these different entities focuses on the same general end 
goals, but often in service to different audiences, and with different priorities, interests and capabilities.

Perhaps the most important distinction between these different publishing entities is that approximate-
ly half of the 3 million journal articles published every year—as well half of all scholarly journals, articles 
and citations (Lariviére 2015) and the majority of all open research articles (Piwowar 2018, Rodrigues 

76. Granted, corporations then own the rights as opposed to researchers—“work for hire” laws apply in this case where they 
do not in the case of university researchers working with grant funds.
77. Of course, turning down funding is only an option in large wealthy countries where there may be multiple sources of fund-
ing available. In many countries there is typically only one major funder, so these researchers will not have much choice if they 
want to get funded. For a broader discussion of intellectual property licensing trends at universities, see Caviggioli 2020, and 
also http://wapo.st/357R8AE, and http://bit.ly/38flMu1. 

[E]very stakeholder 
plays an important role 
in the open knowledge 
ecosystem and that 
there can be no real 
and sustainable im-
provements to this sys-
tem without everyone’s 
involvement.

OSI POLICY PERSPECTIVE 4: OPEN SOLUTIONS 41



Henry Oldenburg, who founded Philosophical Transactions in 1665, defined the four functions of scientific publishing as 
registration, certification, dissemination, and archiving. Registration (establishing who first made a discovery) and certifi-
cation (review of the findings by one’s peers) remain fundamental functions of scholarly publishing today. In fast-moving 
areas of science, in which competition for grants is fierce, days matter, and the pressure on publishers to publish quickly, 
to establish a researcher’s precedence, is intense. In certification, we are seeing many experiments in post-publication 
review and commentary, but pre-publication peer review remains the norm in the vast majority of disciplines. Dissemina-
tion remains a critical function. In a digital environment, discovery requires high-quality, reliable metadata and new tools 
and services such as CrossRef, Open Funder Registry, XML-coding, semantic indexing, and indexing by search services. 
Archiving is a cooperative undertaking, between publishers, libraries, and third-party services. 

Oldenburg might not recognize many of the digital elements of today’s scholarly publishing, and would likely be as-
tonished at the scale, but he would probably still recognize the two principal forms of output of scholarly research, the 
journal article and the monograph. In each case, publication is essentially defined by a single final output, which is largely 
still text-based and consumed in printed, or PDF, form. Also, even though open access has changed how we think of 
publishing today it has not changed the two core functions of registration and certification. Traditional and open access 
publishers alike develop and curate journals and monographs for specific scholarly communities, manage peer review, 
produce and index articles/monographs and their metadata, and distribute them digitally. While open access has seen the 
launch of a small number of so-called ‘mega-journals,’ many researchers choose to publish in specialist journals which 
directly address their communities, and driven by systems of academic recognition and reward, prefer to publish with the 
strongest brand that will accept their submission.

While journal publishing is now largely a digital, and digital first, enterprise, even if the final output would be recognized 
by Oldenburg, monograph publishing is still to a large extent a ‘print first, digital second’ undertaking, with only a few 
publishers experimenting with open access models. All too often the digital book is little more than a PDF of the print 
edition, with the occasional ancillary supplement of data and multimedia. We are beginning to see some publishers, 
especially in the sciences, producing digital monographs which take advantage of the potential of the format—full html, 
embedded multimedia, interactive charting, and so on—and some university presses are experimenting with open access 
and digital monographs, but these experiments should be conducted far more widely, and across more areas in the arts, 
humanities and social sciences.

Publishing in the future

Scholarly research is an increasingly diverse, complex, and interdisciplinary endeavor, with growing importance assigned 
to incremental stages of evidence and argument. We therefore envision a future publishing paradigm that is networked, 
open, and significantly more dynamic than the traditional model. Emerging signs point to a shift from the current 
“event-driven” model that focuses primarily on the publication of a print (or PDF) article or monograph to an ongoing 
process-driven, digital model that reflects more of the research lifecycle through a scholarly record that is comprised of 
much more than text. The boundaries of what constitutes a book or article are becoming blurred, and we are increas-
ingly recognizing the value of other content. Over time, we anticipate that publishing will regularly encompass a richer 
and more interconnected range of scholarly content, including data, lab and field notes, software, preprints, social media 
posts, video—performative and experiential—and multimedia, with possibilities for interactivity among the various ele-
ments. We will likely see additional forms of content and new methodologies introduced through the use of virtual reality, 
gamification, and other innovative technologies— all of which are intended to help construct and enhance meaning and 
have the potential to make scholarship more relevant to society. By sharing, collectively assessing, and interconnecting 
this diversity of scholarly output, the research community will recognize these results as valued, first-class objects of 
research. The ability to continually access, assess, and interact with these many assets will be key markers of successful 
research as well as successful publishing.

As more of the research lifecycle is shared, we anticipate that researchers will experiment widely with formal and infor-
mal channels of disseminating their scholarly results. Through this experimentation, researchers and others will learn 
what is most valued and needed from the established publishing process versus what is best suited for alternative meth-
ods. In contrast to today’s practices, tomorrow’s myriad scholarly artifacts are likely to be released incrementally through 

TABLE 5: WHAT IS PUBLISHING?

Source: The above text is, with a few minor changes, a verbatim copy of the report from the second OSI2016 workgroup 
which explored the question of what is publishing (see OSI 2016a). Two such reports were written, both worthy of sharing. 
To read the second report or other reports like this, see the OSI website at osiglobal.org. 
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diverse global systems. They may represent smaller (or larger) unbundled components, distributed at a much more timely 
pace with varying degrees of openness. Linkages among the discrete parts would be established in standardized ways to 
retain, expose, and build on the inherent intellectual relationships. Assessment and certification of all elements would be 
considered essential, and would go well beyond today’s more limited approach to peer-review. Disciplinary experts and 
data curators, for example, would be collaboratively assess data in order to ensure methods are appropriate, uncertainties 
are well described, documentation is complete, and standards are followed. Software assessment would include expert 
reviews as well as test-driven methods such as continuous integration. There would be mechanisms for ongoing com-
munity assessment of all published artifacts, and the major assessment criteria (beyond those of originality and research 
merit) would be reproducibility and reusability. The published “book” or “article” would not be a final event, but part of an 
ongoing scholarly conversation.

This model assumes a general trend toward openness, with restrictions based on ethical norms rather than proprietary 
considerations, as they are currently defined. Given the differences in disciplines, we would expect that the timing of 
openness might vary widely among different communities. At present, humanists are much less inclined to share their 
in-progress work, whereas many scientists are accustomed to working in teams and distributing repetitive drafts for 
quick review and feedback. In addition, there may be variations in the degree of openness with which scholarship is 
released. For example, a virtual lab notebook may initially be shared only among a small team of researchers and curators 
and later released to others in the research community. Even then, the entire notebook might not be fully open, but in-
stead, be released selectively, on as-needed basis, to provide evidence or provenance for another publication. The timing 
of release may also be dictated by intellectual property concerns, such as patent application filing.

This dynamic and diverse publishing ecosystem will involve changing roles for today’s key partners in the world of pub-
lishing, including researchers, publishers, universities, and funders. In addition, new partners will be required if we are to 
successfully deliver, disseminate, and preserve future research. Data curators, data scientists, software developers, and 
designers would work with researchers, librarians, editors, and publishers to develop a network of interconnected schol-
arly work supported by a variety of institutions including: data repositories, research labs, libraries, publishers, network 
providers, standards organizations, software providers, and professional societies from public, private, as well as nonprof-
it sectors. These new, shared roles and the resulting scholarly output will require different types of reward and recogni-
tion that go well beyond the traditional measures of scholarly impact.

Finally, it is important to note that the future of publishing is likely to be a mix of today’s formal and informal methods of 
scholarly dissemination. Questions remain whether these two approaches will continue to develop in parallel; become 
combined, complementary systems that incorporate the best of both models; or evolve into entirely new alternatives. Re-
gardless, it seems clear that the open, global network will increasingly be the primary means and method of distributing 
scholarly communication. The network will also serve as the dominant forum in which scholars interact with their peers, 
and will increasingly become the preeminent platform for building audiences (and collaborators) that extend scholarship 
beyond academia.

How to get there

Conversations about where publishing is today, and what it might become in the future, inevitably turn to the purpose of 
scholarly works. At present, these outputs form a large part of how scholars and institutions are evaluated. That means 
any significant change will require thought and action on the part of those who conduct this evaluation—funding agen-
cies, tenure committees, scholarly societies, accrediting bodies, and others. While no one solution or player will effect sys-
temic change, each can contribute with its own experiments. Instead of rewarding only the peer-reviewed and published 
paper, evaluators may assign value to post-publication contributions by others, data sharing, collaboration, and other 
important steps in the scientific process. In short, we want evaluation metrics that reflect how we want science to work.

Funders of scholarly activity, particularly scientific research, are eager to support innovative work that pushes the bound-
aries of basic knowledge and maximizes translational possibilities. In the past decade, initiatives such as NIH’s Pioneer 
Awards, the HHMI Investigator Program, Wellcome Investigator Awards, and the joint HHMI/Gates/Simons Faculty 
Scholar Program have encouraged the unfettered imagination of early career investigators, the spark of cross-disciplinary 
collaboration, or the risk-taking of established scientists willing to abandon the familiar for untried approaches. During 
the same period, compelled to evaluate the impact of the supported work on scholars and the general public, funders 
discovered systems of publication out of step with their goals, characterized by restricted access to output, restrictions 
on redistribution, peer review ill-disposed to novelty, and community journals closed to cross-disciplinary work. And they 
found few means of measuring the consequences of their funding decisions. Their responses, from open access man-
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dates and the funding of new breeds of journals, to the instigation of new metrics, are at the heart of the present turmoil 
in scholarly communication and their voices will surely continue to be heard.

Collecting, evaluating, and disseminating a wide range of research artifacts will affect scholars, librarians, and publishers 
in a variety of ways. Scholars will have to adapt to changing expectations from funders regarding distribution of schol-
arship resulting from the funding. If universities change promotion and tenure evaluation requirements, scholars at those 
universities will shift their publishing and dissemination practices accordingly. It is logical that all stakeholders will focus 
their efforts on what is rewarded. As publishing becomes a more continual process, as described above, scholars will 
be expected to follow standards and provide complete documentation, including ensuring that uncertainties are well 
described for data sets and other works that are not currently a routine part of published research results. Documenting 
and communicating the related outputs of the research process will also fall to scholars, just as we have citation norms in 
the current system.

Librarians have already expanded their role from assisting scholars with the research process, to assisting scholars with 
research outputs. For example, librarians help scholars comply with funder requirements, such as the NIH Public Access 
Policy, and this role will expand with new funder requirements. Librarians also continue to play a role in assisting schol-
ars organize, apply metadata, and preserve their research outputs, such as data sets. The collection of these materials 
will need to be standardized. The growth of digital humanities centers in libraries has brought new tools to bear on the 
research process, with librarians serving as guides to scholars on applying the most appropriate technology to their 
research question. On a broad scale, services like the Research Center of HathiTrust, which provides text and data mining 
across the corpus of works in the HathiTrust digital archive, will continue to leverage library collections and librarian 
expertise to provide new research opportunities for scholars. These new roles will require new skills and new ways of 
collaborating with scholars and third parties at other universities or in the private sector.

Publishers also assist authors with meeting funder requirements, such as depositing manuscripts in PubMed Central. 
Publishers continue to play a vital role in promoting standards and best practices that facilitate the ecosystem of avail-
able research results. In addition, publishers will need to establish new products and services, partner with new service 
providers, and invest in talent and training as the industry shifts away from the manuscript-centered, broadcast approach 
and toward an approach that reflects the way users both consume and interact with Web con- tent and engage with oth-
er users. All of this will require visionary proactivity, continuous user monitoring and analysis, and swift reactions when 
the unexpected inevitably emerges.

The new, dynamic publishing ecosystem we envision will require new types of business models and expanded part-
nerships and collaborations to succeed and be sustainable. It is important to note that this new ecosystem relies on a 
complex infrastructure of many different organizations, technologies, and professionals. When infrastructure works well it 
is transparent and often taken for granted. As such, it is often difficult to garnish the attention and funding necessary for 
ongoing support. As we see with the evolution of traditional infrastructures like the power grid, many different funding 
models will need to work together across multiple scales in a decentralized network. Governments will continue to play a 
foundational role in establishing appropriate regulatory frameworks and support of public goods, but private funders, uni-
versities, commercial and nonprofit labs, technology companies, scholarly societies, libraries, and publishers will also play 
critical roles. Governments and institutions need to take a lead in establishing new public-private partnerships, private 
finance initiatives, and local-level partnerships that coordinate and sustain necessary publishing services. Again, specific 
approaches are likely to vary across disciplines.

Ensuring that the needs of the researcher remain at the heart of these multi-stakeholder partnerships will be fundamental 
to the success of this future vision of publishing. Researchers are increasingly confronting time and resource challenges 
that distract from the core mission of discovery and scientific advancement. In response, governments, institutions, and 
the private sector must work jointly to establish a friction-free environment for researchers to share scholarship. This 
includes both infrastructure and policy elements. Infrastructure solutions require a seamless user experience based on 
platforms and tools that are interoperable and in constant communication. Policy solutions require coordinated efforts 
that will drive and incentivize behavioral change, including short-term efforts to recognize and measure individual contri-
butions in the research process and the longer-term systemic changes to academic evaluation mentioned previously. The 
future of publishing is enabling researchers to accelerate pre- and post-publication discovery and increasing the discover-
ability and impact of their scholarly work.

Our team identified several recommendations to inform future OSI efforts. The three primary recommendations focus on 
aspects of open scholarship and open access publishing that require more data, evidence, and discussion. 
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2020)—come from just a handful of commercial publishers. Con-
sequently, most of the concerns from policy makers and advocates 
about the future of open research have been directed at these 
companies (primarily Elsevier, but also Springer/Nature, Taylor & 
Francis, Wiley and Sage). Concerns expressed as criticism have 
been fueled in large part by the narrative that the profit margins of 
these publishers are too large.78 This depiction is omnipresent in 
the open access space—open access marketing literature and open 
access scholarship are both filled with this profiteering charge. For 
whatever reason, these publishers haven’t pushed back publicly.79 
After decades of pressure from open access lobbying groups (and 
now, as mentioned later in this report, major funders as well) the 
relationships between several key stakeholder groups in aca-
demia have been strained. It is very common to hear from activ-
ists and government policy makers alike that profit-seeking has 
no place in the scholarly communication ecosystem and should 
be removed from it—that any acceptable solution to the future of 
open needs to be built around a different set of incentives.

The frustrations are completely understandable, of course. Globally, costs have long been a major barrier 
to access, and the budgets of even the richest universities have been strained by the costs subscribing to 
a growing number of journals. Today, as the world pivots from paying subscription costs to paying APCs, 
this strain is going to continue to be felt (if not by universities then by funders who will be called upon to 
pay these charges).

Still, the reaction of universities and funders to the cost of publishing is somewhat untethered from the 
reality that these institutions also pay for a myriad other services related to research; from the fact that 
the volume of research being conducted and published has expanded dramatically over the last 20-40 
years (see again sources like Piwowar 2018); and from the fact, demonstrated repeatedly by author sur-
veys over time, that researchers want and depend on a high-functioning publishing apparatus. For every 
critic who claims the scholarly publishing is broken, there are many supporters in research who think the 
scholarly publishing system is serving their needs just fine. The argument over library budgets and re-
search funding allowances has spilled over into a critique on how information is created and the import-
ant role—active and historic—that publishers have had and continue to have in vetting, editing, catalog-
ing and sharing new knowledge. To the extent this debate can help us improve the publishing process, 
then it can be productive, but too often the debate more closely resembles an attempt to unilaterally 
reform publishing without regard for how this will impact everything else in the research ecosystem.

As untenable as the cost barriers are, OSI has taken the position that every stakeholder plays an im-
portant role in the open knowledge ecosystem and that there can be no real and sustainable improve-
ments to this system without everyone’s involvement. This position is based partly in reality—the major 

78. The library serials crisis of 2015-16 was a major flashpoint in this debate, fueled by rising journal costs and declining 
library budgets.
79. Privately, Elsevier officials explain that their balance sheet is not being read accurately—that their actual net profit is closer 
to eight percent. Elsevier is part of RELX, and therefore its balance sheet can’t be accurately evaluated without knowing 
exactly how much revenue and expense is “hidden.” They also note that costs are being driven by far more research being 
conducted and published today than in years past, but that the cost per unit published is lower today; that researchers like the 
current publishing system and don’t want to throw it away in favor of something new; and that publishers are being singled 
out for criticism in an ecosystem where high cost is an issue on many fronts (from room and board charges to campus over-
head costs; see College Board 2019). The fact that some major publishers are now charging extra for an open access license 
on top of the APC fees (ACS does this, for example)—a practice that isn’t all that surprising given that these publishers are 
making a calculation of “lost” future income from downloads—only adds to this air of distrust toward publishers.

[T]he correct approach 
to an open solutions 
future is to focus less on 
excluding certain par-
ties from participating 
or on legislating specific 
ways of doing business, 
and more on figuring out 
what we want to achieve 
with open and building 
the capabilities of open 
solutions.
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commercial publishers are providing a valuable service to research and are responsible for publishing 
the majority of research articles—and partly in the realization that open is going to cost something. The 
question is how much. To date, the answer is “at least as much as the current system.” Policy recom-
mendations that suggest we will somehow be able to develop a world of research communication 
where there are no costs, and/or where credible and usable information flows directly from research-
ers to the public are unrealistic. The approach that profits of any kind are a deal breaker simply lacks 
business sense. Whatever entities we create to manage information flows in research will need to have 
budgets and personnel, and will need to be responsive to the needs of customers and strive to make 
continual improvement.

History has demonstrated time and again that markets are the most effective way to achieve these 
outcomes—not government control but systems that serve the public good while also retaining attrac-
tive investment incentives. We can’t and shouldn’t try to legislate profit from the open solutions eco-
system—nor can we legislate away competition and metrics—but we can work to create systems that 
better serve our needs and provide a better return on our investments.

There is a concern at the moment that major publishers will consolidate their position and end up 
controlling too much of the future market of scholarly communication (“vendor lock-in”), to which the 
answer is to encourage more competition in the marketplace (e.g., encourage more profit-making, not 
demand that philanthropy-funded non-profit solutions are the only welcome market entrants). If the 
demand for open products and services increases substantially then providers of all kinds will compete to 
serve this demand and create products that serve the open environment well. If providers don’t see this 
demand but instead only respond to individual funder mandates for open, or settle one-off disputes with 
library systems with PAR agreements,80 then publishers will not being engaged to their full potential and 
the open solutions we develop will be just good enough to satisfy our bare minimum requirements.

Given this, the correct approach to an open solutions future is to focus less on excluding certain parties 
from participating or on legislating specific ways of doing business, and more on figuring out what we 
want to achieve with open and building the capabilities of open solutions. By making open solutions 
a welcoming, vibrant and effective environment, with tools that can exploit the potential of open and 
be used to tackle big and pressing issues, we then make open a clear choice, and researchers (and 
societies) will expand their participation in open because it’s in their best interest to do so. The pub-
lishing community can help lead the charge toward this future by developing products and services 
that simply cannot be invented from thin air by open activists, and sustained in a way that ensures these 
solutions will be effective over the long term. 

This public-private tension exists to a much lesser degree in open data—there is plenty of debate 
about who should control what and about what kind of data should be publicly available—but no 
similar debate about whether publishers should have a role in data management. In open source, open 
government and OER, there are also no comparable public-private tensions. The open source commu-
nity, for example, regularly debates issues of vertical applications—how software will be used in sec-
tors like health care and higher education (as opposed to horizontal applications, which have to do with 
operating systems, web servers and the like). But as mentioned in the open source section, this field of 
open has a very robust private-public relationship.

In the areas of open access and open data, we are learning from publisher experience that open prac-
tices are adopted most rapidly when policy and implementation plans align (White 2020). There is also 
strong evidence that well-implemented data sharing policies enable and drive change in data sharing 

80. These types of agreements (PAR or RAP) generally stipulate that for a set price, universities will not only get access to a 
publisher’s journals, but that university researchers will be able to publish in these journals without charge. 
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behavior and that this data sharing may also increase citation impact (Graf 2019, Colavizza 2020; see 
Figure 11 for details). 

Industry wide, all major publishers signed an initiative to make 2020 the “STM Research Data Year” 
(see STM 2020 for details), drawing on evidence-led, community driven outputs from the Research 
Data Alliance, Center for Open Science, FORCE11 and other groups to work with publishers and other 
partners to boost effective sharing of research data by:

•	 Sharing: Increasing the number of journals with data policies and articles with data availability 
statements;

•	 Linking: Increasing the number of journals that deposit data links to SCHOLIX; and

FIGURE 11: IMPACT OF JOURNAL DATA SHARING POLICIES ON DATA SHARING

Source: Colavizza 2020

All the histograms above show the number of publications from specific subsets of the dataset and classify them into four 
categories: No DAS (0), Category 1 (data available on request), Category 2 (data contained within the article and supplementary 
materials), and Category 3 (a link to archived data in a public repository). The vertical solid line shows the date that the pub-
lisher introduced a mandated DAS policy. A dashed line indicates the date an encouraged policy was introduced. The groups of 
articles are as follows. A: all BMC articles, B: all PLOS articles, C: all BMC Series articles, D: PLOS One articles, E: PLOS articles 
not published in PLOS One, F: articles from the BMC Genomics journal (selected to illustrate a journal that had high uptake of 
an encouraged policy), G: articles from the Trials journal (published by BMC, selected to illustrate a journal that has a very high 
percentage of data that can only be made available by request to the authors), H: articles from the Parasites and Vectors journal 
(selected to illustrate a journal that has an even distribution of the three DAS categories). Articles are binned by publication year.
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•	 Citing: Increasing citations to datasets in accordance with the Joint Declaration of Data Cita-
tion Principles.

To help improve outcomes in the publishing space, publishers are working together through initiatives 
like this (and also position statements like in STM 201681) and through efforts like FAIRsharing.org’s 
“Data Repository Selection: Criteria That Matter” project, which was inspired by a discussion between 
the Force11 Data Citation Implementation Pilot (DCIP) group and the joint Force11 and Research Data 
Alliance (RDA) FAIRsharing Working Group on the need to develop a shared list of recommended data 
deposition repositories.82

Publishers have also actively responded to the research community’s demand for data citation prin-
ciples, and a number of publishers have endorsed the Joint Declaration of Data Citation Principles to 
ensure researchers get proper credit for their work.83 In the policy framework for all journal publishers, 
developed by an RDA Interest Group with contributions from publishers and other stakeholders, pub-
lishers are also working to improve:84

•	 Citizen science: Publishers are developing new ways of engaging both researchers and the 
wider community in science. Some examples include the publication of lay summaries of ar-
ticles analyzing important research (e.g., through programs such as PatientInform), and the 
opening up of scholarly communication to wider public audiences (e.g., through the Public 
Library Initiative in the UK);

•	 Infrastructure: One focal point is to expand the use of Digital Object Identifiers (DOIs) and oth-
er persistent identifiers for all research outputs and objects (like process identifiers—PIDs); and

•	 Research integrity: The outcomes needed for open science include not only improving visi-
bility and impact through open measures, but integrity as well.85

In terms of existing open policies, the open data policies of major publishers can be grouped into six 
main tiers (Hrynaszkiewicz 2020), highlighting the wide range of approaches currently being employed 
with regard to key data considerations. This variation has probably contributed to confusion and un-
certainty about open data, but taken as a whole, there is wide variability in this space and the general 
trend is toward more robust and more effective open data policies from publishers.

Going forward, specific actions that publishers can implement in the open solutions ecosystem are 
explored in a 2020 NIH presentation by Varsha Khodiary, titled “What Role Can Publishers Play in the 
Open Data Ecosystem” (Khodiary 2020). Some of the ideas mentioned in this presentation include 
inventing new ways to identify data objects, and building single entry-point solutions and systems that 
can help ensure there’s one name for institutions, authors, book titles, and so on. It is worth noting here 
that broad solutions like the All-Scholarship Repository solution (ASR), mentioned in places through-
out this report (but not yet considered a serious policy idea), address concerns like these by creating a 
single repository for all data.

81. https://www.stm-assoc.org/2016_10_31_STM_Open_Science_Position.pdf
82. FAIRsharing.org is leading a group of publishers to define the characteristics associated with data sharing repositories 
that really make a difference for publishers (the benefits of which publishers can pass on to researchers). Draft criteria are 
published on the Open Science Framework. See https://doi.org/10.17605/OSF.IO/N9QJ7
83. https://doi.org/10.25490/a97f-egyk
84. https://doi.org/10.6084/m9.figshare.8223365.v1
85. See https://www.wiley.com/network/researchers/blogs/doing-whats-right-trust-and-accountability-in-peer-review
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There is much more to discuss here, but a common refrain in this paper is that going into more detail is 
beyond the scope of this paper. At this juncture, the main takeaway is that publishers are an important 
part of the knowledge ecosystem. We will bear this in mind later when discussing what kind of policies 
to develop.

Research institutions

It’s an odd fact of science communication that non-university researchers conduct far more research 
than university-based researchers, but publish far less.86 Therefore, when we speak of the needs of 

86. Here, we use the word “publish” in the academic journal article sense, not articles that are less likely to be findable, 
accessible, reviewed and cited, such as internal studies or white papers. Part of this dichotomy is explained by the fact that 
university-based researchers conduct more basic research, while non-university researchers conduct more applied research. 
Basic research is generally seen as a public good and is more likely to be government-funded than applied research. Basic 
research can therefore be practiced with maximum openness, whereas applied research is generally more monetizable. Also, 

TABLE 6: RESEARCH DATA POLICY FEATURES BY TIER (1-6)

Source: Hrynaszkiewicz 2020 
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“research institutions” in the scholarly communication ecosystem, 
we need to recognize the perspectives not only of universities but 
of government-owned research centers, non-university research 
institutions like Cold Springs Harbor Laboratory, the Max Planck 
Institute, the Fred Hutchinson Cancer Research Center, and a myriad 
industry-based research centers, pharmaceutical companies, defense 
companies, technology companies and more. Because of the outsized 
contribution of university-based researchers to science literature and 
the tight relationship between publishing and academic tenure, we 
tend to focus our concerns only on university research, but this isn’t 
sufficient. In fact, non-university research institutions also publish a 
lot, and some even have highly influential open publishing programs 
(like the Max Planck Digital Library). 

Also at the university level, there are a wide variety of perspectives 
about open solutions. First, not all are major research centers—not 
all have the prodigious scholarly output of the University of California system, the research reputation 
of Harvard, or the research budget of Johns Hopkins. Most embrace research as part of their academ-
ic environment, but they aren’t necessarily driven by the demands of or are heavily dependent on the 
revenue from the research grant pipeline. 

Second, for the most part the debate at these institutions over open 
solutions—particularly open access—has been mostly managed by 
university libraries to date, and library interests don’t always align 
with how university provosts see the world (Murray 2018).87 Also, like 
universities themselves, libraries come in many different shapes and 
sizes. Most major US and EU university libraries share similar con-
cerns about the cost of access to research journals and are actively 
looking for solutions. But there are also many university libraries out-
side the US and EU, or smaller libraries that are not housed in major 
research institutions, who do not feel their interests are well being 
represented by the philosophies and solutions of major US-based 
university libraries. These are institutions who don’t have the buying 
power to negotiate customized publish-and-read agreements with 
publishers, or don’t have the financial resources to afford solutions 
that rely on authors to pay for journal publishing costs out of their 
own budgets.88

this statistic shouldn’t be confused with impact, where some studies have demonstrated the vitally important role the private 
sector has had in discovery in fields like pharmaceutics. For more detail about the relative R&D budgets of the private and 
government sectors, see the US Science and Engineering Indicators website (NSF 2020) and also OECD 2015. For more 
detail about (for example) the institutional affiliation of authors who published articles in the journal Nature during 2018, see 
https://www.natureindex.com/annual-tables/2019/institution/all/nature-science. 
87. In addition to the survey data reported in Murray 2018, the disconnect between provost and library perspectives has also 
been reported to OSI through private channels with regard to the need for libraries to adopt open solutions that are grounded 
in the needs and concerns of the research community instead of ideological arguments. Unfortunately, there doesn’t appear 
to be any published corroboration of these reports. It is worth noting that in almost all of the cases where OSI reached out 
to universities to assign representatives to work with OSI on the issue of open, provost offices appointed their library heads 
to this role, even though their perspectives may differ. Also, it is important to note that there have been several high-profile 
cases of alignment between provosts and libraries (at Harvard, MIT, and UCLA, for example); concurrently, much discussion 
has also been happening at the library level about how to best represent and meet the information needs and interests of 
university researchers in the future (see https://sr.ithaka.org/publications/its-not-what-libraries-hold-its-who-libraries-serve/ 
for example).
88. In the EU and US, author publishing charges are most often covered by institutional budgets. However, in the developing 

Because of the outsized 
contribution of univer-
sity-based researchers 
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And third, as was mentioned previously in this report (in the section on researcher perspectives), we 
should be wary about the prospect of creating different classes of rights and requirements for differ-
ent classes of researchers based on where they work. We’re already doing this to a large extent due 
to large differences in open solutions between fields, regions and institutions. But if we truly want to 
create an open solutions world where policies work for everyone everywhere, we should be mindful 
of this distinction and work instead to create open solutions that are portable across institutional and 
geographic boundaries. This necessarily means that we need to stop thinking of “institutions” as pri-
marily universities and libraries, but instead think much more broadly and inclusively.

Scholarly societies

Scholarly societies are major stakeholders in the scholarly communication ecosystem, representing 
and serving the needs of researchers. Most societies rely on meetings, publications and member fees 
to fund their activities. With regard to their publication revenues, some of the more prominent open 
reform plans of late would outlaw the type of publication societies primarily rely upon—so-called “hy-
brid” open, where some articles in a journal are free to read and reuse and other articles are available 
only to subscribers.

While all societies have been generally supportive of open efforts, they are also generally (with a few 
exceptions) not at all supportive of open requirements that impact their bottom lines.89 In order to 
survive in the landscape being created by Plan S, for instance, some societies will need to (and already 
have) abandon their in-house publishing capacity and subcontract this out to major commercial pub-
lishers (which, ironically, increases the very power of commercial publishers that Plan S wants to keep 
in check), move to APC gold versions of their most desirable journals (shifting the cost of these publi-
cations from subscribers to the society’s research base), or negotiate separate open access deals with 
individual customers.90 Here, the need exists to engage societies, 
but in a way that isn’t as threatening and inflexible as now.

Funding agencies

According to a recent Wiley survey of authors (Wiley 2019a), 
about 41% of funders are currently encouraging (23%) or requir-
ing (18%) that authors make their articles openly available. Exactly 
what this means in practice varies widely, however. While CC-BY 
licensing is the norm in such cases, there are also broad allowances 
for authors who can show that publishing in a subscription journal 
is their best choice; also, none of these funder provisions require 
that the final version of record be published in an open format, only 
the author’s accepted manuscript.91 

world, most institutions don’t have this kind of budget and most authors are left to pay for APC’s out of their own pockets 
(Scaria 2018). This flipping of access barriers in science world from subscriptions to author charges—from paywalls to play-
walls—has consequences for researchers in the developing world: If they can’t afford to publish, their research will simply go 
unnoticed.
89. See McNutt 2019 for an example of this sentiment.
90. For example, ACM signed a transformative agreement with four major research universities in January 2020 (https://osc.
universityofcalifornia.edu/2020/01/acm-open/). On its face this is a good development for open. But to the extent it portends the 
need for other scholarly societies to also negotiate such agreements—at least with their largest customers—in order to simply 
remain competitive, the potential for suboptimal outcomes here is real (beginning with the administrative burden for all parties 
involved). Some have even lamented the rise of transformative agreements as unintentionally making the open landscape worse 
off by creating a world of locked-in contracts that primarily benefit large, wealthy institutions. See https://bit.ly/3eUTxSV.
91. This is a complex process, but generally speaking, the author’s accepted manuscript (AAM) is the final version of an article 
that is sent to publishers, after peer review but before any formatting of the article has taken place. The final formatted article 
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Still, funders are increasingly considered the tip of the spear in 
the charge for more open. Indeed, many of the major nonprofit 
funders in the open space have aligned themselves ideologi-
cally with the position that open means something very spe-
cific—generally CC-BY licensed material that is immediately 
available for free, includes a dataset, and is deposited in the 
right repository (which also needs to satisfy specific require-
ments). These funders have implemented publication policies 
for the research work they fund that aligns with these narrow 
open requirements, and have also supported community-wide 
initiatives that align with these goals.92

Government funders haven’t been as particular about ideolo-
gy, and their funding goals haven’t been as ambitious either, 
focusing mostly on small-scale undertakings like building dis-
cipline-specific collaboration networks or repository integration 
solutions. Governments have not seen the open solutions chal-
lenge as central to science, and have certainly not taken bold or 
ambitious steps to fund these efforts in any significant way.93

This said, the interest and engagement from funders is real and substantial. Funders are becoming 
more interested in good data management practices. Still, only a portion of the research data generat-
ed today is reliably archived, shared and reused, and this represents a loss of knowledge that leads to a 
repetition of research and a waste of funder resources.

Here, an education approach is needed. Funders are only one part of the scholarly communication eco-
system but they currently exert an outsized influence on it, and they distort open outcomes by creating 
and supporting programs that only align with their perspectives. It is important for funders to see a 
bigger open picture than they currently do now. Whether this is possible is another matter. Funders are 
run by people, and the people in positions of power in these agencies determine what their agencies 
believe in. The open program leaders at funders like Gates, Arcadia, Wellcome, and OSF (among oth-
ers) all frequently and publicly pine for a world where the large commercial publishers (mostly but not 
solely Elsevier) aren’t part of the scholarly communication ecosystem, so barring a change of heart by 
their superiors, it is unlikely that these funders will become more open minded any time soon.94

But change does happen once funders start allowing themselves to be led by evidence. After initially 
supporting Plan S, for example, the Swedish Foundation for Humanities and Social Sciences (Riks-
bankens Jubileumsfond) removed its name as a signatory to this agreement six months later and de-
cided to create its own open science plan and not sign any other declarations. Ultimately, they decided, 
serving the needs of Sweden’s researchers turned out not to be a simple issue with a one-size-fits-all 
solution.

is the official version of record (VoR). Changes in fact can take place between the AAM and VoR stage, which means that the 
VoR is the preferred version to cite. However, most all open requirements stipulate that only the AAM be deposited in an open 
format (such as a green repository), and allow the VoR to still be published in a closed format. So in other words, an author 
can deposit their AAM in arXiv, publish their official citable article—the VoR—in Science, and still be entirely compliant with a 
funder’s open access policy.
92. They have also, with a few exceptions (like the Sloan, Arnold and McDonnell Foundations) generally eschewed supporting 
broader work like OSI’s that try to find common ground approaches, especially those that include listening to the concerns of 
commercial publishers. This observation about funders is based on the work of Glenn Hampson in leading OSI. For an extend-
ed and broader look at the ideology of the open access movement, see Poynder 2020.
93. Ibid.
94. Ibid.

What is needed at this 
juncture is an agreement to 
agree—an agreement be-
tween the multilaterals who 
have either expressed an 
interest in open solutions 
and/or who have already 
developed such solutions, to 
come together and develop 
a coherent global open solu-
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will work for all multilaterals 
and their constituents.
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Following from this, in July 2020, the European Research Council (ERC) announced their decision to 
withdraw as a supporter of cOAlition S and instead follow an independent path towards OA imple-
mentation, citing as motivation for this equity concerns for European researchers as well as the impor-
tance of respecting researchers’ publishing needs.95

Multilaterals

At the multilateral level, open solutions are increasingly being integrated into other important agendas 
such as the UN’s Sustainable Development Goals. This integration has led to a certain level of policy 
maturity for open amongst multilaterals, wherein it is now important to figure out how to allow open to 
reach its full potential by moving from dialogue to implementation, and by developing more open stan-
dards, tools and practices that are effective—a difficult task.96 Finding open access solutions that work 
for everyone everywhere has been a challenge for many years now; finding global open data solutions 
is a relatively younger challenge but proving to be every bit as elusive.97

Still, all this hasn’t stopped agencies like the UNESCO, OECD, WHO, the EU and the World Bank from 
charging ahead with open solutions—not in unison, but separately, pursuing policies that address needs 
and concerns as these organizations perceive them. This is both good and bad—good in the sense that 
open solutions are being taken seriously, bad in that there is no coordination between multilaterals about 
what open solutions should be adopted.98 What this means is 
that the approach to open the World Bank has developed and 
promoted is not also being used by UNDP or UNIDO; the open 
philosophy and efforts supported by WHO are not also sup-
ported by the FAO and UNEP; and what UNESCO is trying to 
develop now will not necessarily also be adopted by OAS, the 
EU, OECD, ASEAN, or other multilaterals.

What is needed at this juncture is an agreement to agree—an 
agreement between the multilaterals who have either ex-
pressed an interest in open solutions and/or who have already 
developed such solutions, to come together and develop a co-
herent global open solutions policy framework that will work 
for all multilaterals and their constituents. Why? Because 
no single agency wields that much influence with the entire 
world—especially in the economically more developed coun-
tries—and because most countries in the developing world 
engage with a variety of multilaterals, not just one. Granted 
the UN has awarded UNESCO the authority to develop an 
open science policy, but this policy only invites member states 
to adopt government policies that align with UNESCO’s recommendation, and only with specific regard 
to open science.99 It does not also call on UN member organizations like WHO and IBRD to adopt 

95. See https://erc.europa.eu/news/erc-scientific-council-calls-open-access-plans-respect-researchers-needs.
96. See the chapter on multilaterals in “The State of Open Data” (Davies 2019) for a fuller discussion of these challenges.
97. This challenge is complicated in no small measure by the fact that open uptake is not very robust in many parts of the 
world—not just open access and open data, but open government as well. Open government data use by citizens is still low in 
developing countries—the majority of citizens around the world can’t access or use this data. (Davies 2019)
98. In the course of OSI’s work, extensive outreach was made to UN agencies regarding their open efforts. Most of these 
agencies didn’t have a solid point of contact regarding open policies, and none were aware of each other’s work in this regard. 
All, however, expressed an interest in learning more and in collaborating. So, while there is fragile hope for working together, 
the reality of doing so hasn’t been explored yet—the UN can be an extremely bureaucratic organization, with layers of approv-
al needed for the simplest tasks.
99. See https://en.unesco.org/sites/default/files/en-unesco_osr_first_draft.pdf.
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UNESCO’s recommendations, or to modify their preexisting definitions of open and their preexisting 
support for various open efforts like Plan S. And importantly, it does not protect the world from wres-
tling with a “bad” open recommendation, should this be what emerges from UNESCO’s effort.

UNESCO’s effort is an important step, but it’s just a first step. In order to be truly effective in the mul-
tilateral sphere, it must form the core of a much larger, much broader partnership, not only involving 
other multilaterals but also universities, funders, publishers, and other government agencies who are 
willing to adopt and strengthen UNESCO’s approach.

Other open-focused agencies

Other agencies of all kinds—for profits, nonprofits, special interest groups, activist groups, solutions 
providers, lobbying groups, library trade groups, publishing trade groups, higher education policy 
groups, and more—have been very active in developing open policies over the last 20 years. The focus 
of this activity ranges from narrow to broad, regional to 
global, single field to multidisciplinary, advocacy to product 
development, open access to open solutions. A represen-
tative list of some of the more active groups in the open 
space is included in the annex.100

Just as has happened with the influence of a wide variety of 
researchers, multilaterals and publishers, the constellation 
of agency interests and perspectives has led to the develop-
ment and deployment of a wide variety of overlapping, inter-
secting and conflicting open policies over the years. There is 
considerable collaboration at the margins—many agencies 
support and build on each other’s work and principles.

However, deep rifts between agencies have also formed 
along ideological lines, pitting: the capabilities and interests 
of rich EU and US libraries against poorer ones;101 scholarly 
societies against the universities where their researchers 
work;102 and agencies who support open against publishers 
who are also working to develop open solutions.103 One of 

100. It is beyond the scope of this paper to provide too much detail here. The open space is very active, and a great many 
organizations have contributed to its development. 
101. One emerging issue, for instance, is how major libraries and library systems are able to negotiate exclusive “transforma-
tive” agreements with major publishers (typically publish-and-read agreements, or read-and-publish agreements; see Hinch-
liffe 2019 for details). The gist of these agreements is to create a one-stop-shopping solution for universities so that paying 
one fee covers both authoring charges and the costs of making published research free for all to read. These agreements 
cause the APC payment system becomes institutionalized, however, and universities who lack the resources to negotiate 
such deals are left needing to pay for APCs on a case-by-case basis (they can now read more published research for free, but 
have less ability to publish their own research). These fees can be extraordinarily out of reach for most of the world’s authors. 
Also, these agreements shift costs. They’re based on publication output, so large research universities with a prolific research-
er population will pay much more under these agreements. These cost increases are not marginal in some cases;  there is a 
huge assumption here that large research institutions will be willing and able to permanently shoulder the cost burdens of this 
approach.
102. The financial health of many scholarly societies relies on revenues from conferences and publishing. With regard to pub-
lishing, most society journals are either subscription based or hybrid (where part of the content is open and part is subscrip-
tion). Plan S originally proposed banning subscription and hybrid journals, which put scholarly societies in financial jeopardy.
103. For those who follow the debates in the scholarly communication space, bias against the involvement of commercial 
publishers is a defining characteristic. Major funders and advocacy groups often portray commercial publishers as an unwel-
come and illegitimate presence. While this portrayal has softened over the last few years, at least from high level actors in this 
space, there is still a deep lack of trust between many groups borne of years of division and acrimony. See Poynder 2020.

The challenge of meeting 
these needs is manifold...from 
privacy and policy barriers to 
paywalls, Internet access, and 
usability issues.... There are 
also real-world cost-benefit 
calculations to make.... What is 
the right balance between the 
public’s need for (and potential 
benefit from) openness versus 
the real-world costs of gener-
ating and storing this informa-
tion and making it suitable for 
public consumption?
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the foundational recommendations of OSI’s Plan A, therefore, is for these agencies is to take a step back 
from their disagreements over the details and look instead at the bigger picture of what they’re trying 
to accomplish with open, and in doing so, figure out where they can work together on common ground 
toward common interests.104 

These groups can find this common ground by talking to each other, of course. They can also work 
together through goal-oriented organizations like the Research Data Alliance (RDA). As a global open 
science/data organization, one of the aims of RDA is to re-
duce or remove the barriers between stakeholders, domains, 
and geographic borders, thereby facilitating open science 
efforts and interoperability. RDA does not use or endorse 
a specific definition of open science, given the range of 
approaches and foci for individual RDA members. The 
key concept of making the results of research “as open as 
possible, as closed as necessary” is often used in the RDA 
community as a shorthand description, along with the goal 
of sharing data, software, publications, and research sam-
ples whenever possible. RDA also emphasizes the research 
lifecycle (planning, collecting, processing and analyzing, 
publishing and sharing, preserving, reusing) from the begin-
ning of the research to the long term archive, and that open 
science approaches apply throughout the lifecycle.

RDA is a bit of a unicorn amongst scholarly communication 
agencies, however.105 Most agencies have a narrower focus on just one particular open solution set 
(like COAR), or one particular region (like AmeliCA) or field (like AGU). Therefore, this siloed expertise 
tends to result in perspectives and actions that are tailored to specific audiences and not always easy 
to scale or integrate.

While these tailored solutions are necessary and practical in terms of visualizing the contours of global 
policy, the general rule seems to be that the agencies with a broader focus tend to see the complexity 
of the global issue space better than agencies with a narrow or more advocacy-centric focus. RDA, for 
example, doesn’t endorse any single definition of open science because it experiences firsthand that 
at a global level there is a tremendous amount of diversity in the open science arena, whereas the EU’s 
endorsement of a single definition is driven by an ideology of what open science should be for Europe. 
Similarly, the STM Association takes a neutral, analytical view of the open space even though the indi-
vidual publishers in its ranks have a variety of views on open; and scholarly societies as a whole prefer a 
broad, inclusive approach to open (see McNutt 2019, for example) even though some societies are very 
much in favor of a Plan S approach.

These broad and inclusive viewpoints from high-level organizations don’t reflect expediency or a lack 
of knowledge about or commitment to open, but the reality that outside our individual and closed-
group advocacy bubbles there exists a wealth of different perspectives on open solutions. If we can 
begin embracing this big picture as the true reality of our existence, rather than our own microcosms of 
reality, then we will be able to go far, and quickly. There is a tremendous depth and breadth of energy 
and interest in this space. 

104. Plan A is discussed later in this report. See http://plan-a.world for more information.
105. Other similar actors include OSI and FORCE11—organizations whose purpose is to foster dialogue and greater under-
standing. 

...even though these policies 
share a lot of common lan-
guage and goals, most are 
not global or broad, but in-
stead are narrowly tailored 
to fit specific circumstances 
by region, field or institution, 
based differing interpreta-
tions of what openness en-
tails (or should entail).
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General public

The general public is another important stakeholder in this conversation but like researchers, there is 
no one “public” so it’s hard to speak with a single voice on this stakeholder group’s relationship with 
open solutions. Included in the “public” are ordinary citizens, citizen scientists, journalists, investors, 
and businesses of all kinds (primary consumers of open data are IT and research companies; see Da-
vies 2019), all dealing with issues ranging from health care to the environment to mining, urban de-
velopment, transportation, telecommunications, and beyond, with wide variation by global region and 
development status.

The needs of general public subgroups like businesses and citizen scientists may be more discrete and 
therefore more easily addressed than the needs of the general public writ large, who want, need and 
deserve information, transparency and accountability. They also want, need and deserve easy access 
to this information—particularly knowledge that impacts their health and economic well-being. In this 
regard, for example, public right-to-know laws are critical. They allow consumers to make better choic-
es, protect our health, allow investors and government policy makers to make better decisions, and 
allow markets to function more efficiently. These laws also promote democratic decision making and 
the power of ordinary citizens.

The challenge of meeting all these needs is manifold, though, from privacy and policy barriers to pay-
walls, Internet access, and usability issues (language, readability, format, and more). There are also re-
al-world cost-benefit calculations to make. With regard to research data, for example, how important is 
it that everyone have access to exabyte-sized data dumps from CERN versus just the researchers that 
request this information and know what to do with it? How vital is it that government research data be 
copyright free versus simply free to download? What is the right balance between the public’s need for 
(and potential benefit from) openness versus the real-world costs of generating and storing informa-
tion and making it suitable for public consumption? This has similar overtones to debates about univer-
sal health care—if we truly feel that universal knowledge is a right, then how are we going to pay for it 
all, and what will it look like (and in this case, does universal knowledge apply to everything or should 
we focus on just a few things the public really needs most of all and that we can provide really well)?

We are at still at the cutting edge of exploring most of these questions. Our default position for now is 
that more is better, but we haven’t really analyzed which open knowledge practices are most needed 
and effective, and which information slices are in highest demand.

For open government data, the evidence so far isn’t clear and compelling. Scattered evidence shows 
that uptake and usage of open government data isn’t very impressive as a whole. The barriers aren’t 
generally cost-related, but have to do with downstream matters like usability, ease-of-access, and 
relevance—that this isn’t the kind of information citizens are looking for (see Davies 2019 and Ruijer 
2020). With open access, on the other hand, cost is a major barrier, and open access materials tend to 
be more heavily downloaded than closed materials. Even so, most of the people who are seeking this 
information are researchers or “halo” participants in the research community.106 In research, open data 

106. Families searching the medical literature for cures and treatments is an important exception here, as well as citizen scien-
tists. Other than these populations, it’s difficult to come by definitive data on the demand for research by the general public. 
While it’s obviously critical for families in need to be able to access research, and it’s an important asset for citizen scientists 
to be able to do the same (as well as inventors and businesses), we don’t have a clear idea of how much of this kind of usage 
is actually happening.  In November 2020, Springer Nature (see Springer Nature 2020) released the findings from a survey of 
6000 users to some 37,000 SDG (Sustainable Development Goal)-related materials it had published over the preceding 10 
years (not only journal articles but books and conference proceedings as well). Around 60% of access was from people in re-
search; of the remaining 40%, about 15% was from non-researchers with a scientific purpose (such as government agencies, 
physician, pharmaceutics companies and science journalists). The remaining 25% were a long tail of users from a variety of 
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improves access from the general public, but we also know that access to open research data is gener-
ally restricted to qualified researchers. Open source may be the standout exception here. Can we learn 
lessons from the explosive public uptake of open source (think cell phone apps) with regard to what 
kind of information the public wants and needs and how the public can most effectively consume this 
information? 

These questions and issues concerning the general public’s access to research information are critically 
important to the open solutions space, but a full exploration of these questions and issues is beyond 
the scope of this report. This is one of the key areas where more understanding is needed in order to 
provide a firmer foundation for effective global open solutions policies.

KEY OPEN POLICIES & ACTIONS

In this section, we will take a quick look at open policies in general, and a slightly more detailed (but 
still high level) overview of regulatory and licensing regimes. A much more detailed exploration of 
these issues is needed, as noted, before attempting to craft an actual open solutions policy that can 

successfully integrate with existing policies and regulations around the world.

Open policies in general

Even though definitions of open vary widely, as discussed previously, this hasn’t stopped a prolifera-
tion of open policies from developing anyway, based on independent definitions. These policies have 
emerged from governments as well as a great many institutions and organizations—too many to list 
here. By and large, even though these policies share a lot of common language and goals, most are not 
global or broad but instead are narrowly tailored to fit specific circumstances by region, field or institu-
tion, based on differing interpretations of what openness entails (or should entail). Plan S is an outlier 
in this regard, aiming for a global audience and defining open very narrowly as requiring CC-BY licens-
ing, zero embargo, and FAIR data deposit in an approved repository.

By contrast, in the US the 2013 OSTP Memo (Holdren 2013), which established the US Public Access 
program, only requires that publicly financed research be made available—embargoes and traditional 
copyright are allowed. The target audience is US agencies and researchers who receive grant funding 
from the government. The result has been some of the most prolific open solutions in the world, such 
as PubMedCentral, DOE’s PAGES, and NASA’s Technical Reports server.

At the institutional level, major research universities like Harvard and MIT use well developed but flexible 
language around their open policies (and while these policies apply only to university-affiliated faculty, 

backgrounds with no particular research need in mind. The survey also noted that most in this group had difficulty accessing 
the information in question; if that group had easier access, their use would likely have been higher. This is a limited sample, 
though, of a limited set of materials. We don’t have solid numbers about broader demand. We have the same uncertainty 
about open data that is made available for “qualified” users (research databases that allow accesses to qualified researchers 
only—generally meaning researchers with the requisite expertise and connections who can also provide a scientific rationale for 
needing access)—we don’t know yet whether making data available in even these restricted settings is a dreamy “build it and 
they will come” approach or whether the effort will pay dividends over time. Even various analyses of SciHub usage patterns, for 
example, note how most download activity is centered around universities, but there is no specific category for “unaffiliated” use 
that may be coming from private citizens. Anecdotally, the evidence from a variety of sources suggests that the general pub-
lic’s demand for open access, open science, and open data is low outside of these specific subgroups of the public. This isn’t to 
downplay the need for or importance of public access to research—just to note that at present, the uptake of open by the general 
public isn’t clear, and open policies aiming to make everything available to everyone are more being aspirational than responsive 
to actual market demand for this information.
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they have also served as templates for other universities),107 whereas universities like Oxford simply en-
courage the use of open formats and provide resources to help authors do so.108

Funder policies also vary widely. The Gates Foundation uses a Plan S-compliant policy that predates Plan 
S, requiring CC-BY licensing and no embargo period as a condition of funding, as well as data inclusion; 
Wellcome uses flexible rules similar to Harvard, requiring that the AAM be CC-BY licensed (CC-BY-ND 
is acceptable) and deposited in a free repository like PubMedCentral;109 and the Sloan Foundation simply 
requires that grantees do their best to make information products open.110

Overall, open access, open data, open science and other open policies are still mostly separate entities 
that don’t exist together under a common framework leading to the impression that, for example, open 
data is just an afterthought in most open access policies.111 Attitudes here are changing though—we 
are beginning to see several cases where policy integration is being pushed and/or the shortcomings of 
existing policies are being actively addressed.112  

This effort is vital, but it’s also limited by the current state of standards—integration is important, but 
its pace is limited by different terms, definitions, and so on. At present there generally aren’t any open 
data standards, for example, although we know they’re needed. Experience shows that “what seems 
to work best is when groups of stakeholders, such as funders and publishers, identify common objec-
tives and are able to work together towards achieving them” (Wiley 2018a). With open government 
data, data released by governments can be on many different websites, in many different formats, using 
many different units of measure, covering different time periods (often with little to no historical data), all 
published with varying frequency and levels of accuracy and completeness. The same is true for research 
data, even in the same field, with a few notable exceptions (like HIV/AIDS vaccine data). But at least 
more people are beginning to see the need, the connections, and the potential. Overall, the utility and 
cross-comparability of all this data is certainly exciting but it’s also mostly aspirational at present.

Which approach to open access and open data is correct isn’t for this author group to decide. OSI 
wrote a detailed critique of Plan S in early 2019 that concluded this particular plan was too hasty to 
work—it may in the end be just fine, but it’s important to put more thought into it and include more 
perspectives than have been included to date.113 What we’re trying to do in this report is see how open 
solutions policies intersect. 

107. Harvard’s open access policy requires authors to grant the university nonexclusive rights to publish the pre-publication 
(author’s accepted manuscript) version of their research using a CC-BY-NC license, allowing flexibility with regard to the 
timing of this deposit, and with waivers available on request. See https://osc.hul.harvard.edu/policies/ for more details. No 
mention is made of embargoes or data inclusion, and authors can still publish the final version of their articles in any journal, 
open access or subscription.
108. See http://openaccess.ox.ac.uk/home-2/open-access-at-oxford.
109. See https://bit.ly/2SVEwGz.
110. From the Sloan Foundation’s website (https://bit.ly/3lTFuzg ), “While not everything can or should be free, maximal and 
appropriate openness remains a core value of the Sloan Foundation. In this Information Products appendix, potential grantees 
are asked to attend to the outputs their research will create and how those outputs can best be put in service to the larger 
scientific community.”
111. Here, it’s important not to confuse data management plans with open data policies. The former have long been com-
monly required; the latter are a rarer breed.
112. Plan S is a good example of a policy effort that is trying to take a next generation integrated approach to open policies. 
The movement to create data citation standards is another example. In “A data citation roadmap for scientific publishers,” a 
FORCE11-generated study, the authors note how “Over the past several years many authoritative science policy bodies have 
recommended robust archiving and citation of primary research data to resolve problems in reproducibility, robustness and 
reusability (Cousijn 2018). Studies by CODATA, the U.S. National Academy of Sciences, the Royal Society, and other groups 
recommend that scholarly articles now treat the primary data upon which they rely as first class research objects” (Cousijn 
2018).
113. For more information, see Hampson 2019.
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The answer is that there is a lot of 
common ground. Unfortunately, this 
reality may not be enough to build 
upon since, as noted earlier, there is 
also so much distrust and confusion 
in this space. Convincing some uni-
versities and publishers who have 
been engaged in a bitter dispute in 
recent years to now work together 
on their common ground for the 
future of open may be a pipe dream 
(granted, a few have been able to 
negotiate separate PAR agreements 
with publishers but these are the 
exception, not the rule). As a com-
munity, we can either work together 
as one to lead everyone toward a 
better future that focuses on our 
shared values and needs, or we can 
let the loudest voices dictate the 
terms and conditions of this future. 
We can advocate for this former 
outcome—working together—but 
can’t make it happen without the 
leadership and support of a global 
organization like UNESCO.

Regulations

Creating open solutions is one 
thing. Transforming these into reg-
ulations is quite another. The details 
of designing workable regulations 
work extends far beyond the scope 
of this report, involving a constel-
lation of concerns such as forms, 
processes, agencies, legislation, 
mandates, reporting, administra-
tion, interest groups, standards, and 
more.114 Hopefully, UNESCO’s open 
solutions effort will reach a point in 
the near future where all of these 
factors can be considered. For now, 
from a very high level, we need to 
first examine the landscape of exist-
ing regulations to see what’s need-
ed and what fits where. In terms 
of just legislation, different laws 

114. See https://thefdp.org/default/assets/File/Presentations/Sept_2020%20-%20Expanded%20Clearinghouse.pdf
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around the world already regulate the access and reuse rights concerning a wide variety of research 
information. Additionally, with open access and open data in particular, a wide variety of mandates are 
in effect across the globe at the funder and institutional level.115 

How all these regulations will interact with each other on the issue of open solutions is still a work in 
progress. This isn’t a simple matter of how one local regulation affects research practices in a predict-
able manner, but of how the global network of laws intersects, particularly noting how these laws can 
be uncoordinated even within a given country, let alone globally, and can interpret the meaning of open 
in different ways and aim for a variety of different outcomes.

One example of this lack of coordination comes from the US Environmental Protection Agency, which 
in 2019 sought comment from the public on a proposal for “strengthening transparency in regulatory 
science.” As OSI and other organizations commented on this proposal,116 EPA’s regulation was fraught 
with problems, such as confusing “open” with “transparency” (requiring the disclosure of private health 
information used in studies as opposed to simply requiring these studies be transparent, as all good 
science is already), and administrative overreach (EPA’s regulation would have effectively mandated 
that all science in the US be conducted in the “open” way they proposed, thereby affecting research 
funded by NIH, NSF, DoD, and other agencies). Also pending in the US is a proposal from OSTP to 
eliminate embargoes from the US Public Access policy.117 This proposal would align the US with Plan 
S in terms of requiring that all research material produced with US government funds be made imme-
diately available, but in doing so mandate an approach to open science that is inconsistent with the 
approach currently used by US government agencies that fund science, and also override the concerns 
and policies of many US researchers, publishers and scholarly societies.118

Other US government policies that impact on open science include the 2019 OPEN Act (Open, Public, 
Electronic, and Necessary Government Data Act),119 which requires US federal agencies to publish 
their information online using machine-readable data formats; the 2020 GREAT Act (Grant Reporting 
Efficiency and Agreements Transparency Act), which calls on US federal agencies to use open data 
(i.e., data standards, transparency and access) to modernize federal grant reporting; FOIA (the Free-
dom of Information Act); and HIPPA (the Health Information Protection and Portability Act). 

Not all such policies created to serve the needs and interests of a particular country stay within its 
borders. The EU’s GDPR is a good example of this. Because of its global reach, concerns have been 
expressed that GDPR will clash with open data policies from other countries, funders, journals, and 
institutions. According to one recent in-depth review of GDPR (Staunton 2019), “There is little insight 
or guidance contained within the GDPR as to the appropriate safeguards that must be in place…[and 
this lack of clarity] may render the research unethical and not in line with individuals interests.” The 
Staunton paper explores the specific policy deficiencies of GDPR in detail, and in addition provides a 
cursory overview of some of the myriad other policies that current inform open science practices, such 
as the Helsinki Declaration (defining modern rights of patient consent) and the Taipei Declaration (de-
fining data access to biobanks). Here again, unfortunately, a full examination of all of these policies is 
well beyond the scope of this report.

115. Going into too much detail here is beyond the scope of this paper. However, the annex section of this paper lists some of 
the higher profile laws.
116. See https://www.epa.gov/osa/strengthening-transparency-regulatory-science
117. See https://www.federalregister.gov/documents/2020/03/05/2020-04538/request-for-information-public-ac-
cess-to-peer-reviewed-scholarly-publications-data-and-code.
118. It’s likely that both of these initiatives are dead in the water as of January 2020 due to the change of administration.
119. This is included in the Foundations for Evidence Based Policymaking Act (H.R.4174) as Title II.

OSI POLICY PERSPECTIVE 4: OPEN SOLUTIONS 60



China and India are also critically important outliers as two of 
the world’s most abundant sources of research papers. China’s 
view of open is unique, not at all tethered to EU definitions of 
open but focusing instead on read-only open and geared to-
ward developing an internal capacity for information sharing 
instead of sharing with the world (Lee 2020). Meanwhile, India 
recently announced its intent to try to reach a nationwide agree-
ment for subscription journals, which is also completely at odds 
with the Plan S approach.120 

What ripple effects will this burgeoning geopolitical split with 
China continue to have on science? What might happen to 
science as more and more countries start limiting the access 
of China’s student population (on whom university finances 
depend),121 or as they start pushing back on openly sharing 
scientific information with China due to the country’s record of 
intellectual property theft? Not just with regard to China but 
more broadly, what happens if a free rider situation develops in 
basic research where only a few countries contribute the bulk 
of this information, being made freely available to the rest of the 
world through robust open policies? Will pressures develop to 
restrict access to the countries that fund this work (similar to a plan floated a few years ago for a “re-
gional” solution to OA primarily intended for the EU)? How might all these dynamics cut at the growing 
movement for open science (see Schonfeld 2020 for a deeper discussion)?

Overall, the big picture with all of these global regulatory policies is simply to note that they exist, in 
abundance, and that UNESCO needs to take these policies into account in order to avoid conflict. How 
to do this is a massively complex question, and to the best of our knowledge, no one has ever explored 
the common ground that unites open solution regulations around the world. This exploration is import-
ant though, since UNESCO’s intent is to recommend that governments implement its open solutions 
policies. This recommendation simply won’t be implemented if it conflicts with HIPPA, GDPR, or the 
major open policies of national funders or major research institutions.

And then, of course, it’s vital to recognize that creating these policies is only the beginning of the pro-
cess. Much work remains afterward to make everything workable—all the nitty gritty detail of weaving 
these policies into national, regional and institutional frameworks will take even more time and flexibili-
ty. UNESCO can’t just drop a new policy on the world and declare mission accomplished.122

One final note on the regulatory front is more philosophical than legal or operational. It goes without 
saying there is an urgent need at this point in history for more government transparency and collab-
oration regarding research. COVID is only the most obvious example; climate change research must 
also not be forgotten. But in the US, the Trump administration is not releasing enough data to allow 

120. See https://www.nature.com/articles/d41586-020-02708-4.
121. At many universities around the world, students from China often comprise a significant portion of the student popula-
tion.  Many of these universities are more financially dependent on their undergraduate students than graduate students, but 
more dependent on international grad students to staff research labs.
122. From an academic perspective, science is global and the lack of international streamlining on mandates and policies can 
create challenges in international collaborations where different participants are bound by different rules and regulations. 
These different rules can also distort choices, insofar as encouraging researchers who are subject to fewer rules and restric-
tions to seek out collaborators who are similarly less encumbered.

Overall, the big picture 
with all of these global reg-
ulatory policies is simply 
to note that they exist, in 
abundance, and that UN-
ESCO needs to take these 
policies into account.... 
[UNESCO’s new open solu-
tions policy] simply won’t 
be implemented if it con-
flicts with HIPPA, GDPR, 
or the major open policies 
of national funders or ma-
jor research institutions. 
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researchers to adequately track the spread of the disease and devise effective countermeasures.123 
In addition, the US has pulled out of WHO and the Paris Climate Accords, buried federal efforts on 
climate change, politicized the US Centers for Disease Control and Prevention, and dismantled years 
and years of carefully considered environmental policies. The US isn’t alone here—all governments are 
susceptible to stifling open government efforts for their own reasons.

But the fact that this is so easy to do, and will have such profound repercussions, is chilling. What can 
be done? What can UNESCO do? A pending change in US administrations will help matters, hopeful-
ly, but the damage that has been done and time lost ultimately illustrates the case that open solutions 
depend on the incentives and good will of the stakeholders involved. If these evaporate, what’s left?

The long-term solution may be to try to create stronger international knowledge repository systems 
(perhaps something akin to an All Scholarship Repository, or the European Open Science Cloud) that 
make data archiving simpler and more manageable; that are less prone to tampering than one-off 
reporting systems designed and controlled at the government and agency level; that put knowledge 
archiving and management solutions directly into the hands of researchers instead of intermediaries like 
publishers, libraries, funders or, dare say, government officials; and that are ultimately more scalable and 
sustainable. An open solutions system that is robust, vibrant, interconnected and deeply rooted within 
research communities will be better able to withstand the vagaries of shifting policy and political winds.

Licensing

Open licensing practices vary widely by field of research and 
type of open—open access versus open data, for instance. 
In the print world where open access licensing norms apply, 
more than half of all new research articles being published 
today use some version of the Creative Commons (CC) family 
of licenses.124 The primary goal of these licenses is to enable 
easier use and reuse of materials than is allowed under tradi-
tional copyright.

While all licenses require attribution, different licenses stip-
ulate different kinds of reuse permission. The most liberal of 
these, and the license generally preferred or mandated by many research funders (often as a precon-
dition for receiving the grant)125 is the CC-BY license, which allows others to distribute, remix, adapt, 
and build upon work, even commercially, as long as attribution is given for the original creation. For 
researchers concerned about unauthorized commercial reuse of their work, more restrictive versions of 
this license can be applied. For instance, the so-called CC-BY-NC-ND license allows others to reuse their 
work, except no commercial uses are allowed (NC means “non-commercial”) and no derivative works 
based on the original can be created (ND means “no derivatives”).

Open licensing formats have long been a huge point of contention among researchers. Survey after 
survey has shown over the years that researchers dislike and distrust the CC-BY requirement by a wide 

123. See https://www.nytimes.com/2020/10/23/opinion/coronavirus-data-secrecy.html?action=click&module=Opinion&pg-
type=Homepage.
124. See https://creativecommons.org/licenses for a description of these licenses. See Archambault 2018 for data on the per-
cent of open scholarly journal articles. See Piwowar 2018 for an estimate of the percent of the scholarly record which is still 
“dark.” Considering the full body of published research—new plus historical—most of the research articles currently available 
to read in repositories like PubMedCentral are held under traditional copyright (Hampson 2019).
125. By allowing authors to hold copyright instead of publishers. See for example “Publishing Your Research Open Access,” 
https://www.vr.se/english/applying-for-funding/requirements-terms-and-conditions/publishing-open-access.html

[L]icensing formats have long 
been a huge point of conten-
tion among authors. Survey 
after survey has shown over 
the years that authors dislike 
and distrust the CC-BY re-
quirement by a wide margin...
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margin (see T&F 2019 for a recent example), preferring some other solution instead. Even assigning 
copyright to the publisher is preferred to CC-BY, according to survey data. The top reasons for this dis-
trust—which have actually increased over the last few years—are intellectual property and confidenti-
ality concerns (55%); ethical concerns (37%); concerns about misrepresentation or misuse (28%); and 
worries about being scooped (23%; see Wiley 2019b). Compounding this confusion, around two-thirds 
of researchers may be completely unaware of what kind of licensing format is being applied to their work 
(Wiley 2019a).

There are workarounds to this issue, such as creating new ways to officially timestamp new ideas, cre-
ating new licenses specifically tailored to academic research, or continuing to move away from the prac-

tice of assigning copyright to publishers,126 but the dogged focus of 
many open advocates on the strictly CC-BY approach (versus op-
tions like CC-BY-NC-ND) has created tensions in the solution space. 
More flexibility and creativity is needed—namely an approach that 
listens to the concerns of researchers and tries to develop solutions 
that address their concerns rather than continuing to force CC-BY 
as a requirement for open.

Data is another matter entirely. Data itself cannot be copyrighted—
it exists in the public domain. Formatted data can be copyrighted, 
however, and by “formatted data” we mean databases, data tables 
and the like. Therefore, when we speak of open data we’re really 
speaking of making the container for data open and accessible, not 
the data itself, which is open by default (Korn 2011).

Far and away the preferred license for open data is CC0 or its equivalent—public domain.127 Anything 
more restrictive means data reuse can be jeopardized. For instance, if data is CC-BY licensed, thereby 
requiring attribution, then an untenable situation develops when a CC-BY licensed dataset is merged 
with a public domain licensed set. Sussing out which data elements going forward need to be at-
tributed and which do not can become unworkable, particularly for large datasets (think genomics, for 
example).128

The particulars of software licenses (open source and open code) are somewhat different.129 As noted 
earlier, there are two key concepts in this field: “open source software” and “free software.” These terms 
are very similar and are often used interchangeably, although there are some key differences, mainly in 
that free software uses an even more aggressively open licensing framework than open source soft-
ware. Open source and code are intertwined with open science on many levels, most visibly at the big 
data level where huge datasets need to come with tools attached to allow analysis. Without these tools, 

126. Typically, Fair Use provisions allow research materials to be reused in ways that are adequate for science. For instance, 
papers can be cited and excerpted, data tables can be repurposed, and so on. What isn’t permitted under traditional copyright 
is for entire works to be reproduced and/or adapted in their entirety for any purpose whatsoever. Mass reproduction for mon-
ey making purposes is what authors are trying to prevent by selecting a CC-BY-NC (“non-commercial”) license; unauthorized 
alteration (derivatives, adaptations, updates or other transformations) is what’s covered by adding a “no derivatives” (ND) 
clause. This issue of remixing and reuse is particularly important for researchers in the arts and humanities, where a few, long 
form manuscripts and books are the normal research output as opposed to many short research papers and data tables.
127. See the annex section of this report for licensing examples. Several governments and international organizations have 
also developed bespoke licenses, such as the UK Open Government License, the World Bank Terms of Use and the French 
Government License Ouverte. Standard licenses (like CC and the Open Database License), however, can provide greater rec-
ognition for users, increased interoperability, and easier compliance. See Korn 2011 (page 7) for a look at different open data 
license types and the pros and cons of each.
128. The same situation is true for free software. For addition reading, see Korn 2011 and Hendler 2012.
129. See Open Source Initiative, Licenses and Standards, https://bit.ly/376iYgR. Accessed September 1st 2020.

[O]pen source today has 
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there’s just a huge jumble of unusable information. If the tools 
are openly available, then the information we’re making avail-
able becomes actually usable.130

This evolution of open source in the marketplace of ideas is 
worth examining in more detail because this development has 
happened quickly compared to open access, and the impacts 
have been so widely embraced. Open source and open code 
have been huge commercial successes, spawning ecosystems 
of innovation that have advanced the capability and security 
of our computerized world and opened up ideas, solutions and 
best practices across a world of needs, applications, platforms 
and devices. Indeed, arguably, open source today has achieved 
a level of successful commercial integration and adaptation that 
may preview what the open access and open data markets will 
look like ten years from now, namely that commercial players 
control the product but the community benefits. In open source, 
90% of the code is now written by commercial companies in-
stead of by the public, but the public serves a vital role as “product manager”—they can see the code and 
help debug it, answer questions from the public, and develop new ideas and applications. They can also 
get free use of lesser or freemium versions of the software, while the company can develop paywalled 
versions for more advanced users and applications.131 

In open science, this might be the road we’re on, where raw data can be open to the public, but the refined 
data and the applications for processing this data are paywalled. Is this a bad outcome? The answer may 
depend on how comfortable we are with the notion that business (and with business, the desire for profit) 
drives innovation. Refining and developing data is going to take a massive investment of time and money. 
It’s not likely this kind of investment—at the necessary scale and sustainability—is going to come from 
UNESCO, governments or foundations. So, fundamentally, do we throw up bulwarks to more and faster 
progress on open solutions by legislating who can participate in the development of these solutions and 
exactly what these solutions should look like? Or do we level the playing field so everyone can participate 
and all outcomes are welcome? Can the marketplace, with support from governments to help correct im-
balances, help create the best outcomes? 

To most people in the modern policy world, the answer is clearly to allow market mechanisms to func-
tion—this really isn’t a point of debate. But in the open solutions space, this is a central point of debate—
that commercial involvement in science is immoral and/or the prospect of commercial “lock-in” of data 
solutions is something that needs to be avoided at all cost. To the extent these arguments are wide-
spread and deeply held, it’s important to understand why this is the case and whether such positions 
create an environment where it’s hard to come together on common ground. We argue later in this report 
that finding common ground is still possible—indeed, that this ground is actually quite fertile.132 Still, this 
version of the future will involve something akin to what happened with open source and open code—an 
unleashing of boundaries and a cultivation of private sector innovation and involvement.  

130. For a good overview of big data, see Hariri 2019. Big data is particularly salient in fields such as genomics and high en-
ergy physics. Datasets here can be genuinely massive, plus noisy and unfiltered. Currently, datasets that reside in the exabyte 
(EB) or zettabyte (ZB) ranges are generally considered to be big data. One EB is equal to a thousand petabytes (where one 
petabyte, or PB, is a thousand terabytes), and one ZB is a thousand EB. Walmart collects 2.5 PB of data every hour, and the 
Internet processes 1.8 EB of data per day (Hariri 2019).
131. See https://techcrunch.com/2019/01/12/how-open-source-software-took-over-the-world.
132. For a deeper discussion, see OSI’s Common Ground paper (Hampson 2020).
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SECTION 2: RECOMMENDATIONS

CHARTING THE PATH TOWARD COMMON GOALS

As described in the first section of this report, the open solutions universe is a rich, diverse, and 
complex mix of history and technology, needs and concerns, ideas and policies, tools and strate-
gies, institutions and regions, grand ambitions and multifaceted challenges. And while there is a 

significant amount of common ground between various open solutions, there are also differences. Still, 
it is clear that a more unified policy embrace of open solutions will help these solutions become more 
than the sum of their individual parts, and that this approach should be founded on our common goals.

How do we move forward? Let’s first quickly recap some of the key points from the previous section. 
UNESCO is trying to come up with a workable global approach to the future of open. The vast majority 
of other open policies being explored and implemented—involving a great many actors from across the 
ideological, stakeholder and geographic spectrum—have narrower, more localized goals. Open access, 
open data, open science, open source, open educational resources, and open government all have their 
own separate histories, constituencies and language, but also share many of the same general open 
tools and practices. Information sharing philosophies, behaviors and barriers are also similar. A num-
ber of thoughtful analyses of the open space have concluded that openness is a complex process, not 
a state—a means, and not an end—and that openness exists along a spectrum of outcomes for open 
access materials, open data, and open source.

At a global level, there is no significant policy integration between these various approaches to open.133 
The policy, regulatory and licensing regimes for open are a testament to this fact, at once uncoordinat-
ed, inadequate and overreaching, reacting to rapid changes in the information marketplace but at the 
same time struggling to create broad reforms that work as intended and don’t conflict or get incorrectly 
interpreted. In a similar vein, there are no successful one-size-fits-all solutions in any open field. The 
diversity of needs and interests is simply too great—by field, region, institution, funder mandate, and 
more.

Researchers are central to this diversity and to our analysis in this report. There are a variety of reasons 
why researchers might want to make their information more open, beyond the fact that openness is an 
animating ethos of knowledge creation. The most important of these has to do with ensuring proper 
benefit—making their research visible and transparent, improving the value of their research to soci-
ety, and making their work reusable. In the broader context, though, these motives take a back seat to 
making sure their research is published in high quality venues with high impact where it can be shared 
with colleagues and accrue benefit for science, society, and their own careers, regardless of whether 
these venues are open access or subscription based. Researchers can also be confused by open, dis-
trust their information will be used fairly and properly, and put off by how much effort can be involved 
in complying with open requirements.

133. As mentioned elsewhere in this report, large research institutions typically do a good job of integrating various open 
streams, particularly open access and open data. But on a broader scale, different open movements have their own logic and 
constituencies, and the actors like RDA and FORCE11 who are actively trying to integrate these conversations on a global 
stage are few and far between. This said, there are signs that the history of silo-ization is starting to change at the margins, 
as, for example, publishers move into regulating data as well as access to publications. We’re still at the leading edge of this 
dynamic. For now, and at scale, there has been very limited movement because of the lack of common ground—that is, there 
is too much variation in everything from audiences to stakeholders to terminology, policies, and so on, for coordinated action 
to get much policy traction.
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Among the other major stakeholders we’ve looked at in this paper, publishers are the gatekeepers 
to whether we’re sharing quality research or just junk; together, the major publishers account for the 
majority of all articles published every year, open and subscription, and they are also taking a leading 
role in developing a more robust future for open data. Yet they’re also vilified in the open access space 
for profiteering (not so in the other open spaces where the state of private-public collaboration is more 
mature). As for research institutions, this is a much larger group than just universities, but we tend to 
focus mostly on universities in this conversation. Scholarly societies serve the needs of the research 
community and yet the open solutions we’re developing are threatening the revenue streams that 
keep these societies afloat. Major private funders and government funders are key players in the open 
universe and are driving the most significant open reform efforts at the moment, but many have begun 
taking an ideological approach to open instead of an approach that is driven by evidence. Multilater-
als aren’t leading in open policy development at the moment (although UNESCO was a pioneer in this 
movement and continues to be deeply involved), and aren’t on the same page with regard to the future 
of open policies. The general public demands a right to know (and has a right to know) but access and 
usability are two different challenges; there may be lessons we can learn from how the public actually 
uses information that can help us design more effective open architectures. And finally, the constella-
tion of interests and perspectives of other organizations in this space, from service providers to non-
profit advocacy groups, has led to the development and deployment of a wide variety of overlapping, 
intersecting and conflicting open policies over the years. 

So, taking a deep breath then, here is our $64,000 question: What are we trying to achieve? The answer 
can’t be provided by any one institution or stakeholder group working alone from a siloed perspective:

•	 Who and what? “Open” is a very diverse, very aspirational vision. Should we aspire to make 
everything available to everyone, everything available to some, some things available to every-
one, or some things available to some? The choices we make will drive the systems and practic-
es we develop;

•	 Why? Building on the “who and what” question, we need to ask ourselves why we want open? 
Is our goal to help communities of practice work more effectively together? Do we want to 
make research more transparent so we can improve replicability and better the impact of our 
investments in research? Do we want patients to have better access to information regarding 
their ailments or treatments, and teachers to know the newest and best information available 
to pass along to their students? Are we moved by the need to improve access to knowledge 
around the globe? What if our answer is “all of the above”? Here again, looking at this challenge 
from the perspective of researchers first and foremost, the choices we make and the priorities 
we set will identify the concerns we need to address, and the solutions we zero in on.

•	 How? Do we build one silo or a network of silos? Do we simplify and incentivize systems for 
sharing, or do we mandate sharing (at least where it can be realistically mandated, such as day-
lighting government-generated or government-funded data)? Do we allow for a range of open 
outcomes and licenses, or do we require only the most liberal licenses? Do we mandate the 
sharing of all research information immediately or do we allow researchers suitable time to an-
alyze their data before sharing it (not an infinite amount of time, but at least enough to assuage 
their concerns about getting scooped)?

The reality of the open solution space is that these fundamental questions have been answered in a 
dizzying variety of ways because we have developed solutions first, and the rationale for these solu-
tions second. Along the way, we have discovered that our solutions have unintended consequences, 
and that we lack adequate understanding of certain outcomes and dynamics in this space. 
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FIGURE 13: OPEN SOLUTIONS ACTIONS FIRST, GOALS LATER

“Solutions” like FAIR standards, for example, didn’t emerge before we embarked on the open data 
path, but only after as a beacon to help remind researchers that sharing is good. These standards aren’t 
detailed or practical enough to require interoperability or describe at a practical level how open can be 
guaranteed (recalling from earlier that open data isn’t necessarily FAIR and vice versa). Indeed, recall 
that “reusability” is difficult to achieve even in the most homogeneous data environments, and ensuring 
“discoverability” can be expensive for the kinds of massive image-based dataset found in some fields, 
or impossible for datasets that include private health information.

Therefore, by the time we get to finally thinking about goals, we are trying to achieve outcomes that 
our path (our actions and lack of understanding, combined with setbacks due to unforeseen conse-
quences) has not prepared us to achieve. Hence, the idea of starting with common goals instead of 
actions makes sense from a strategic point of view.

 
FIGURE 14: OPEN SOLUTIONS GOALS FIRST, ACTIONS LATER
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This approach makes sense in every other facet of life, from planning a vacation to building a house 
to running a business or a government agency. We don’t buy a truck full of wood, hammer it together, 
and then assess whether we can live in this structure, what’s missing, and what we need to do to bring 
it up to code. The Theory of Change model described earlier in this report focuses on identifying goals 
first, and only then moving toward actions. Since we’re focusing a lot on the needs of researchers, how 
does this approach play out in knowledge creation endeavors like science? The same. While there are 
plenty of entertaining stories in science about accidental discoveries, the scientific method itself is pre-
mised on setting out goals and planning first, then experimenting (besides which, this kind of rigorous 
planning is essential for winning grant support).

The practices of research data networks shows how this goals-directed process works. In a recent 
white paper from Sage Bionetworks describing the governance mechanisms for open science work 
(Mangravite 2020) the authors note that “the ‘right’ system of governance is determined by first un-
derstanding the nature of the collaborative activities intended”—by setting out goals for this collabo-
ration. Then and only then are governance structures developed, as described in the table on the fol-
lowing page. The Sage paper goes on to describe various licensing, data ingest, user qualification, data 
de-identification, and data transition (from trusted to open) standards which are also critically important 
in the real world of data consumption. By beginning with a common goal, this network moved to create 
workable policies that addressed the most salient issues with regard to data use, and has built up con-
siderable experience and expertise in this area (as have other research networks).

By comparison, the conversations we normally hear in open solutions debates have to do only with 
standardizing information licensing format at the point of ingest, but as you can see from the Sage ex-
perience (which is only representative of the complexity of this challenge), this is only a tiny part of the 
equation because data in the real world exists in a number of different databases and formats, subject 
to a wide variety of usage restrictions and governance structures. Real world data isn’t simply open, 
end of conversation. The lesson here is that even if we create new systems, processes and policies to 
guide the future of open, actually transitioning to this environment will take many years and will involve 
robust and dedicated efforts to include existing materials in this new framework. The complexity of this 
task cannot be understated. Simply creating a common goal framework is only part of the solution. 

The same sort of nuances and complexities have been encountered in other open efforts, as evidenced 
by the flexible policies at Harvard and elsewhere (described previously); the shift away from CC-BY 
to CC-BY-NC-ND licensing; the slow growth curve of strictly BOAI-compliant open access; the expe-
rience of RDA in engaging with the complexity of the open data world; the public-private integration 
of open source solutions; and so on. Based on this under-
standing of the open solutions space, there are at least five 
approaches to charting our path toward common goals: 
narrow, broad, philosophical, tangible, and collaborative.

Narrow

Let’s say our global goal is something like “to improve the 
usability of research and the value of research to society.” 
Great. How? We can create a flexible and inclusive frame-
work for participation in open. But which mechanisms would 
be most helpful? Which would actually work in practice? 
Sage is an example of the latter. Sage data is only avail-
able to Sage researchers. Similarly, research databases like 
GenBank, DataSphere and DataSpace collect research data 
on specific focus areas—genetics, cancer and HIV/AIDS 
vaccines respectively. All make data publicly available, but 

[Narrow approaches] make 
sense because this kind of 
environment lends itself well 
to the excruciatingly detailed 
work on standards and over-
sight required to clean the 
data, integrate it, ask the 
right questions to fill in gaps, 
allow researchers to see how 
their data is being used, and 
so on.
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only to registered users. In the case of DataSphere, users can only be “bona fide researchers” and use 
is restricted134—DataSphere owns the data and no patents can be claimed on discoveries made via this 
data. These are all closed systems where researchers in one field are sharing data with each other in 
a trusted environment for a limited purpose. This make sense because this kind of environment lends 
itself well to the excruciatingly detailed work on standards and oversight required to clean the data, 
integrate it, ask the right questions to fill in gaps, allow researchers to see how their data is being used, 
and so on. But this approach also results in information silos, and these silos may or may not fit with 
our vision of truly open knowledge (creating long approval delays, limiting access, requiring member-
ship in a network, restricting downloads, prohibiting cross-platform use, and so on). 

Broad

Most broad approaches to the future of open solutions are still in the realm of science fiction in this 
community’s policy debates. Still, at the risk of detracting from the credibility of this report, it’s import-

134. See https://data.projectdatasphere.org/projectdatasphere/html/registration. The same is true for clinical trials platforms 
like CSDR and Vivli, which are searchable databases of several thousand studies. Researchers must submit requests to access 
data from studies of interest, and also approval from their institution’s review boards. Most of these data access request are 
approved, but many are  not for a variety of reasons, including inadequate scientific rationale or methodology, or inadequate 
qualifications of the research team (NASEM 2020).

Governance 
structure

Number and 
linkage of 

parties

Degree of 
data Avail-

ability

Degree of 
freedom to 

use data

Challenges common to 
the governance success

Primary governance 
design pattern

Pairwise One-to-one Medium/
High Medium/High Uneven status of parties, 

value of data
Informal or closed con-
tract

Open Source One/some-to-
many High High Rights permanently 

granted to user License

Federated Query Many-to-many, 
via platform High Medium/Low Defection of creators Contract and club rules

Trusted Research 
Environment

One/some-to-
many Medium/Low Medium/Low Users agree to be 

known, surveilled
Data transfer and use 
agreements

Model-to-Data One-to-many High Low Not all who apply can 
use data

Restricted analyses, data 
curation

Open Citizen 
Science Many-to-many High High Capacity for analysis is 

uneven Contract or license

Clubs, Trusts Some-to-some Medium/Low High

Easy to create things 
governed more liberal-
ly. Trusteeship can be 
revoked.

Club / Trust rules

Closed Many (to none) Low High Fundamental limits to 
collaboration

Public laws, security 
protocols

Closed and Re-
stricted Some (to none) Low Low Fundamental limits to 

collaboration
Public laws, security 
protocols

TABLE 7: GOVERNANCE STRUCTURES AND THEIR ATTRIBUTES

Source: Mangravite 2020 
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ant to note that these broad approaches do have purpose and appeal and shouldn’t be disregarded 
out of hand as being without merit (see, for example, the sentiments expressed in NASEM 2020 and 
NIH 2020), even if the exact solutions are still elusive. In principle, one such approach would be to build 
something akin to an “All Scholarship Repository” (ASR).135 The closest thing we have to this at the 
moment may be Zenodo, a data cloud created by the EU’s OpenAire program and operated by CERN, 
or the European Open Science Cloud (EOSC).136 The general vision of these systems to varying de-
grees, is to create one interface through which we can search for complete data and text without en-
countering barriers of any kind (not just registration or paywalls but also technical and interoperability 
barriers like differing standards, data sharing agreements, consents and metrics).137 With such systems, 
we can focus our efforts less on finding and accessing information and more on reuse. 

Where the ASR approach differs from the EOSC approach is in creating a single silo instead of linking 
together existing silos through metadata or artificial intelligence tools. The benefits of such a single 
silo approach may be manifold (again, emphasizing that this approach currently has zero policy trac-
tion)—in theory, allowing us to create something akin to a single preprint server from which the world 
of research could then flow into overlay journals (in whatever format), or into customized analytics 
platforms that will vary tremendously by field, vendor, institution, and so on. Innovation would become 
entirely focused on the user—in most cases, the researcher—and not on what funders want or what pub-
lishers are willing to develop. In addition to the operational advantages of such a system, it’s also possible 
that the process of data sharing will become easier when there is more data to work with and greater 
overlap between research communities and perspectives. In such a world, as noted in the NASEM 2020 
report, “data generators might collect and steward data in a way that better facilitates sharing, and data 
users might be able to propose secondary analyses that make the best use of the available data.”

Philosophical

As discussed earlier in this report, there are a wide range of motives for open. Some of these overlap, 
many do not. There is no solid bedrock of opinion across the open solutions universe that unites every-
one in common cause that, for instance, all information should be free. This variation exists between 
user communities, but especially between open solutions. For instance, open government, open edu-
cation and open source have a very public servant ethos—there is no question that open is intended 
to benefit everyone everywhere. Open access has a similar ethos but, at least when it comes to re-
search, much of the information being daylighted is highly technical and written in a highly impenetra-
ble manner, so the primary audience is going to be other researchers (which isn’t to say there isn’t a 
non-researcher audience for this material; see the Nature 2020 survey). With open data, again at least 
at the research level, this is even more constricted than open access for similar reasons, and also due to 
concerns about misuse and unauthorized reuse.138 Here, protecting the integrity of research is a prima-
ry consideration that trumps sharing beyond a circle of known experts.

135. See annex section for more details. Again, this is hypothetical and not yet a model that is getting serious policy attention.
136. Zenodo covers a wide range of disciplines and data types, but it isn’t heavily populated at the moment and data uploads 
are limited to 50GB, a woefully inadequate size for datasets in many kinds of research The issue of big data is mentioned 
at various points in this paper. “Data” means different things to different communities, and the mechanisms for sharing this 
information are similarly varied. The discussion around open data often ignores that in some disciplines, a dataset can be 
hundreds of terabytes or even larger. This is not something that can be just uploaded to a website—bandwidth becomes a 
huge limiting factor in data sharing, and in some cases it’s more economically and logistically reasonable to fly somewhere 
with hard drives than try to transfer data remotely. Some communities like high energy physics already have solutions in place 
for this, but for other communities that don’t have an “open” culture, figuring out how to make such data sets open will be a 
huge and serious problem. In general people are moving towards bigger and bigger data in other disciplines too. How should 
we handle this?
137. See NASEM 2020 for a discussion of these barriers with regard to the sharing of clinical trials data. See the annex sec-
tion for more detail on the ASR.
138. These concerns and the resulting licensing variations are discussed in more detail later in this report.
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TABLE 8: OPEN SOLUTIONS ETHOS

Tangible

There is a wealth of common ground in research for working together on tangible goals like curing 
cancer, combating climate change, or more broadly, improving science. These types of goals may ulti-
mately be the most actionable—they are tangible enough without being overly broad, and they don’t 
try to embrace disparate philosophical motives. They are also, however, woefully unprepared, as the 
experience of Sage Bionetworks shows. That is, we think our solutions have everything to do with sim-
ply “opening” information when in fact this is only one small step in a very long, involved and complex 
process. Rallying around common tangible goals would be an effective way to begin mobilizing the ex-
pertise we need to actually do something with open as opposed to treating open as a goal unto itself. It 
will also help shift the conversation away from the “orthodoxies” of whose approach is right and whose 
is wrong, and toward the practical matters of figuring out 
what’s needed to achieve our goals, beginning with estab-
lishing goals and then working forward.

Collaborative

Our goals for open will likely continue to be multi-pronged: 
Different fields of open, different fields of research, and 
even different governments, regions, institutions, and 
research networks will prefer to pursue goals that are 
tailored to their particular needs and audiences. Certainly, 
funding and support is much easier to generate for nar-
rowly tailored goals of clear and demonstrated benefit to 
specific communities than for broad, global goals of the 
“build it and they will come” variety. 

But does this mean that from a policy perspective, our 
common ground goal should simply be to acknowledge a 
constellation of uncoordinated and disconnected policies? 
Yes and no. We should encourage the marketplace of ideas and products to participate in figuring out 
how to advance our common goals for open, and work together to support each other’s efforts, espe-
cially where there is overlap between these efforts. But at the same time, we need to provide guidance, 
developed by the full open community, that describes what a common commitment to open looks like 
in terms of broad, flexible, actionable policy. Collaboration works best if we’re all rowing in the same 
direction, not so much if we have different destinations in mind. 

OSI’s Common Ground paper (Hampson 2020) describes one version of this collaborative approach to 
the future, identifying a wide swath of activities in this space that constitute common ground in pur-
suit of open access. This paper’s conclusions are generalizable to open solutions as well, particularly 
the broad vision of what the global solution space looks like. As noted in this report, a common ground 

[W]e think solutions have ev-
erything to do with simply 
“opening” information when in 
fact this is only one small step 
in a very involved and complex 
process. Rallying around com-
mon tangible goals would be 
an effective way to begin mo-
bilizing the expertise we will 
need to actually do something 
with open as opposed to treat-
ing open as a goal unto itself.

Ethos Open gov OER Open source Open science Open access Open data

Everyone should have 
access to everything

Yes Yes Yes To the extent 
possible. TBD.

To the extent 
possible. TBD.

No—this is neither 
practical nor desirable.

Everyone will be able to 
make use of everything

Yes (although 
the reality is 
much different)

Yes Yes To be deter-
mined

Not likely No (especially big 
data)
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foundation will have multiple, irregularly-shaped points of intersection on multiple points of common 
interest. These multiple points of intersection might look like this:

•	 Work together to get all research materials somewhere onto the DARTS open spec-
trum. Seventy percent of the world’s research is closed and entirely off the open spectrum. 
What if we work together to get this number down to ten percent in ten years? One easy way 
we can do this is by valuing all open outcomes instead of prejudging which outcomes are supe-
rior (evidence to this effect will accumulate over time). Step one is to first get as much research 
as possible somewhere onto the open spectrum.

•	 Work together to improve all open outcomes. Getting more information onto the open 
spectrum is just a first step. From there we can work together to improve open outcomes (for 
instance, an institution or an information artifact can begin its open journey at one open level 
and improve over time). From this inclusive and non-judgmental approach, open adoption will 
become the norm and improvements over time will incentivize change and adoption, which will 
incentive more improvements and more adoption. 

•	 Work together to immediately improve access where it’s most needed. What kinds 
of outcomes are wanted by researchers and where? Where are improvements needed and 
why? The access holes we’re looking to fill and the outcomes we’re looking to improve may be 
fairly discrete—for instance, improving access to medical research for low resource institutions. 
Can these needs be addressed quickly and effectively through targeted reforms instead of slow 
burning systemic changes? 

•	 Work together to improve open clarity and standards. What’s the simplest way to 
participate in the future of open research? We need solutions that are easier for researchers to 
understand and value and easier for universities to implement. We also need better standards. 
What are the neon bright guidelines that all researchers and publishers should know and follow 
with regard to open research? 139

•	 Work together to address urgent needs. There are many such needs to choose from but 
none more urgent and global than climate change. Many of the research disciplines connected 
to climate science are too closed. What if the international open community—including com-
mercial publishers—worked together to not only open climate research but to actively integrate 
this work, make connections, and facilitate discovery?140 We can prove the concept of open and 
at the same time work together to save our planet. 

•	 Pilot open solutions. Let’s build things with open—combine, curate and standardize data, 
make new connections, bridge the gaps between disciplines, see new fields, make new discov-
eries—in short, do work that proves open is the future. 

139. There are international standards in the open solutions space referencing copyright law, universal digital object iden-
tifiers, and so on, but no international standards describing, for instance, how journals should conduct peer review, or what 
constitutes a legitimate and credible journal. Not all emerging open formats are created equal; standards can help ensure 
a baseline of quality and reliability. COPE and other organizations have created strong first drafts of this kind of work (see 
COPE 2018). The next step is for the international community to review (and modify as needed) these proposals and build the 
capacity of publishers worldwide.
140. There are already programs and procedures, both at the publisher level and the international level, to help researchers 
respond to global health emergencies like Ebola, Zika and the Coronavirus. See, for example, NIH’s Emergency Access Initia-
tive, or Elsevier’s information resource centers (Reller 2020). It’s important to note here that we’re not suggesting daylighting 
private health information from studies or discounting studies where this information can’t be publicly evaluated. These are 
both bad ideas, and don’t do anything to help science or science policy.
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•	 Look beyond. As a community, we are just now begin-
ning to look beyond the journal article to figure out what 
we really need. What tools and systems should we build? 
To what end (specifically)? What role will artificial intel-
ligence have in being able to synthesize research? What 
forms of research communication will be the most import-
ant in tomorrow’s research environment (the answer will 
differ from one field to the next)? Rather than spending so 
much time and effort debating how to turn our research 
communication horse and buggy into a rocket ship, maybe 
we should just build a rocket ship?

So—narrow, broad, philosophical, tangible, and collaborative—or maybe something else or some com-
bination of these paths, as long as all paths lead to Rome. The journey is certainly possible, if we have 
the will. But, we may ask, how is this approach different from our current approach? It’s different be-
cause there are exactly zero policy agencies and instruments in the open solutions universe today that 
incorporate a broad, inclusive, and globally diverse set of views and perspectives, and that are informed 
and empowered by the vast diversity and opportunity in this universe. Instead, we mostly rely on ideo-
logically-driven one-size-fits-all approaches that act first, and ask questions later—that build the house 
first without any plans, and then struggle to make the house habitable and bring it up to code. 

From an outcomes perspective, a common path, common goal approach might start small by picking 
the low-hanging fruit in order to build confidence, and then over time could move on to more compli-
cated and challenging collaborations. 

 
FIGURE 14: THE FUTURE OF OPEN (GOOD VERSION

 

Source: Hampson 2018 

Instead of relying on one-
size-fits-all approaches 
we can create an inclu-
sive open movement that 
is informed and empow-
ered by diversity and 
opportunity.
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After 15 years of working together, what does this full potential look like?

•	 Open is clearly defined and supported
•	 Open is the standard output format
•	 Open solutions are robust, inclusive, broad, scalable and sustainable
•	 Almost all knowledge is discoverable
•	 The global access gap is nonexistent141

•	 Solutions for the arts and humanities are built-in
•	 Connected issues are resolved
•	 Incentives are aligned so scholars embrace open because they want to
•	 Open is simple and clear so scholars know what it means and why they should do it
•	 Predatory publishing is defeated so it no longer threatens knowledge integrity142

•	 Standards and global guidelines are clear for all journals, which helps the market
•	 The marketplace remains competitive so open products remain cutting edge
•	 Repositories are integrated, not just connected
•	 Data standardization is widespread and robust.

All of this leads to an Open Renaissance where many kinds of improvement happen to research, the re-
search ecosystem grows exponentially more powerful, new fields and directions emerge based on easier 
and more robust interdisciplinary work, funding efficiency improves, and discovery accelerates. The social 
impacts of research surpass today (including improved literacy, public engagement, and public policy 
impact), knowledge becomes more of a global public good, and society reaps the benefits.143

It’s impossible to imagine what future might lie ahead on this path, but “exciting” is probably an under-
statement. Before the birth of what we now call science, societies had no word for “discovery,” and no 
sense that the knowledge of tomorrow would be superior to 
the knowledge of yesterday. The changes brought about by 
experimentalism, natural philosophy, and the search for ob-
jective truth shook the world to its foundation—indeed, shook 
the world off its foundations—and led to a steady climb out of 
darkness and toward enlightenment.144 What will happen if 
we can share this miracle of knowledge more effectively, not 
just within science but within society? What new discoveries 
will we make then? What unseen connections will become 
apparent? What problems will research be able to solve for 
society?

And what if we don’t work together on the challenges 
ahead? Maybe we’ll reach our goals more slowly, maybe we 
won’t reach them at all, or maybe the solution space will 
fracture. Continuing with our go-it-alone approach, for ex-
ample, may eventually result in competing regional solutions 

141. At least in terms of what can be controlled. For people without access to a computer, the internet, or even 24 hour per 
day electricity, making everything open doesn’t by itself close the access gap.
142. See Anderson 2019 for a fuller discussion of this issue.
143. Most of this section is verbatim from Hampson 2018.
144. See Wootton 2015.

Before the birth of what we 
now call science, societies 
had no word for “discovery,” 
and no sense that the knowl-
edge of tomorrow would be 
superior to the knowledge 
of yesterday.... What will 
happen if we can share this 
miracle of knowledge more 
effectively, not just within 
science but within society?
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where we end up with one open future for China, another for the EU, and still other futures for South 
America, Africa, and other regions, each working to solve their own unique concerns and perspectives. 
This approach may also force changes across diverse disciplines that may not work well (for example, 
open solutions that work in physics generally don’t work at all in history), causing researchers in some 
fields to lose interest in an open future altogether. Or it may lead to unintended consequences that 
don’t necessarily benefit research, again causing a drop in interest.145

A go-it-alone approach also fails to address the significant concerns in government offices around the 
world that there are intellectual property and security ramifications of a vastly more open research world 
(see Poynder 2019 for a lengthy list of examples)—not just sharing data freely but collaborating on re-
search projects and even allowing certain foreign nationals to study at certain universities. Can we proac-
tively address concerns like these by working together more effectively, or do we wait and react to future 
legislation that directs researchers to collaborate and share on the basis of nationality rather than merit?

There are larger, distinctly modern currents at work here that have the potential to utterly reshape our 
answers to the many questions posed by open research. If we work together, our ability as a commu-
nity to deal with these currents will be informed, unified and strong. If we are a fractured community, 
however, where every country and stakeholder group is just in this for their own benefit and is pur-
suing their own national agenda and vision of the future then there will be no bulwark against these 
nationalistic tides and the global effort to make knowledge more open may suffer as a result.

In summary, good reasons exist for working together as a global community on the many challenges 
of open solutions— from a wealth of common ground interests to a need for common ground solutions 
to systemic problems; from making open solutions more attractive and coordinated, to aligning incen-
tives, removing obstacles, better understanding national needs and interests and charting a course 
for a much more exciting and robust open future. Still, there are those in the open solutions commu-
nity who disagree with the necessity or desirability of this 
approach—experts who believe limited solutions are the 
best we can hope to achieve; open advocates who think 
trading one evil (like subscription prices) for another (like 
author fees) will produce the greater good; or observers 
who believe our disjointed system as it’s currently evolving 
will eventually get us to the right point without the need 
to deliberately seek broader solutions. These perspectives 
are all valued and valuable. Many such perspectives inform 
this debate—there are no black and white answers. Indeed, 
there are a wealth of questions that have no answers at all.

And this is precisely why, considering what’s at stake, it 
is so critically important that we put aside our differences 
in this community and summon the will to look thoughtfully and carefully at how we are approaching 
the common challenges we face. Are we certain our current efforts are truly the best we can do as a 
community or are some of our approaches more expedient than thoughtful, inclusive, robust, effective 
and sustainable? And if these efforts are simply expedient, then we need to ask ourselves whether 
our shortcuts are wise. The potential that an open future holds for knowledge and society is vast. It 
behooves us all to work together to develop this future the right way. Exactly how we do this is the 
question we should be trying to answer now. 

145. One example here is that if we replace subscription paywalls with “play-walls” where authors need to pay to have their 
articles published, this will arguably be a worse outcome since we’re then dealing not just with research that’s hard to access, 
but also with research that doesn’t get published in the first place.

The potential that an open fu-
ture holds for knowledge and 
society is vast. It behooves 
all of us to work together to 
develop this future the right 
way. Exactly how we do this 
is the question we should be 
trying to answer now.
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STRATEGIC NEEDS

In terms of strategic planning in this space, we can start by focusing on the three P’s of open: Phi-
losophy, policy, and practice. These three P’s are epitomized in the goals-based perspective of open 
solutions discussed earlier. Open solutions flow from the broad to the specific, from a broad purpose 

to narrow perspectives and narrower toolsets—from philosophy to policy to practice (except when 
we’re building our house first and figuring out how to live in it second). 

The philosophy of open is generally benign, except, in the case of research, when it narrowly (and 
incorrectly) claims that open is defined by certain policies and practices.146 Such interpretations don’t 
accurately describe the broader philosophical landscape of open, or the needs, norms and practices 
that many research groups would recognize, but instead are hybrid philosophies built to express cer-
tain ideological preconditions. In doing so, these philosophies exclude consideration a wide variety of 
needs, perspectives, solutions, adaptations, and evidence (see Poynder 2020 for a fuller discussion of 
this dynamic). Apart from this, there are also a variety of open philosophies (as discussed earlier) but 
not any single “meta-philosophy” that we all agree on and that motivates us all to action.

The policy of open can also be contentious, although again, at least with regard to research, the gen-
eral policy of sharing and transparency is not only agreeable to most researchers but essential to the 
proper conduct of research. The same is generally true for open data, open source and open gover-
nance. Policies that stipulate openness are on their face not contentious, but can start to become so 
when they run up against real concerns and constraints on issues like privacy, intellectual property, or 
security.

Alas, the practice of open is where our discussion really gets complicated. Compounded by the fact 
that practices are built on conflicting, divergent and shifting philosophical and policy foundations, the 
practice-based reality is that every discipline defines its own best practices and tools, including wheth-
er or not it is good to share research outputs, and deciding when, how, and what to share. Even so, 
there are many practice-based areas of overlap.

Strategically, from a policy formulation perspective, it’s important to engage on all three of these levels. 
Most of the really transformative common ground in this space will happen through our engagement 
at the philosophy level—understanding and agreeing on common cause for why we want open solu-
tions—whereas specific policies and practices will continue to evolve in a more customized manner, 
including specific solutions by field, region or institution as necessary.

We don’t necessarily need to actually agree on this philosophical change in order to make progress, 
though. The approach being taken by the Research Data Alliance is to work with members on their 
evolving policies and practices for open science and wrangle them into alignment with a new philo-
sophical approach such that they increasingly:

•	 Work toward a world that is open by default, but closed as necessary (based on valid 
arguments);

•	 Maintain a healthy tension between the commercial and “public good” aspects of 
open science;

146. Such as but not limited to the Budapest Open Access Initiative (BOAI), which defines “open access” in narrow terms. 
Plan S defines open access even more narrowly than BOAI.

OSI POLICY PERSPECTIVE 4: OPEN SOLUTIONS 76



•	 Never losing sight that our common ground 
is built on values that are critically important 
to science, like transparency, integrity, and recog-
nition;

•	 Tear down the perception that open science 
is totally new, and that science of the past does 
not matter; and

•	 Understand that open science creates op-
portunities but also requires changes from 
many parties, particularly researchers, and 
therefore it is important to include them in dialogue 
about open; that change like this needs strong 
political commitment and the financial investment 
to back it; that lower and middle-income coun-
tries may (or may not) lack sufficient political will 
and financial resources, and/or may have different 
priorities from higher-income countries; that diverse and representative stakeholder groups are 
critical to finding lasting and workable solutions; and that each country or region will want to 
execute research policy and investment (and open research policies within those) following the 
direction and speed that they believe is right.

OSI’s perspective, as described in its open science recommendations to UNESCO (Hampson 2020), 
takes a similarly broad, bottom-up approach. These recommendations—which work for all kinds of 
open and not just open science—state that inclusive, effective, sustainable open policies and practices 
intended to benefit all researchers everywhere must be:

1.	 Researcher-focused. Research communication tools, services and options need to be devel-
oped with heavy input from the research community, with solutions and approaches driven by 
researcher needs and concerns. In this case, where are the needs and gaps in current practices 
related to open science? For instance, where are the current data sharing needs most urgent, 
and what are the roadblocks to wider use and uptake (e.g., systems, standards, etc.)?

2.	 Collaborative. Successful and sustainable solutions will require broad collaboration, not just 
to ensure that all perspectives are considered, but also to ensure there is broad ownership of 
ideas.

3.	 Connected. There are a great many interconnected issues in scholarly communication. We 
can’t just improve the openness of information without also addressing issues such as impact 
factors, peer review, and predatory publishing. Reforming scholarly communication will require 
a systemic approach.

4.	 Diverse and flexible. There are no one-size-fits-all solutions to scholarly communication re-
form. Instead, there are many different pathways to reform, likely including many that have not 
yet been conceived or deployed. Diversity, creativity and flexibility in this undertaking should 
be encouraged, at the same time noting that we should try to maximize adherence to the other 
principles represented here.

5.	 Informed. We need a better understanding of key issues in scholarly communication before 
moving forward. For instance, what is the impact of open research? The more accurate and 

Most of the really transforma-
tive common ground in this 
space will be will be found at 
the philosophy level—under-
standing and agreeing on com-
mon cause for why we want 
open solutions—whereas spe-
cific policies and practices will 
continue to evolve in a more 
customized manner, including 
specific solutions by field, re-
gion or institution as necessary.
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honest our assessments, the more accurate and honest our reform efforts can be, the easier 
these efforts will be to promote, and the more successful they will be.

6.	 Ethical and accountable. We need enforceable, community-developed/driven standards to 
ensure the integrity of journal publishing, repositories, and other related activities/products, and 
to ensure that unethical approaches are not embraced.

7.	 Common goal oriented. We must discuss and plan for what the future of scholarly com-
munication means, beyond just having access. For instance, we need to identify precisely what 
we plan to do with open information, where we will need data interoperability, what tools and 
procedures we will need to achieve this interoperability, and so on. By doing this, we focus on 
and strive for our community’s common goals.

8.	 Equitable. Researchers everywhere need to be able to access and contribute content to the 
global body of research information with minimal barriers. To the extent practicable, research 
information—particularly information central to life and health—should not be unreasonably 
constrained by issues such as high access and distribution costs,147 poor journal indexing, and 
a lack of capacity-building programs (e.g., programs that can help small, niche publishers in 
developing countries adopt best practices with regard to peer review, archiving, and so on).

9.	 Sustainable. Scholarly communication reform approaches need to be sustainable, which 
flows from all the other elements in this list. That is, the reform solutions we design need to be 
achievable, affordable, popular, effective, and so on.

10.	 Transparent. This community needs to maintain as much transparency as possible in this 
effort in order to address the trust issues that have plagued this space for so long.

11.	 Understandable and simple. This community needs to agree on a few simple, high-level, 
common-ground goals for scholarly communication reform—not anything specific with regard 
to publishing requirements, for example, but a general set of goals that are understandable, 
achievable, and adaptable. By setting out general goals that can be easily achieved, participa-
tion can be made simple and easy, with low barriers to entry.

12.	 Beneficial. In the end, these reforms need to benefit research first and foremost. While the 
argument to improve benefits to society is central, these benefits need to be matured carefully, 
deliberately, and realistically in order to ensure that societal benefits are indeed being conveyed 
as intended, and that research is not being harmed in the process.

So in other words, rather than trying to first reorient the philosophical framework for open before 
acting, RDA’s and OSI’s strategic approach has involved trying to realign policies and practices such 
that they lead to a new philosophical framework as a consequence. Once this philosophical frame-
work becomes better established over time, then building new open policies and practices in and on 
this framework will lead to even more solutions that are inclusive, diverse, and of common interest and 
common benefit to the future of open.

From a researcher perspective instead of a systems perspective, there are also strategic issues that 
need to be considered at the researcher level. It is important, for instance, for researchers to under-
stand what impacts their decision to publish openly will have on decisions earlier in the research 

147. We frequently focus just on the cost of accessing data, but the high costs for APC publishing and data sharing can also 
segregate researchers into producers and consumers of knowledge, depending on their financial situations.
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workflow that will enable actions like open data 
publication—from how data are organized and 
licensed to whether protocols are registered, 
open notebooks are maintained, marketable 
intellectual property is protected, and so on. 
This will require the research community to 
take a broader and longer-range view of their 
workflows than they are accustomed at present 
(Dallmeier 2017).

Similarly, the pursuit of open will require that 
researchers get out of the mindset that open-
ness simply means tacking on data as an after-
thought at the end of a scientific endeavor. In 
her 2018 Nature Physics article, “Open is not 
enough,” Xiaoli Chen (Chen 2018) and her co-authors note that in order to ensure reproducibility and 
reusability, data needs to be accompanied by software, workflows and explanations. Indeed, the entire 
research lifecycle process needs to be geared more toward the idea of “meshing seamlessly” with ex-
isting research procedures, “encouraging the pursuit of reusability as a natural part of researchers’ daily 
work.... In this way, the generated research products are more likely to be useful when shared openly.” 
The authors note that the CERN Analysis Preservation and reuse framework relies on three strategic 
pillars—that researchers:

1.	 Describe: Adequately describe and structure the knowledge behind a physics analysis in view 
of its future reuse. Describe all the assets of an analysis and track data provenance. Ensure suf-
ficient documentation and capture associated links;

2.	 Capture: Store information about the analysis input data, the analysis code and its dependen-
cies, the runtime computational environment and the analysis workflow steps, and any other 
necessary dependencies in a trusted digital repository; and

3.	 Reuse: Preserve analysis assets and computational workflows in the cloud to allow for their vali-
dation or execution with new sets of parameters to test new hypotheses.

“All of these services,” notes Chen, “developed through free and open source software, strive to enable 
FAIR compliant data and can be set up for other communities as they are implemented using flexible 
data models. For all these services, capturing and preserving data provenance has been a key design 
feature. Data provenance facilitates reproducibility and data sharing as it provides a formal model for 
describing published results.”

Chen summarizes CERN’s strategic guiding principles for open data as follows:

•	 Define your reproducibility goals

•	 Incorporate best practices early in your research

•	 Build on what is there

•	 Structure your knowledge

•	 Capture your content

•	 Capture your workflows

[R]ather than prescribing exactly what 
needs to be done in order to improve 
the future of open, RDA’s and OSI’s 
strategic approach has involved con-
structing a framework for dialogue and 
collaborative action. Building on this 
framework will lead to solutions that 
are inclusive, diverse, and focused on 
practice-based areas of common inter-
est and common benefit.
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•	 Raise awareness

•	 Embrace openness whenever possible

•	 Enable liberal and fair reuse.

TACTICAL NEEDS

The strategic framework is the global community’s general reason and pathway for action. Within 
this framework, specific “tactical” actions need to be taken to ensure that our lofty plans end up 
being more than just words. Many of these actions will be very specific in nature, others more 

general. Our tactical needs for developing the global future of open solutions can be grouped into sev-
eral key categories: discovery, education, researcher support, relationships, measures, infrastructure, 
agreements, and pilot policies. Each of these categories is vital and has its own ecosystem of actors 
and actions.

Discovery

While there has been a good deal of research into open over the last 20 years, considerable work re-
mains. There is still much we don’t understand, such as exactly which open solutions work best, where 
and why; what influence predatory publishing is having on the market, on science, and on author 
behavior; whether embargoes are financially necessary for publishers; what researchers really want 
and need (anticipating huge variation by field); the full scope of needs and challenges of researchers 
from developing countries; the unique needs and concerns of researchers in the arts, humanities and 
social sciences (“unique” in the sense that most reform policies and proposals for open research are 
STM-centric and don’t work well or at all outside of STM); and so much more.148 

To find these answers, we need to enlist the best of the best in the open research community—per-
haps chief among them Caroline Wagner, Jason Priem, Heather Piwowar, Eric Archambault, Mikael 
Laakso, Michael Mabe, Vincent Lariviére, Carol Tenopir and Rob Johnson.149 Unfortunately, there has 
been a great deal of research in this space that has been ideologically directed, justifying a predeter-
mined conclusion instead of evaluating facts, or that misinterprets the open space and assumes all 
open outcomes are the same. With regard to this second error pattern, these measurements of the 
open space fail to account for the diversity of outcomes and proclaim, for example, that open access is 
growing remarkably fast when in fact the only thing growing are the kinds of OA that “don’t count” be-
cause they are ideologically impure (see again Piwowar 2018 for a good overview of how fast different 
kinds of open are growing). Support for more research is needed, as well as for more solid research.

Education 

The open community has overestimated the degree to which researchers are informed and convinced 
about open solutions. There is, in fact, a great deal of misinformation and lack of information in this 
space which is hindering progress, as discussed earlier. In order to make more and faster progress on 
open reforms, our community needs to be better informed. 

148. See OSI’s Plan A (http://plan-a.world) for more detail on the kinds of knowledge gaps that exist and learning projects that 
can help close these gaps.
149. Apologies for not including more names on this list. There are probably at least a half-dozen others who belong here. 
The point is that not all open researchers are equally knowledgeable—some are more thoughtful, objective and rigorous than 
others.
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Researchers, funders and institutions need to learn more 
about open options and processes; policy makers need 
to learn more about the diversity and complexity of this 
issue; and people actively working in the open space need 
to learn more about each others’ work so they can find 
more ways to collaborate on achieving common goals. A 
broad learning effort is necessary on many levels to begin 
creating the open changes we seek. 

Our community also needs better systems for listening to 
stakeholder feedback, and for creating and adjusting to 
solutions accordingly. Of particular focus on the listening 
front, we need a clearer and more detailed understanding 
of exactly what researchers want and need, what they 
will use, and what we hope to accomplish with reforms so 
we can make sure to ask good questions, collect mean-
ingful information and pursue effective solutions.

Of course, many organizations have long contributed to this education effort—most notably university 
libraries. Often, however, the training provided focuses entirely on open access solutions, and only the 
version that adheres to narrow ideological definitions.150 University libraries in particular will be essen-
tial partners in the open solutions education effort, so it will be important to provide librarians with the 
background and training materials they will need. 

Researcher support

Different open solutions require different kinds of support; support also varies by field, region, open 
goals and more. Here, it’s important to understand the wide diversity of needs, and that one-size-fits-
all support solutions aren’t what we should endeavor to develop. As with any serious and successful 
undertaking, it’s important first and foremost to understand our market and our customer base.

This said, there is abundant literature available on the general kinds of support that should be made 
available in the open solutions space, and we can build on and adapt these observations. With respect 
to research publishing, for example, Wiley Publishing posits that the most important training needs of 
early career researchers includes language support, grant writing, manuscript preparation, peer review 
and deciding where to publish (Woodward 2017). “Language support” comes in at least two different 
forms—helping authors navigate the complexities of publishing their work in English (still the current 
lingua franca of science; companies like Editage/Cactus specialize in this kind of assistance),151 and 
supporting more translation work so science is available both internationally and to vital local audi-
ences. Investment in both kinds of linguistic support should be a priority component of research grant 
funding. 

The European Commission, in an extensive report assessing the support needs for open science (see 
EC 2017), has summarized these needs as follows—that institutions should: 

150. See, for example, the OA toolkit provided by the US Association of College and Research Libraries (ACRL) at https://acrl.
libguides.com/scholcomm/toolkit/openaccess. 
151. The lingua franca of science has changed over time from Latin to French to German, and now English. Is Chinese next? 
Looking at the global citation map of science, the US is still firmly in the center of highly cited research so it’s not likely that a 
switch from English will happen any time soon.

Researchers, funders and in-
stitutions need to learn more 
about open options and pro-
cesses; policy makers need to 
learn more about the diversity 
and complexity of this issue; 
and people actively working in 
the open space need to learn 
more about each others’ work 
so they can find ways to col-
laborate on achieving common 
goals. 
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•	 Provide the technical infrastructure for open science (like high-speed data centers, data 
repositories and virtual platforms);

•	 Provide the technical tools to facilitate researchers in doing open science (like software for 
data creation, storage, and sharing);

•	 Provide professional support staff for general and specialist support for researchers (like 
data stewards, IT technicians, data scientists, legal experts, discipline specific data managers 
and librarians);

•	 Implement and promote the use of data management plans in all research projects; 
and

•	 Ensure a legal framework is in place for the secure, legal, and ethical sharing of data.

FORCE-11 (in Cousijn 2018) notes that for open data, key needed areas of support are to:

•	 Revise editor training and advocacy material

•	 Revise reviewer training material

•	 Provide guidance on author responsibilities

•	 Specify a policy for data citation

•	 Ask authors for a Data Availability Statement (DAS)152

•	 Specify how to format data citations

•	 Provide guidance around suitable repositories

•	 Provide specific guidance on citing groups of datasets reused in meta-analyses, and

•	 Consider licensing formats and implications.

In her 2017 paper, “Connecting research data to work-
flow,” Sünje Dallmeier-Tiessen (et al) comes up with 
an equally helpful to-do list that would help support 
researchers in their efforts to make data more open, 
including: “Assignment of persistent identifiers (PIDs) to 
datasets, code, models etc; creation of metadata to sup-
port data citation and discovery; adoption of recognised 
metadata standards; data documentation e.g. describ-
ing data using both domain-relevant and generalised 
terminology so that others may understand how and 
why the data, code, models, etc were produced; link-
ing research data documentation to author PIDs (e.g. 
ORCID) and, where relevant grant information; linking 
research data documentation to other research products e.g. data management plan, data paper, jour-
nal article; technical review, e.g. describing cleaning, de-identification, or quality assurance; peer review 
of data, e.g. by researchers or by editorial reviewers. While many of these tasks have been researched 
and practiced for many years in the data preservation and open access repository communities, there 
have been few empirical studies of them in the data publishing context.” (Dallmeier 2017)

152. Data availability statements and data management plans play an important role because they make researchers think 
about data from the beginning of the research pipeline. There are great tools and resources online to help with this; data offi-
cers in academic settings can also provide training and assistance.

...it’s important to understand 
the wide diversity of needs, and 
that one-size-fits-all support 
solutions aren’t what we should 
endeavor to develop. As with any 
serious and successful undertak-
ing, it’s important first and fore-
most to understand your market 
and your customer base.
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Springer Nature’s 2018 survey of 7700 researchers from around the world (Stuart 2018) distills the 
support needs of researchers into a desire for support that makes open easier and more of a turnkey 
operation. Specifically, the survey concludes that “researchers’ efforts to archive, publish and share 
data continue to be hampered by time constraints and a lack of knowledge around data standards, 
metadata and curation expertise, repository options, and funder requirements. Subject and regional 
differences do exist, suggesting where targeted approaches may be helpful. But there are common 
global challenges that require concerted attention: the provision of more education and support for 
researchers, and faster, easier routes to sharing data optimally.” (Stuart 2018)

There’s a fascinating amount of detail here, as well as overlap. Clearly, many different groups have 
been thinking for a long time about how to support the growth of open solutions (and we haven’t even 
touched yet on support perspectives regarding open source, open government, and OER). Suffice it 
to say that researcher support is needed and essential. It’s also critical to remember when reviewing 
this variety of ideas and perspectives that the most workable, most detailed open solutions are going 
to continue to be developed by individual fields (and within these fields, specific research projects and 
groups),153 institutions, countries and regions. Understanding the diversity of needs and ideas in this 
space, then, can help us identify where we can construct broad support mechanisms for everyone (like 
education and infrastructure). This approach, along with trying to define the open solutions space, will 
ultimately provide much more effective support for the future of open than creating overly-detailed open 
solutions plans (for science, open access, open data, and so on) that may not be followed, and that may 
end up being largely inapplicable to the majority of real-world open efforts. 

The fundamental question for support, after all, as Vint Cerf posited at the OSI2017 meeting, is one of 
incentives (see OSI 2017a). How can open solutions of all kinds evolve because doing open is in our 
own best interest, not because we’re required to do open? Once we develop this understanding and 
construct (or allow the marketplace to construct) solutions that begin to better align incentives, then 
our job of providing support shifts from desperately encouraging a single seedling to grow through 
constant watering and care, to one of managing a gro-
cery store chain with thousands of locations worldwide.

Constructing a self-incentivized solution space will al-
low solutions to evolve that people want and need. And 
critically, these are the solutions that people will end up 
using. Use is key because the world already has plenty 
of ambitious knowledge sharing platforms that simply 
don’t contain enough data to be useful, and/or don’t get 
enough use to merit further investment.

For now, as a community, we need to support emerg-
ing open frameworks and their practitioners and cus-
tomers—developing best practice models, expanding 
education and training, making inroads into more data 
standards and reuse, and tackling big, real world chal-
lenges with our emerging capabilities. The key is to 
cultivate an ecosystem where we nurture and devel-
op solutions working together toward a world where 
open accomplishments not only happen but are clearly 

153. For instance, see the US Institute of Medicine’s 2015 plan to improve the sharing of clinical trials data—IOM 2015 and 
NASEM 2020. A great many other fields, networks and projects have specific (and not necessarily open) data sharing plans 
that fit their norms and needs, as discussed earlier.

Understanding the diversity of 
needs and ideas in this space 
can help us identify where we 
can construct broad support 
mechanisms for everyone.... This 
approach, along with trying to 
define the open solutions space, 
will ultimately provide much more 
effective support for the future 
of open than creating overly-de-
tailed open solutions plans...that 
no one will follow, and that will be 
largely inapplicable to the majori-
ty of real-world open efforts.
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benefiting all involved in a variety of ways (from better 
research to better policy to good profits). 

Relationships

There are many institutional, regional, and global ap-
proaches to open science, and a vast array of actors and 
stakeholders behind these actions. One of the easiest 
and most valuable “tactical” actions we can take to sup-
port a future of open is to build bridges between these 
existing ideas and efforts, build on our successes in this 
space, and learn from our lessons of experience. Indeed, 
community built and run mechanisms can offer consider-
able value, giving a voice to discipline-specific research-
ers in close collaboration with data professionals, and 
generate meaningful, actionable and useful outputs. It 
is fundamental to support these types of mechanisms. 
There are a few very successful organizations in this 
space already, like FORCE11, RDA, and NISO, whose 
work can be built upon and expanded.

It will be particularly worthwhile to approach this task with an eye toward finding common ground in 
the open solutions space. Most of the groups in this space from across the regional and stakeholder 
spectrum recognize and respond to many of the same challenges and issues. This commonality exists 
both within and between stakeholder groups. As a broad, global community, though, we have never 
taken time to work through our differing perspectives and identify specific ways we can work on these 
challenges and issues together, globally and at a high policy level.154 What are our common goals for 
the future of open writ large? What can we learn from open movements about what we’re trying to 
accomplish in academia and where do we ultimately want these efforts to lead us? Are there specific 
common ground solutions we can move forward with right away? Building on the common ground we 
have in this community, we have a better chance of developing the right detailed solutions together, in 
the right order, and for the right reasons, and these solutions will have a better chance of being adopt-
ed, sustained, and bearing fruit.

Measures

There are a great many “measures” the open community can implement (or at least continue working 
on together), from data standards to definitions to systemic issues like peer review and impact factor 
reform. To focus briefly on just a few of these, making more open databases compliant with FAIR stan-
dards will be important. So too will be implementing data citation standards in order help bring data 
out of the closet and make it into the first class research object the US National Academies of Science 
would like it to be.155 

154. There have been many instances of limited sharing and collaboration, but nothing approaching a global movement to 
work together. OSI conference delegates have done this kind of work—their ideas and perspectives are summarized in OSI’s 
Common Ground policy paper. These ideas and perspectives might be helpful seeds of a broader, global conversation.
155. As noted in Cousijn 2018, “Data citations are formal ways to ground the research findings in a manuscript upon their 
supporting evidence, when that evidence consists of externally archived datasets. They presume that the underlying data 
have been robustly archived in an appropriate long-term-persistent repository. This approach supersedes “Supplemental 
Data” as a home for article-associated datasets. It is designed to make data fully FAIR (Findable, Accessible, Interoperable and 
Reusable).” Publishers implementing data citation can provide domain-specific lists of acceptable repositories for this purpose, 
or guide authors to sites that maintain these lists.

Constructing a self-incentiv-
ized solution space will allow 
solutions to evolve that people 
want and need. And critical-
ly, these are the solutions that 
people will end up using. Use is 
key because the world already 
has plenty of ambitious knowl-
edge sharing platforms that 
simply don’t contain enough 
data to be useful, and/or don’t 
get enough use to merit further 
investment.
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Taking a closer look at data metrics is another approach. 
These metrics are an important indicator of impact by 
researchers and other stakeholders, second only to data 
citations, but they can’t currently fill this role due to the 
lack of standardization on how usage metrics should 
be created, collected and reported (Counter 2018). This 
said, doubling down on a code of practice for research 
data usage (and there is such a code)—while this does 
help data repositories better manage and demonstrate 
the value of research data—also creates yet another 
roadblock to making open data use simple (i.e., the detail 
and complexity is a disincentive). This is all the more rea-
son to think in terms of building infrastructure solutions 
like the All-Scholarship Repository (mentioned below) 
that make open data easy and rewarding.

Infrastructure

The global open community needs to invest more in 
infrastructure (particularly systems that are publicly owned, to the extent possible)—the technical 
systems, like data repositories, that are related to the access, use, stewardship and preservation of 
research information— in order to ensure the interoperability and long-term sustainability of these sys-
tems, and also to help encourage, achieve, sustain and monitor progress in this space.156 Our communi-
ty should develop these things together, and reasonably quickly, so reforms can be more easily adopt-
ed and the open landscape can be more quickly and easily improved and maintained. Accelerating the 
development and adoption of more domain-specific standards is another approach that can help improve 
the return on investment from these systems (which is to say, to help transform them from simple storage 
depots for information into a more dynamic spaces where this information is actively mined, transformed, 
and reused).157

Francine Berman’s take on open data infrastructure is worth noting here (see Berman 2020):

The problem of insufficient and inadequate data infrastructure is particularly pressing in the academic research com-
munity. Infrastructure used by researchers often has a comparatively small “market” of users compared with infra-
structure products and services in the private sector or targeted open-source efforts for commonly used programs 
and systems. Research data infrastructure is often developed and utilized by individual researchers, specific projects, 
or domain communities as a means to an end (new results, scholarly literature). Responsibility for its maintenance, 
upgrade, and support may be unclear or inconsistent. Researchers are incentivized to move on when their work 
evolves to focus on new results, often deprioritizing the maintenance and support of previously useful infrastructure.

Part of the difficulty in creating and maintaining research data infrastructure in academia is recognition and funding. 
Infrastructure often plays second fiddle to new exploration as a funding priority. It is challenging to obtain funding to 
maintain or improve infrastructure for the purpose of keeping it going or making it more useful to a larger user base. 
Moreover, while research results advance the reputation of researchers and their institutions (often leading to greater 
opportunities and funding), developing or maintaining effective working infrastructure rarely has this outcome. In the 
academic environment, this generally translates into less recognition and resources for the professionals who enable 
data-driven research than for their faculty research colleagues who conduct the research.

156. Noting that there are already a lot of infrastructure tools and services available, but these are fragmented. Our work 
should begin with a survey of existing tools across disciplines and an assessment of their merit and interoperability, gaps that 
need to be filled, priorities for filling these gaps, and so on.
157. A number of agencies have long been involved in this line of work as well, such as CODATA, Dryad, COAR, RDA and 
others.

As a broad, global community...
we have never taken the time 
to work through our differing 
perspectives and identify spe-
cific ways we can work on these 
challenges and issues together 
at scale. What are our common 
goals for the future of open? 
Can we learn from the open 
movement writ large what we’re 
trying to accomplish in aca-
demia and where we want this 
work to ultimately lead us? 
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These problems are exacerbated because what makes re-
search notable and what makes research infrastructure notable 
is exactly the opposite: Research is noteworthy for its success-
es; infrastructure development and deployment is noteworthy 
for its failures. You may not think about the fact that hot water 
is available in your building until the plumbing breaks or that 
your commute home is smooth unless there are potholes in the 
road. Research infrastructure for the access, use, stewardship 
and preservation of data is similar. Until data is corrupted, lost, 
unusable, or becomes inaccessible, support for the infra-
structure that delivered it, or what is needed to maintain and 
support it, may be deprioritized. In some cases, even the loss of 
data may do little to change priorities. 

Broad approaches like the European Open Science Cloud 
(EOSC) or ASR, discussed previously, are one possible ap-
proach to the infrastructure question, involving building new systems from scratch that try to address-
es many if not all research infrastructure shortcomings in one fell swoop. However, this “one database 
to rule all” approach isn’t discussed as often as other infrastructure solutions (or more accurately, really 
isn’t discussed at all at high levels), such as simply investing more in our existing infrastructure tools 
and systems (especially systems that can serve multiple needs and constituencies).

One important caveat to keep in mind with this discussion is access. Specifically, in order for infra-
structure solutions to bring value to everyone everywhere—instead of making the digital divide even 
worse—access to the Internet and to robust computing environments are needed. This access can be 
limited in low and middle-income countries, so we can’t talk about infrastructure solutions in a vacuum. 
We also need to consider how researchers are going to access these solutions and whether they will be 
able to benefit from them without also investing heavily in internet and hardware needs (Newton 2020). 

Agreements

Joint agreements, knowledge exchange, and transparent policies support the creation of open practices, 
reduce the reinvention of the wheel, and decrease the potential overlap of open efforts and investments. 
There are obviously a multitude of open solutions agreements currently in existence, many working 
at cross purposes, many focusing just on one aspect of open, many that are “exclusive” arrangements 
between a set group of participants, and so on. There are also many agreements that are simply state-
ments of purpose on what the future of open should look like—FAIR and DORA, for example.

While these agreements are an important part of the open landscape, their impact can be positive or 
negative—positive if they bring together diverse voices in search of common standards, for example, 
and negative if they divide stakeholders into camps of right and wrong, good and bad. Open access, 
open data and open source all have many of the former kinds of agreements; open access also has 
several of the latter. Open science, open government and OERs are more hybrid in nature, incorporat-
ing open access, source and data principles in a variety of ways. 

Adding even more agreements to the open solutions landscape is probably inevitable, including UN-
ESCO’s forthcoming open science recommendation. It would be preferable if these policy instruments 
could be more general and uplifting going forward, reflecting the vast diversity in this space and fo-
cusing on what the world hopes to achieve with open by working together. For instance, effective new 
agreements in this space might take the form of a Paris Climate Accord on open solutions, where broad 
global goals to increase open are set out without defining the specific means for doing so (attaching 
a specific and compelling reason for this openness will help, as noted; also, as with the Paris accords, 
subsequent rounds of negotiations can begin zeroing in on specific solutions).

Until data is corrupted, lost, 
unusable, or becomes inac-
cessible, support for the in-
frastructure that delivered it, 
or what is needed to maintain 
and support it, may be depri-
oritized. In some cases, even 
the loss of data may do little 
to change priorities.
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OSI’s general framework for these types of policies was noted previously (wherein it’s important that 
they be researcher focused, equitable, sustainable, and so on). The Research Data Alliance posits that 
constructive and structured dialogue with diverse and representative stakeholders is a requirement, 
with the goal of creating flexible and inclusive policy that enables choice and innovation. CERN’s gen-
eral guiding principles also align with OSI and RDA, advocating an approach that is goal-driven and 
best practice oriented. 

Pilot policies

Taking everything into account with regard to what an open solutions policy should look like and how it 
should develop strategically and tactically, one final important tactical step is to actually build and pilot 
a few such policies at the institutional level—not a global call to action of the sort UNESCO might issue, 
but a hands-on guide to implementing this kind of policy at universities and other research institutions. 
There are many ways to go about this task, of course. 
Ideally, such a product will develop from the ground up (as 
opposed to being mandated from the top down), bringing 
together existing efforts, addressing common goals, and 
responding to the needs and concerns of researchers. The 
steps involved in this process might look something like 
this:

1.	 Assemble a working team comprised of leaders 
who are fluent in all current open policies at a par-
ticular institution (for journals, data, code, OER, and 
other institutional matters—administrative data, 
funding, etc.).

2.	 Catalog all of the institution’s open policies.

3.	 Look for pluses and minuses—areas where 
openness is doing well, and where it is struggling;

4.	 Assess goals and needs: What common goals 
exist that can be built on? For instance, is there a common desire to better promote the work 
of university researchers and make this work freely available (at least inside the university)? 
Where would a common approach or common tools make sense or help? Where is more out-
reach, education and training needed? 

5.	 Pilot small, comprehensive solutions that focus on specific goals. For instance, such a 
goal might be to make all natural sciences research at an institution as open and integrated as 
possible. Design approaches that are broad, flexible, and turnkey, allowing researchers to easily 
comply without having to hire an attorney to interpret regulations or spend weeks cleaning their 
data first. Importantly, compliance should be clearly beneficial; the “incentives switch” needs to 
be flipped or else open will only grow as far and as fast as we push it.158 

158. These policies can be as simple as Harvard’s, requiring that some reasonable approximation of the final version of re-
search work be made open (still allowing for researchers to choose where they publish the final version of record). Or they can 
be more ambitious, providing clear paths and incentives for every kind of information artifact without labeling these as open 
access, open data, open government, and so on. Another significant pilot might involve funding an “open research” team at a 
university (perhaps serving just one department or field) that sits between the university and an ASR, and is responsible for 
ensuring that all research gets translated and preserved in an open format. This function of such a team is described in more 
detail in the ASR section of the annex.

Design a solution that is 
broad, flexible, and turnkey, 
allowing researchers to eas-
ily comply without having to 
hire an attorney to interpret 
regulations or spend weeks 
cleaning their data first.... This 
[solultion] should be clear-
ly beneficial; the incentives 
switch needs to be flipped or 
else open will only grow as far 
and as fast as we push it. 
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6.	 Improve upon and expand these solutions and practices over time based on a record 
of accomplishment and growing familiarity with open information needs and networks.

7.	 Be part of a global network of pilot open solutions programs, communicating regularly 
to compare best practices and lessons of experience.

This recommendation is all, unfortunately, still a bit too broad to be usable. The reality is going to be 
informed by each institution’s current state of open. Institutions without existing open policies will 
simply be able to adopt UNESCO’s new global open solutions policy as is. For institutions that already 
have robust open policies, “unwinding” these may not be feasible if too much financial and political 
capital has already been invested in describing exactly what open access means to that institution’s 
libraries and researchers. In this case, a “rider” policy approach may be needed. For example, this new 
global policy might acknowledge at the outset that even though a particular university adopting the new 
open solutions framework already has a suite of existing open policies, they are welcome to adapt this 
new global policy for use in their institution, whether by amending their existing policies or revising the 
UNESCO policy at the margins (with these margins specified so the core tenets remain unifying) so their 
research community can get the maximum benefit from these new global efforts. Whether an institution 
like Harvard would ever choose to do something like this depends on how the field of open solutions de-
velops. Best practices and lessons of experience may eventually give researchers and managers of these 
policies ample reasons to consider revisions. Even so, reevaluation isn’t the goal here, but embracing the 
diversity of open solutions and approaches and letting ourselves be guided by needs and evidence.

APPROACH

The 2019 “State of Open Data” report (Davies 2019) notes that we may currently be at a point 
in the evolution of open where we are beginning to think of open data less as a movement and 
more as a normative tool—that researchers now “perceive their role as someone who engages 

with open data as one tool among many.” This shift in perceptions is core to understanding the adjust-
ments we need to make in the years and decades ahead.

The same can be said of the open access movement. It has matured to the point where the solution 
space is robust and diverse, and most new articles are being published in some kind of open format. 
And yet there is still much ideological tension in the space, driven in large part by a persistent depiction 
that there is a “true” kind of open access and a “false” kind, rather than a spectrum of outcomes. 

Getting beyond this is key—letting researchers decide what kind of licensing works best for them, 
what kinds of journals, what kinds of peer review, and so on. Given time and space to experiment and 
evolve, the open access space will do well. If it is painted into a corner however, with regard to requir-
ing CC-BY licensing or requiring publication in certain kinds of journals, outcomes will likely continue 
to be suboptimal—possibly growing more slowly, but likely splitting into different paths, with different 
regimented outcomes for different regions and fields, which will affect the interoperability of these 
solutions as well as the window for creating policy that embraces diversity and nurtures common 
ground solutions.

This isn’t to say that libraries, funders and other stakeholders should avoid taking a leadership role in 
pushing for change, just that these efforts should be the starting point for conversation and not the 
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final word. Librarians instituting cost-cutting measures for their 
universities (like shifting from print to digital issues of journals) 
is entirely appropriate; librarians instituting reforms that also 
mandate how researchers university-wide (or even beyond) 
will be required to publish share their data is more problematic, 
at least in the absence of extensive planning and consultation 
involving the international research community (which has not 
occurred). Of course, since researchers are a diverse body, often 
with entrenched interests, waiting for them to arrive at a con-
sensus on what to do isn’t practical either, nor is expecting this 
body to have strong opinions about the future of open (which 
they generally don’t). But this engagement deficit is a challenge, 
not license to create sweeping reform policies without consulta-
tion, particularly when so many deep and different interests and 
concerns are affected. More effectively engaging researchers 
in this debate will be challenging but it is critically important. 
In the meantime, the frustrations are palpable on all sides. As 
one library leader in OSI noted, “Until [researchers] realize they have the ability to drive the bus, either 
someone else needs to drive it or it’s either not going anywhere or will only crawl forward slowly.”

The danger of miscalculation is real as well. To the extent that the many of the unilateral reform actions 
of governments, libraries and funders are ideologically-driven as opposed to evolving from engage-
ment with the research community, these actions will continue to create policy whiplash, where re-
searchers, publishers and funders don’t know what to do, researcher opinions are further marginalized, 
we get a “good enough” open environment instead of one that truly robust and incentivized, and the 
actions that sound brilliant today are roundly derided tomorrow.

APCs are one such case in point. OA2020 and Plan S were originally premised on shaky evidence 
showing that the world had plenty of resources to support a rapid transition from subscription pub-
lishing to an author-pays model. These two efforts developed a subscription and hybrid ban approach, 
only to soften this approach a few years later as evidence mounted that APCs were in fact poised to 
make the access situation worse in the developing world, not better, because most researchers outside 
of the US and EU simply can’t afford to pay US$2,200 and up to publish a journal article. 

The same may end up being true of PAR agreements, the latest flavor of the month OA solutions. 
These agreements work for the large, rich research institutions, but not for others who are excluded. 
The Matthew Effect kicks in—the rich get richer and the poor poorer.159

So, rather than being led by evidence and learning from the marketplace about what works and what 
doesn’t, the open access movement has been led instead by ideology, and the result has been an al-
most politically-charged dynamic where people are clearly working together on solutions, yet also hold 
wildly divergent ideas about right and wrong, and for the most part don’t really express these opinions 
(except for the advocacy leaders) because doing so exposes the deep ideological rifts in this space.160

In comparison to the soap opera that is open access, open science has been debating and devising 
practical open solutions that are needed and that work. Indeed, publishing industry guru David Wor-

159. Of course, one can argue that Plan S is in fact learning from the marketplace and adjusting accordingly. But this argu-
ment endorses an approach to policy making that is rooted in trying to make ill-considered ideology more palatable (in the 
vernacular, putting lipstick on a pig). Ideally, we should develop the right policies first rather than trying to dress up bad ones.
160. And this can get very uncomfortable. Look no further than Twitter to see how much cyber bullying happens in this space 
as a handful of open access advocates deride anyone whose opinion diverges from theirs.

...ideologically-driven (as 
opposed to evidence-driv-
en) actions will continue 
to create policy whiplash, 
where publishers and 
funders don’t know what 
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are further marginalized, 
and the actions that sound 
brilliant today are roundly 
derided tomorrow.
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lock predicts that as open science goes, so will go the 
future of open and of publishing. The urgent and high-
ly salient needs of open science—from rigorous peer 
review, to metrics and evaluation to data analysis, huge 
data files, quick scanning of papers via artificial intelli-
gence, and more—are driving many of the conversations 
we’re having about open reforms. He likens the search 
for open solutions to a game of musical chairs between 
the five big stakeholder groups—researchers, institutions, 
librarians, funders and publishers—where, when the 
music stops, someone is going to be left standing. We 
therefore need to construct our open science policies and 
strategies very carefully because these are going to have 
an outsize influence on the future of other open policies 
and scholarly communication stakeholders (Worlock 
2020).

As mentioned earlier, the open source movement has probably already reached an equilibrium point, 
where there is a robust mix of private and commercial involvement that leads to strong and integrat-
ed product development as well as a large ecosystem of user support and new product development. 
There is nothing policy makers can “do” on this front—open source already clearly belongs to the world.

Open government and OER policies, also as mentioned earlier, draw on and incorporate the experienc-
es and best practices of open access, open data and open source. Policies here will be greatly affected 
by what happens upstream—that is, if open access and open data policies become more internation-
ally streamlined, and particularly if the incentives of open become more self-evident, this will facilitate 
the more rapid adoption and deployment of useful and sustainable open government solutions, and a 
wider availability of OER resources of all kinds.

Understanding, then, that each open field on its own is evolving toward (or has already reached) a 
state where “openness” can be broadly interpreted; that open access publishing solutions increasing-
ly involve open data requirements; that open data and open source are already inseparable when it 
comes to large data sets; and that research-related open government and OER policies simply derive 
from best practices in open access, open data and open source; then what are the pros and cons of 
simply starting to think in terms of “open solutions?” On the pro side, integrating these conversations 
can help us integrate efforts and policies in ways that might dramatically and effectively accelerate the 
development and uptake of open policies. We might also be able to develop common language that can 
help facilitate the better communication of needs, processes and outcomes, and avoid one-size-fits-all 
approaches that try to shoehorn STM solutions into HSS settings or EU-centric payment schemes into 
regions of the world that can’t afford US$10,000 APCs.

On the con side, these different open efforts have developed their own specialized concerns and con-
stituencies over time. Would it make sense to anyone to try to lump free software definitions together 
with open access definitions? Probably not, although that needn’t be our approach. Each open pursuit at 
each research level should and will continue to be very diverse, but policy-wise, integrating these broad 
conversations can lead us to a more comprehensive understanding of open needs, and facilitate the 
recognition and development of common ground approaches to standards, infrastructure, sustainability 
and more. The open access, open data and open source communities can continue on as before, but at 
the UNESCO level, “open solutions” can be a new, comprehensive policy approach that recognizes these 
three tracks (along with open government and OER) are really all different verses from the same song, 
and are much more effective and meaningful when performed together.

...integrating these conver-
sations can help us integrate 
efforts and policies in ways 
that might dramatically and 
effectively accelerate the de-
velopment and uptake of open 
policies. We might also be able 
to develop common language 
that can help facilitate the bet-
ter communication of needs, 
processes and outcomes.
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Overall, the world may be ready to stop pushing specific technical 
and licensing regimes as our core objective for open, and instead 
let the debate move on to other narratives like “good data” or 
even, as we’re discussing here, common open solutions or com-
mon goals.161 Because there’s still a paucity of hard data showing 
the benefits and impact of open, though, and because the solution 
space is so diverse and fragmented, it’s going to be challenging to 
get a critical mass of participants on board with this approach, at 
least at first. One of the most effective approaches, then (as de-
scribed earlier in this report) may simply be to pick urgent problems 
and solve them—dispense with the ideology and practices altogeth-
er and start working with open solutions on common goals, and in 
doing so, prove the worth of openness, develop the appropriate best 
practices, and advance science, all in one fell swoop.

If we take this approach, there are three key barriers we need to 
overcome in designing a global “open solutions” approach to open:

1.	 Goals: Without common goals, the open solutions marching band is playing five different 
songs and marching in five different directions. UNESCO can help create an environment where 
we can begin working together on common ground toward common goals. Doing this will help 
orient this community’s actions in such a way that our efforts and solutions can have more 
overlap and orientation.

2.	 Standards: Without consistent standards and formats, open is just a jumble of information of 
little use to anyone, and prone to misinterpretation and misuse. We should focus our efforts first 
and foremost on what we want to do with open (point 1, goals), and secondly on what our data 
needs to look like in order to truly be useful and reusable. These are going to be field-level conver-
sations at first, but over time we can begin looking at interdisciplinary connections and standards.

3.	 Silos: At present, the world is creating all kinds of data silos. One risk here is that we’re making 
the open problem worse, not better. These silos operate under different licenses with different 
standards, both for operating and for the data they contain. Generally, they only communicate 
via metadata—a search across silos will pull in this metadata and give viewers a snapshot of 
what they’re searching for, but not a full-text or full-database search of the entire record. For this 
reason, broad ideas like EOSC and ASR (or their equivalents) should be given adequate policy 
attention.162

These are the three key barriers, but not the sum total of where we need to focus strategically and tac-
tically, as discussed earlier. They are simply the major roadblocks that we’re going to encounter, sooner 
or later, as we set forth on this journey. 

Of course, as we set forth, language will be another barrier, but it’s one we’re more likely to overcome 
without needing massive coordination and investment. Arguably, we’re at the cusp of a new era in 
research, matched only by the era that Francis Bacon tried to describe in the late 16th Century when 

161. The extensive analysis in Davies 2019 reaches this same conclusion (although not necessarily with regard to using an 
open solutions approach). Smith 2020 advocates the open solutions approach and also increased community engagement in 
the development of open policies. Both reports represent a synthesis of open research conducted over many years by Canada’s 
International Development Research Centre (IDRC).
162. Here again, this isn’t an endorsement of ASR, but of the need to explore the possibility of broad solutions.
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the new terms “science” and “discovery” were just 
emerging into the vocabulary and perceptions of soci-
ety, increasingly used but with no common definition. 
Then as now, there were vast similarities and overlap 
in usage and experience surrounding these terms, but 
also significant differences. And then as now, rec-
ognizing it’s all the same general endeavor was and 
is vitally important. It was key then to transforming 
science into what we recognize today as the pursuit 
of knowledge, and it’s key now to transforming open 
solutions into more than just the sum of their sepa-
rate parts. 

With one sustained and effective push that embraces 
and nurtures the diversity in this space, we can truly 
usher in a new era of discovery and transformation. 
This embrace of diversity is critical. We don’t know 
where this adventure will take us. It’s important that 
we not decide in advance that our destination is 
across town when it might well be across the uni-
verse.

Only after we’ve built the open solutions ship and set 
sail should we worry about how to promote it widely. 
Some of this promotion will need to take place in ad-
vance in order to socialize this approach globally, but 
once the effort is underway, growth will be organic: 
once enthusiasm and interest in the broader open 
solutions approach begins to build, this approach will 
sell itself.163 This principle is illustrated on the World 
Bank’s Open Data Toolkit page,164 showing how to 
kick-start the virtuous cycle of open data, where more 
(and better) data encourages more data uptake and 
innovation (apps, etc.), which in turn promotes more (and better) data. This same principle was enunci-
ated by OSI with regard to the emergence of an Open Renaissance, as discussed earlier. Once a global, 
inclusive effort is underway, it can advocate for actions like making data deposits simple (e.g., through 
EOSC), and working together on major challenges (e.g., starting with climate change).

Let’s illustrate the differences between this future world, on course to an Open Renaissance, with what 
would be required today if we were to try to mobilize scientists around the world to tackle climate change 
(beyond what the IPCC has been doing to gather data and make the case that climate change is actually 
happening). Such an effort would be (and has been) effectively impossible—requiring appeals to share 
information in formats that aren’t familiar (recalling that most researchers have never heard of terms like 
CC-BY, DORA and FAIR), using license formats that don’t inspire trust, and repository solutions that are 
as diverse as the data. Contrast this to an approach that sports a clear and unified goal, leaving aside all 
the details of exactly what can be shared and how it can be integrated (see next figure).

163. Assuming, of course, that enthusiasm and interest in this broader open solutions approach will actually begin to build. 
At this point we see plenty of evidence, including the perspectives and sentiments noted throughout this report, but we would 
need to assess this more carefully over time based on the global reaction to UNESCO promoting this idea more widely at the 
government level.
164. See http://opendatatoolkit.worldbank.org/en/demand.html
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This kind of approach grows through best practices and iteration. Left behind are all the questions 
about whose definition of open is correct, whose solutions are preferred, which standards are needed, 
what embargo period applies, what mix of paywalled and free content is needed, and on and on. Open 
is as open does. By dispensing with the debate and moving straight to action, we can let best practices 
and iteration sort out the details of what’s needed and what works, rather than first requiring global 
agreement on all these predicative elements, which is unlikely to happen anyway. We know that open 
is a spectrum of motives, outcomes and solutions. We can no sooner pick the “right” answers from this 
diversity than pick the right colors from the rainbow. Each is important, and each contributes to the 
greater whole. By focusing instead on the whole, we can find common ground for bold and needed 
action, and also create mechanisms by which our debates about best practices and requirements will 
settle themselves over time through more engagement from the research community.

The final recommendations from RDA’s 2014 Data Harvest Report are very much in line with this 
thinking, and while already six years old they are still very valid and relevant today. RDA’s recommen-
dations for the future of open data (and this is generalizable to all kinds of open solutions) are to:

1.	 Require a data plan, and show it is being implemented. We want a system to let re-
searchers around the globe gather, store, share, re-use, re-interpret and act upon each others’ 
data – a global digital commons for science.

2.	 Promote data literacy across society, from researcher to citizen. A massive pro-
gramme of human engineering will be needed—in professional training, general education and 
cultural attitudes. Data sharing provides the foundation for a new branch of science. It must be 
acknowledged as such, and ranked alongside other major disciplines. This means fundamental 
changes in the incentives, career paths and academic status of what has, hitherto, been a fairly 
low profile discipline. At the same time, data science needs more professional bodies, and inter-
nationally transferable qualifications. This is homework for university administrators, education 
ministries and learned societies. Training in the use, evaluation and responsible management of 
data needs to be embedded in curricula, across all subjects, from primary school to university.

3.	 Develop incentives and grants for data sharing. An informal estimate is that the infra-
structure and operation of a truly effective data sharing system could cost on the order of 5 per 
cent of total research budgets. Scaled up globally, it seems massive. But so, too, the economic 
return. Funding should come from both private and public sectors—and for that to happen, 
proper incentives will be needed, some financial, some institutional.

FIGURE 15: ADVERTISING THE FUTURE OF OPEN
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4.	 Develop tools and policies to build trust and data-sharing. For one scientist to share 
data with another, there must be trust. Forget for the moment all the technical details: Sharing 
is a human behavior, and one that only happens under the right conditions. People have to trust 
that, by sharing data with others, they will gain more than they lose.

5.	 Make sharing more turnkey. There are several ways to go about this. One is to look into 
repository reform, whether this means building or supporting the construction of a single global 
repository with a single set of standards, or vetting a list of recommended repositories for data 
sharing. Many publishers already maintain such a list. The Registry of Research Data Reposito-
ries165 is a full-scale resource of registered repositories across subject areas. Re3Data provides 
information on an array of criteria to help researchers identify the ones most suitable for their 
needs (licensing, certificates & standards, policy, etc.). 

6.	 Support international collaboration. This is a global effort. Collaboration within nations is 
important, but the biggest benefits will come from cross-fertilisation with other regions, cul-
tures and economic systems.

7.	 Don’t regulate what we don’t yet understand. One of the greatest risks in government is 
for politicians to act too soon. Until the world’s scientific community has more experience with 
the costs and benefits steps towards regulation should be seriously considered. Issues such as 
privacy and ethics should be handled in consultation with the data and scientific communities, 
as well as with society at large.

With regard to RDA’s recommendation number seven, we’ve already mentioned here how the APC 
flip approach has rapidly fallen into disfavor. Consider the recent history of the tech industry, as well, 
which has developed a number of “laws” over time to help better explain how information technology 
in the wild really develops, lest we think we’re smart enough to control it. Some of the laws that apply 
to the open solutions debate include:

•	 Amara’s Law (credited to scientist and futurist Roy Amara): This law states that “We tend to 
overestimate the effect of a technology in the short run and underestimate the effect in the long 
run.” 166 In this case, there is no shortage of hyperbole in the open advocacy world—proclama-
tions that open will result in better science, better access to science, and trickle down benefits 
for society. However, open solutions are only part of what’s needed to improve science and its 
impact. We also need to look at issues like research integrity, peer review, impact factors, and 
so much more—issues that intersect with open (which is to say that open solutions can help 
address some of these challenges), but for which open solutions alone aren’t sufficient. On the 
other end, “improve science” is probably a woeful underestimation of the power of open solu-
tions to change the world—to truly usher in an era where we can make new connections be-
tween disciplines, discover new cures and make new insights due to the vast merging of data, 
and create science that inspires public involvement and confidence in ways that we’ve never 
seen before. 

•	 Thackara’s Law: “If you put smart technology into a pointless product, the result will be a stu-
pid product.” In 2005, tech critic John Thackara noted the tendency of designers to incorporate 
technology into products just because they can without asking whether they should.167 We’re 

165. Re3Data, https://www.re3data.org
166. From Susan Ratcliffe, ed. 2016. Roy Amara 1925–2007, American futurologist. Oxford Essential Quotations. 1 (4th ed.). 
Oxford University Press. doi:10.1093/acref/9780191826719.001.0001.
167. See https://amzn.to/37kPWdR 
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doing the same thing with open solutions, trying to 
apply one-size-fits-all global solutions to research 
problems that don’t exist. For instance, yes, there 
is a compelling case for making critically need-
ed global health research more discoverable and 
interoperable. But does the same apply across all 
fields of research?168 We sometimes characterize 
the open challenge as the need to develop free and 
immediate access to all research everywhere, but 
in fact, as discussed at length in the first part of 
this report, there are actually many different mo-
tives for open and a staggering array of different 
open needs and methods that vary by field. What 
if we solve each of these open research challeng-
es on their own merits rather than trying to solve 
everything everywhere with one-size-fits-all solu-
tions? Broader, systemic solutions may evolve with 
time and experience—generalizable best practices, 
for instance. We can start by tackling the chal-
lenges that researchers and policy makers want to 
tackle and are ready to tackle and build from there. 

•	 Reed’s Law: “The Value of a Network Increases 
Dramatically When People Form Subgroups for 
Collaborations and Sharing.”169 In 1993, Robert 
Metcalfe postulated that the value of a network 
is proportional to the square of the number of users of the system (for example, two people 
with telephones can only make one connection, whereas more people with telephones can 
make many more connections—the growth is not linear). In 2001, computer scientist David 
Reed postulated that the number of possible connections is even larger than Metcalfe guessed 
because the reality of information sharing on the 
web is that people often share in groups, and these 
groups often share information as well. Reed’s Law 
helps explain why social networking sites work 
(“everyone’s on Facebook because everyone’s on 
Facebook.”). In the case of open solutions, as long 
as we’re looking at open as one-to-one transac-
tional sharing, we’re not envisioning the reality of 
how information is actually shared. We need to 
enable information sharing environments that allow 
diversity to take root, and that allow users and user 
groups to drive needs, solutions, and connections. 
In this kind of a robust and thriving environment, 
we’re much more likely to realize the full poten-
tial of open than by pursuing solutions that see 
“open” as an end state in itself—by fixating on 
requirements that simply make information open 
in a particular way instead of focusing on how that 
information will actually be shared and used.

168. “Yes” is an acceptable answer. But as noted in the first section, there are many different open motives and methods.
169. See David P. Reed. 2001. The Law of the Pack. Harvard Business Review. https://hbr.org/2001/02/the-law-of-the-pack

We know that open is a spec-
trum of motives, outcomes and 
solutions. We can no sooner 
pick the “right” answers from 
this diversity than pick the 
“right” colors from the rain-
bow. Each is important, and 
each contributes to the great-
er whole. By focusing instead 
on the “whole,” we can find 
common ground for bold and 
needed action, and also create 
mechanisms by which our de-
bates about best practices and 
requirements will settle them-
selves over time through more 
engagement from the research 
community.

We sometimes characterize 
the open challenge as the 
need to develop free and im-
mediate access to all research 
everywhere, but in fact, as 
discussed at length in the 
first part of this report, there 
are actually many different 
motives for open and a stag-
gering array of different open 
needs and methods that vary 
by field.
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•	 Matthew Effect: This principle stipulates that the rich get 
richer. It isn’t a tech-centric policy per se but it is applica-
ble in tech with regard to how better tech resources beget 
better outcomes, which lead back to better tech resourc-
es. In research, it is used to explain how top researchers 
accumulate more grant money and prestige and thereby 
maintain their status as top researchers and are hard 
to dethrone (Bol 2018). If our open reform efforts are 
created by the global north without adequate input and 
participation from all groups everywhere, then the open 
solutions we create and deploy are going to (and already 
doing so) favor those with more privilege. The richer 
countries will be able to fill open repositories with infor-
mation, which makes their information and perspective 
even more dominant than now; these privileged countries 
will also be able to afford to buy or create the processing 
facilities needed to make use of that open information.

Now, recall all these laws in the context of the history of the 
Internet. Who thinks it would have been wise in 1993 (when 
Metcalfe postulated that the value of a network is proportional to 
the square of the number of users) to regulate what the Internet 
should look like in the year 2020? In 1993, we were still strug-
gling with how and why to build websites. Microsoft Outlook and 
AOL had just been launched. And yet here we are now, laying the groundwork for widespread open 
solutions by prescribing exactly what rules this movement needs to follow across all regions and fields 

of study based on innocent guesses (like BOAI) made five, 10, 
and even 20 years ago, defining what inputs and outputs are 
acceptable, and what open itself means. There is no denying 
that we need best practices, standards and infrastructure—
these were essential to the growth of the Internet as well. But 
there’s a difference here, in that standards like html and TCP/
IP are to the web what solutions like EOSC and xml are to 
open—platforms and solutions where all open information can 
be easily accessible and commingle in any licensing format. Li-
censing is not the common denominator that will set open free. 
This said, licensing is valuable for ensuring the reusability of 
large scientific datasets, but it may be a bridge too far for now 
(remember Thackara’s Law) to also expect that all government 
datasets everywhere can be CC0 licensed, or that all history 
treatises henceforth need to be published in CC-BY format. We 
risk suffocating the enthusiasm for open, the potential uptake 
of open, and the diversity and inclusion of open, under a rigid 
and ill-fitting blanket of definition and regulation. 

The alternative approach we’re advocating here is to build a global framework—buttressed by educa-
tion, support, tools, incentives, and more—for making all information available and accessible to the ex-
tent possible. The easier we make compliance, and the more inclusive our effort, the more information 
we collect; the more information we collect, the more usable our open effort becomes and the more 
used it gets (kicking in Reed’s Law). And then, over time, as the benefits of this collaborative enter-
prise grow and become more apparent, the world of users will be self-incentivized to share in new 

Who thinks it would have 
been wise in 1993...to 
regulate what the Internet 
should look like in the year 
2020? ...We risk suffo-
cating the enthusiasm for 
open, the potential uptake 
of open, and the diversity 
and inclusion of open, un-
der a stiff, unimaginative 
and inflexible blanket of 
definition and regulation. 

If our open reform efforts 
are created by the global 
north without adequate 
input and participation 
from all groups every-
where, then the open 
solutions we create and 
deploy are going to (and 
already doing so) favor 
those with more privi-
lege. The richer countries 
will be able to fill open 
repositories with infor-
mation, which makes 
their information and 
perspective even more 
dominant than now
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and better ways that are most appropriate for their needs and goals. Eventually through this continued 
engagement and dialogue we get to Amara’s Law: There’s really no predicting what will come of this 
newly opened universe, except to predict that the benefits are likely to exceed anything we can predict.

In the conclusion to the “State of Open” report (Davies 2019), the authors echo these sentiments and 
also OSI’s conclusions (mentioned later in this section), wherein “the question now for the broad open 
data movement is how to scale up and sustain the stakeholder engagement, infrastructure building, gov-
ernance processes, capacity development, and cross-community networking that appear central to suc-
cessful long-term open data initiatives, while not losing sight of the value of simply making data available 
and progressively enhancing its usability and usefulness over time.” 

There are many paths that UNESCO can follow at this point:

1.	 Hold off on creating any new policies for now, 
but instead begin to convene the many orga-
nizations, ideas, and policy initiatives that already 
exist in this space. It may be best to unify this space 
behind collective action first instead of creating an 
entirely new policy framework and hoping others 
will follow.

2.	 Create a very simple and broad policy frame-
work for collaborative action—one that embrac-
es the diversity in this space and uplifts the global 
community to work together on the future of open. 
See Annex 1 for a draft UNESCO proclamation an-
nouncing this kind of approach.

3.	 Follow UNESCO’s open science roadmap rec-
ommendations, whether or not these adequately 
address the concerns expressed in this report and 
the diversity of open opinions inside UNESCO. Over 
time, engage with this policy from the inside to help 
modify it as needed.

4.	 Adopt OSI’s Plan A outright or as a blueprint for an eventual United Nations policy. 

Regarding this final point, OSI’s Plan A encapsulates recommendations that have emerged from OSI’s 
five-year-long examination of the scholarly communication landscape. Over this period, high-level 
experts among OSI’s participants have shared, analyzed, promoted, critiqued and debated a wide array 
of perspectives via conferences, meetings, reports, and email correspondence. 

Based on its five years of analysis, Plan A prescribes that, moving forward, the international communi-
ty should:

•	 Discover critical missing pieces of the open scholarship puzzle so we can design our open 
reforms more effectively;

•	 Design, build and deploy an array of much needed open infrastructure tools to help acceler-
ate the spread and adoption of open scholarship practices;

“...the question now for the 
broad open data movement is 
how to scale up and sustain 
the stakeholder engagement, 
infrastructure building, gov-
ernance processes, capacity 
development, and cross-com-
munity networking that ap-
pear central to successful 
long-term open data initia-
tives, while not losing sight 
of the value of simply making 
data available and progres-
sively enhancing its usability 
and usefulness over time.”
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•	 Work together on finding common ground perspective solutions that address key 
issues and concerns (see OSI’s Common Ground policy paper for more detail); and

•	 Redouble our collective efforts to educate and listen to the research community about 
open solutions, and in doing so design solutions that better meet the needs of research.

In pursuing these actions, the international community should:

•	 Work and contribute together (everyone, including publishers);

•	 Work on all pieces of the puzzle so we can clear a path for open to succeed;

•	 Discover missing pieces of information to ensure our efforts are evidence-based;

•	 Embrace diversity. No one group has a perfect understanding of the needs and challenges in 
this space, and different groups have different needs and challenges.

•	 Develop big picture agreement on the goals ahead and common ground approaches to 
meet these goals; and

•	 Help build UNESCO’s global open roadmap.

Plan A also recommends that the community’s work in this space be common-goal oriented, account-
able, equitable, sustainable, transparent, understandable, and responsive to the research community. 
With regard to this last point, our open solutions must be developed carefully and in close collaboration 
with the research community. By doing so, we will ensure that research is protected from rash and 
ill-considered reforms during this transition and that it is well-served by the outcome of our efforts.

Action steps

The specific action steps we need to take will vary widely by field because there are no one-size-fits-all 
solutions. Also, these steps will involve “layers” of action—some that are geared more generally toward 
improving the common ground of open solutions, and then very critically, other steps that are narrow-
ly tailored to address the specific needs and challenges of different kinds of research. These specific 
plans are critical to ensuring that our open efforts aren’t just pie-in-the-sky wishful thinking—we need 
to be able to connect our grand vision with the tough reality of implementation. This is akin to the so-
called “last mile” in networking. It’s one thing to build a nationwide 5G network, and quite another to 
ensure that consumers are able to use this network—to make connections to cell phones and homes 
that actually allow people to benefit. 

These action steps should be geared toward recognizing the vast interconnectedness of the open 
space, and also toward rearranging how we approach the future of open. That is, instead of pursuing 
myriad disconnected open policies, each seeking to address one small piece of the open universe, and 
then lamenting how these policies are inadequate, leaving many needs unaddressed, and even creat-
ing unexpected adverse outcomes, we can flip the script. As discussed earlier (recall Figures 8, 13 and 
14 showing how our open solutions efforts should flow from goals to actions instead of vice versa), 
let’s think first about our long-term goals and needs for open, then figure out how existing efforts and 
processes can knit together to meet these needs and goals, and finally, work together to fill in the gaps 
by building new systems and processes.
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To kick off this approach, beginning in mid-2021 the glob-
al open community should come together to build a strate-
gic framework for collaborative action on open—a general 
framework describing common ground perspectives and 
needs in this space and upon which common ground ac-
tions can move forward, as described earlier. This frame-
work will support many kinds of action as also described 
earlier in the “tactical” needs section of this report.

The timing of these subsequent actions will become 
clearer as the global open community develops more trust, 
more evidence, and a record of working together success-
fully. Timing will also depend on where we start—on what 
common ground we identify, what alliances we build, and 
how deeply torn we allow ourselves to become by policies 
that divide and conquer instead of unify and build—by 
Plan S and other approaches of this ilk that prosecute the 
case for open, versus collaborative approaches that learn 
and build together.

The actions that happen under this new global policy will 
speak louder than words. If a critical mass of governments, 
funders, institutions and researchers can come together behind an open solutions plan that is built 
on studies, infrastructure development, common ground work, and education/outreach; and if these 
groups can begin working together sooner rather than later on setting out the mileposts for this new 
path; and if such actions start to generate robust and measurable results, and start to develop effective 
and sustainable mechanisms for input, funding and growth; then this kind of policy approach will take 
root, and will gradually take the wind out of the sails for the prosecutorial approach. But if it doesn’t 
take root, it will just be seen by open advocates as an attempt to subvert “true” open efforts (again, 
going back to the ideological overtones of this debate). 

In order to avoid this fate, UNESCO should announce a broad alliance of partners in this policy at the 
same time the policy is announced—governments, funders, institutions and researchers—as well as a 
sustainable mechanism for management and support. None of this should be a difficult task or a high 
bar. Most governments, funders and institutions have not taken sides in this debate and are awaiting 
guidance; many have already worked with UNESCO on this issue over the years; and the time is right 
for action. Four months of consultations between March and June of 2021 might be sufficient to create 
a powerful initial list of signatories. Also, as we’ve discussed previously, most researchers already favor 
open solutions approaches that are broad and flexible.

A rough timeline for this work might look like this, assuming efforts can get underway in early 2021:

1.	 March-June 2021: Promote the open solutions approach amongst government policy makers 
and secure informal commitments for supporting this approach, including funding;

2.	 March-June 2021: In parallel, develop an organizational plan for this effort, including staffing 
and funding requirements, and accountability mechanisms;

...instead of pursuing myriad 
disconnected open policies, 
each seeking to address one 
small piece of the open uni-
verse, and then lamenting how 
these policies are inadequate...
we can flip the script.... [L]et’s 
think first about our long-term 
goals and needs for open, then 
figure out how existing efforts 
and processes can knit togeth-
er to meet these...and finally, 
work together to fill in the 
gaps by building new systems 
and processes.
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3.	 July-September 2021: Soft-launch this partnership and begin the process of identifying pri-
orities and specific action plans;

4.	 September-December 2021: Begin working on key action items (studies, infrastructure, 
etc.);

5.	 2022-2025: Generate a track record of success with a wide range of open solutions projects, 
reporting regularly to all member groups and to the non-member international community;

6.	 2026-2030: Take the next step in leading the global charge on major key issues in open—from 
open standards efforts to metrics, tenure reform, and globally-integrated repositories (or a sin-
gle ASR). Formalize global agreements that emerge from this robust working group; and

7.	 2031 and beyond: Usher in the Open Renaissance, and reap the rewards of a multitude of ac-
tions in this space that will be continually improving science and the value of science to society.

Parallel actions

Plan A also proposes that, in parallel to these main points of action, the open community should work 
together to improve the relevance of open solutions to researchers and society by:

•	 Picking a grand challenge like climate change and piloting an open solutions ap-
proach to solving it (but making this challenge narrow enough to benefit from this approach—
for instance, daylighting, integrating and promoting all academic, industrial and government 
research into the science and technology of large-scale carbon-dioxide and methane removal);

•	 Creating zero-embargo compassionate use access portals for patient families and for 
researchers combating health crises (whether through a new program or by strengthening and 
expanding the existing Emergency Access Initiative);

•	 Creating a more robust Research-4-Life program to improve access for lower-re-
sourced regions and institutions; and

•	 Considering how to modify current openness programs to improve researcher uptake 
and engagement.

Diversity and inclusion

Any narrowly tailored or one-size-fits-all approach is unlikely to succeed. Even just considering open 
science, an open future will necessarily need to be an inclusive movement that is informed and em-
powered by its vast diversity. This will lead knowledge and society to new discoveries and opportuni-
ties, globally and across all disciplines.

For open science, this broad vision includes:

•	 Fostering open science literacy through the development and promotion of open science 
curricula within educational programs, particularly ethics and AI (e.g., OS MOOCs);

•	 Growing open science support through the establishment of an assortment of open science 
roles throughout institutions (e.g., increased Dutch national support for open science);
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•	 Unpacking research papers and providing discovery and credit mechanisms for research 
objects/components including software, data, workflows, etc. (e.g., FAIR, SCHOLIX);

•	 Creating common assessment mechanisms to track open science progress (e.g., OA 
Monitor, OA Switchboard);

•	 Expanding funding and support for better connections between research and the pub-
lic (e.g., communicating science to public, citizen science);

•	 Broadening computational support for data processing and analysis-intensive re-
search (e.g., EOSC, Binder);

•	 Working in parallel to improve the integrity of science (through open peer review, in-
creased transparency, incentives/credits for reviewers, improving the quality of preprint ser-
vices, and more);

•	 Gathering lessons of experience from standards and approaches used in related fields and 
endeavors (e.g., Schema.org);

•	 Tending to the needs of open science culture via early career communities, and offering 
advancement opportunities (e.g., RDA early career, Carpentries training); and

•	 Continuing to think through national plans for open science (e.g., the US National 
Academies’ Open Science by Design, the European Commission on Open Science).

 
Our recommendation is for UNESCO to embrace the diversity of not just the open science space but 
the entire the open solutions spectrum. This ethos of diversity and inclusion is the foundation upon 
which a truly robust open future will be built.

Our greatest mistake as policy analysts and advisors would be to think we are smarter than this commu-
nity’s marketplace of ideas and outcomes, and recommend that UNESCO attempt to impose a rigid ideo-
logical order on this diverse and deeply complex landscape that could at best be ineffectual and at worst 
fracture the global solution space instead of unite it. Rather, we recommend a common-sense, collabora-
tive, experience-driven open solutions policy that unites the disparate elements in this space, listens to all 
communities, embraces diversity, nurtures growth and innovation, and leads the way to an Open Renais-
sance that will truly transform the future of our society’s relationship with knowledge. 

Indicators and dimensions

In the multilateral policy world, think of dimensions as the broad targets of reform, like education 
or health care, and indicators as the specific measures that show the progress of efforts to improve 
outcomes for that target—in the case of education, for example, years of schooling, attendance and 
literacy rates. Indicators and dimensions are keys to policy evaluation and a necessary part of policy 
development. However, they are also very easy to get wrong. Wrong indicators and dimensions can 
lead to wrong policies and outcomes. In an undertaking like ours where definitions are fluid and differ-
ent stakeholders have different goals, it’s almost inevitable that inventing indicators and dimensions 
to measure the current open solutions landscape will be both suspect and inaccurate. The future isn’t 
hopeless, of course. It may eventually help, for example, to visualize the range of open outputs along 
the DARTS spectrum, as described earlier in this report. Still, for now, it will be better if the open indi-
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cators the global community wants and needs evolve from the 
goals we set together. These indicators may end up being very 
narrow, focusing on how effectively we’re addressing a partic-
ular challenge in science or government, or how quickly books 
in the public domain are being digitized, or how widely popular 
software (like Wordpress) is being used. Or they may be dis-
cipline-specific, or measure progress by institution, region, or 
even globally. We simply won’t know until we first discuss our 
common goals and then develop the assessments we want and 
need to measure our progress toward these goals.

Outside this tight and relevant bubble there are a number of 
dimensions indirectly related to openness that also need to be 
assessed. These aren’t the dimensions we were looking for, but 
they are important nonetheless, including:

1.	 Forecasting the impact of the fracturing of the 
open solution space (as noted earlier in this re-
port). What if we don’t work together on the challeng-
es ahead? As noted in OSI’s Common Ground paper, 
continuing with our current go-it-alone approach may 
eventually result in competing regional solutions, where we end up with one open future for 
China, another for the EU, and still other futures for South America, Africa, and other regions, 
each working to solve their own unique concerns and perspectives. This approach may also 
force changes across diverse disciplines that may not work well (for example, open solutions 
that work in physics generally don’t work at all in history), causing researchers in some fields to 
lose interest in an open future. Or it may lead to unintended consequences that don’t necessari-
ly benefit research, again causing a drop in interest. A go-it-alone approach also fails to address 
the significant concerns in government offices around the world that there are intellectual prop-
erty and security ramifications of a vastly more open research world (see Poynder 2019)—not 
just sharing data freely but collaborating on research projects and even allowing certain foreign 
nationals to study at certain universities. Critically examining the impact of the current state of 

Source: Hampson 2018.

FIGURE 16: THE FUTURE OF OPEN (BAD VERSION)

Our greatest mistake as 
policy analysts and advi-
sors would be to think we 
are smarter than this com-
munity’s marketplace of 
ideas and outcomes, and 
recommend that UNESCO 
attempt to impose a rigid 
ideological order on this 
diverse and deeply complex 
landscape that could at best 
be ineffectual, and at worst 
fracture the global solution 
space instead of unite it.
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geopolitics on the future of open is a similarly important concern. Roger Schonfeld has written 
about what this means in terms of the ostracizing of China (Schonfeld 2020), as mentioned 
earlier in this report. Also worth noting are what impact rising nationalism in general might 
have on open attitudes, from the US to the UK to Brazil and elsewhere. As the world, and the 
academic world in particular, reels from the economic devastation of COVID, what impact will 
this have on how we view the imperative to share information funded by taxpayer dollars? Can 
we proactively address concerns like these by working together more effectively, or do we wait 
and react to future legislation that directs researchers to collaborate and share on the basis of 
nationality rather than merit? As noted earlier, there are larger, distinctly modern currents at 
work here that have the potential to utterly reshape our answers to the many questions posed 
by open research. If we work together, our ability as a community to deal with these currents 
will be informed, unified and strong. If we are a fractured community, however, where every 
country and stakeholder group is just in this for their own benefit and is pursuing their own na-
tional agenda and vision of the future, then there will be no bulwark against these nationalistic 
tides and the global effort to make research more open may suffer as a result.

2.	 Focusing more deeply on the current global inequities regarding access to knowl-
edge. Different regions of the world have markedly different needs and experiences with open 
solutions. While a global approach has its advantages, so too do local approaches that can 
target specific needs and shortcomings. More thinking is needed with regard to how well (or 
whether) a global open solutions approach might be able to specifically address regional and 
local inequities (compared and contrasted with current approaches). How can we better assess 
the differences that currently exist, as well as the impact of these differences, and also evaluate 
the impact that following different open roadmaps will have?

3.	 Situating these recommendations in the context of the UN’s Sustainable Develop-
ment Goals. An SDG integration analysis has already been conducted separately for open 
access, open data, open science, and open government (Digital Science 2019). What hasn’t 
been explored yet (and needs to be explored) is how a unified open solutions approach would 
interact with SDGs, and how to measure these interactions.

4.	 Resolving questions related to UNESCO’s internal decision making process with 
regard to open. It is imperative that the different sectors inside UNESCO which have been 
developing open policy speak with one voice. Otherwise, this internal difference of opinion will 
cause confusion worldwide: Should people believe UNESCO’s Natural Sciences sector about 
open science, or UNESCO’s Communication and Information (CI) Sector about open access? 
The open definitions and approaches of these two sectors are completely different. This conflict 
will also put OSI (which was appointed by the CI Sector in 2018 to serve as UNESCO’s open 
access advisory body, and also provided input into UNESCO’s open science policy development 
process) in an awkward position of publicly disavowing UNESCO’s open science policy, at min-
imum. On a related note, this report has also left unaddressed specifically what is needed for 
UNESCO’s various open programs to integrate and/or develop, and what role a strengthened 
UNESCO open solutions program can realistically play. 

5.	 Explicitly making connections between the many actors in the open space and 
identifying areas of common ground where they can begin working together. 
Some of these connections (mostly with regard to open access) are explored in OSI’s Common 
Ground paper (Hampson 2020) but much more work is needed in this regard. Specifically, 
as noted in this report, while it is helpful to think of the search for open information as a con-
stellation of unique circumstances that have four factors in common—needs, access, tensions 
and usability—it is also important from a policy development perspective (in order to facilitate 
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building bridges and making connections) to make a complete accounting of all the key actors, 
programs, policies and concepts used in open access, open data, open source, open science, 
open government, and OER, and understand how they overlap. A very rough list of the key ac-
tors, programs, policies and concepts is included in the annex section of this report. 

6.	 Understanding the full impact of SciHub on open usage patterns. SciHub continues to 
grow and thrive, and its continued use is affecting the open access and open science spheres 
in ways we don’t fully understand yet. Napster is a parallel to this situation, fundamentally 
changing the music industry in the late 1990s while the music industry sued over copyright 
infringement and failed to quickly adapt to modes of more easily sharing and downloading mu-
sic. Where is SciHub taking open access, can the publishing industry adapt, and what will (or 
should) the future of open access look like as a result?

7.	 Understanding the growth of predatory publishing and the impact of this practice on 
scholarly publishing. Like the advent of desktop publishing in the 1990s, the growth of open 
has created a market opportunity that is being exploited. But this growth is not even, and not 
regulated.170 There are a huge number of journals now that have fake credentials and publish any-
thing for a fee. How can this market be regulated to ensure that research isn’t damaged? Should it 
be regulated (and if so, by whom)? What impact are predatory journals having at present?

8.	 Detailing specific answers. This report has painted a broad picture of how our current open 
solutions and policies can be developed going forward. However, it doesn’t go into detail about 
exactly what these policies should look like. This is a deliberate omission. Solutions in the infor-
mation world need to emerge from community needs and innovation and not be imposed. This 
is why many of the current open solutions, particularly in open access, are so defective: These 
solutions weren’t developed by the user community, but for the user community. Solutions de-
veloped by the community might, for instance:

•	 be responsive to the long-running concerns about the highly unpopular CC-BY license.171 
Perhaps the community might recommend developing new licenses instead like CC-EDU, 
CC-STM or CC-HSS that address the needs and concerns of specific audiences while still 
working toward open goals;

•	 focus on a single repository solution like ASR or the equivalent—one turnkey location for all 
preprints and data managed by a new class of information managers worldwide (funded by 
a small overhead charge on all grant funding);

•	 recommend a massive shift toward preprints and overlay journals;

•	 focus more on making data a first class research object; and

•	 focus more on the potential for artificial intelligence to scour papers and provide summaries, 
leads and insights.

170. If it happens, this regulation might take many different forms. For instance, the US Federal Trade Commission ruled 
in 2019 that predatory publishing giant OMICS had deceived its customers and should refund their publishing fees (in the 
amount of US$50 million; see http://bit.ly/3ql3DRw). In 2018, India started cracking down on predatory publishers operating 
within its borders (see Priyadarshini 2018). Some other manner of regulation (perhaps in the form of some kind of accredita-
tion) that originates from universities, scholarly societies, or publishing associations might also be possible.
171. See, for example, Taylor & Francis 2019 for a recent survey of license popularity. Of course, there are some audiences 
who like the CC-BY license. But as with so many other policies in this space, the pushback against a one-size-fits-all licensing 
solution has more broadly led to a variety of workarounds like CC-BY-NC-ND, rather than a conversation about what open 
license features researchers want and need.
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Monitoring the solution space is important and needs to be part of UNESCO’s policy plan. 
However, this needs to be done in order to lay the groundwork for collaborative action on the 
future of open, not decide what this future will look like. Defining what the future will look like 
and then legislating options that restrict innovation and redirect investment will create barriers 
that in other eras would have prevented the invention of air travel, space exploration or nuclear 
energy.

We are, to a fault, incredibly bad at forecasting the future (how many of us are still using jet 
packs?). It’s infinitely preferable to set broad goals for the future, and then engage the power of 
researchers and society to reach these goals without specifying exactly how this needs to be 
done. This power of innovation is the magic sauce that no policy maker, however smart, talent-
ed, well-intentioned or educated, will ever be able to replicate.

CONCLUSION

To begin, let’s summarize this conversation in terms of the key objectives of this report. We’ve 
covered a lot of technical and philosophical ground, but our first priority is to ensure that we’ve 
clearly answered the key questions we set out to answer.

•	 The key findings (background & conceptual analysis) from this report, substantiated by 
a wealth of research from other scholars, revolve around the fact that openness doesn’t have a 
single or set definition. Open outcomes exist along a broad spectrum, and correspondingly, the 
definitions we apply to open and the open solutions we invent also vary quite widely. There is 
common ground, however, and working together on this common ground can help us come up 
with open solution approaches and policies that are much less disjointed than now and ulti-
mately more beneficial for the broader cause of open information.

•	 The key recommendation (steps UNESCO should take) from this report is that going 
forward, UNESCO should host and promote an open solutions approach that focuses on iden-
tifying and achieving our common goals from open—not just grand challenges like tackling 
climate change, but also more discrete common goals like improving science. This goal-based 
approach is based on a widely-used and well-developed model (Theory of Change), and built 
on the common ground that unites all open solutions and communities.

•	 The key assessments (needed indicators and dimensions) the global community 
needs with regard to open solutions will evolve from this goals-directed effort. These indicators 
and dimensions may end up being very narrow or discipline-specific, or may measure progress 
by institution, region, or even globally. We won’t know until we first discuss our common goals 
and our framework of action for achieving these goals, from which we will then be able to de-
velop the kind of assessments and tools we want and need. In the meantime, there are a num-
ber of assessments that aren’t directly related to openness that need to be considered, such as 
forecasting what impact the fracturing of the open solutions space will have; getting a better 
grasp on the scope and impact of current inequities with regard to knowledge access; mapping 
out the stakeholder space to understand explicitly where more and better connections can be 
made; understanding the impact of SciHub and predatory publishing on open usage; and other 
detailed concerns. .
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These are all very broad takeaways, of course, and for a complex topic like this, it’s important to under-
stand the full context from which they arise. The starting point is this: Increasingly, the entire suite of 
open solutions is merging into open policy discussions—open data, open source, open science, open 
government, open educational resources, and more. At the same time, aggressive open policies are 
paving the road ahead, and in the process, separating the policy landscape into winners, unintended 
consequences, and even losers. 

What is the best way to move forward on the future of open policy? As separate camps, each advocat-
ing their own narrow visions (which only work for narrow communities)? Or with a broad, inclusive vi-
sion that is motivated by shared goals and that works for all communities and for every open solution? 
UNESCO is championing a broad, open solutions approach that may become the new normal. Grow-
ing from a deep understanding of the global open landscape, across regions, fields, and stakeholder 
groups, and rooted in deep knowledge and experience rather than ideology, this approach can lead the 
world to a future of open that is without compare.

What does this approach look like and how does it fit in with the needs and perspectives of research-
ers, publishers, scholarly societies, universities, libraries, funders, and other stakeholder groups? How 
can we transition from our current straight-jacket mindset on openness to an approach that embraces 
the diversity of the open landscape and works for an open future that is imaginative, integrative, col-
laborative, and bold?

We’ve attempted to answer these questions in this report. The issues are complicated—we thank our 
readers for their investment in engaging with these complexities. In summary, it’s an understatement to 
note that the open solutions space is vast and diverse. This report has put forward recommendations 
that attempt to define this space, and also define the best policy framework for this space.

With regard to the former, there is significant overlap 
across open solutions—more than enough to merit think-
ing about these solutions as having a common orientation 
in terms of goals. Doing so will allow us to build on com-
mon ground, developing the philosophy, methods, action 
details and community bridges that will lead to the devel-
opment over time of robust, global and sustainable open 
policies. Our goals should not be to supplant various open 
solutions with one single definition, but to embrace the 
diversity in this space as a vibrant community of commit-
ted experts and invested stakeholders addressing a variety 
of needs with a continuum of solutions that are infinitely 
stronger when woven together than torn apart.

Many scholars agree that the way we approach open 
solutions in the future cannot be ideological, one-size-fits-
all answers imposed unilaterally on researchers around the 
world. Too many needs and perspectives exist for any one 
stakeholder group or institution, however well intentioned, 
to design solutions that have any chance of working glob-
ally and being adopted by researchers everywhere.

As Martin Paul Eve and Jonathan Gray note in their newly-released tome on open access (Eve 2020), 
“understandings drawn from a diverse set of geographic locations and histories are important for 
policymakers, for publishers, for academics, and for funders. Without such understandings, we become 

Many scholars agree that the 
way we approach open solu-
tions in the future cannot be 
ideological, one-size-fits-all 
answers imposed unilater-
ally on researchers around 
the world. Too many needs 
and perspectives exist for 
any one stakeholder group 
or institution, however well 
intentioned, to design solu-
tions that have any chance of 
working globally and being 
adopted by researchers ev-
erywhere.

OSI POLICY PERSPECTIVE 4: OPEN SOLUTIONS 106



trapped in repetitive loops, reinventing wheels, and lacking 
that most fundamental of activities for scholarly communica-
tion: communication itself.” 

Rather, the only way to truly move forward with open is to 
develop a broad and flexible policy framework that embrac-
es this diversity and can help guide the global community 
toward common goals, find answers to missing parts of the 
puzzle, build needed tools, and further support the com-
munity through education, training, and the development of 
standards and best practices. 

These kinds of common ground open solutions are not being 
sought today. It is true that some parts of our community 
are trying to develop broad solutions by working together 
in limited communities or with like-minded institutions. This 
constellation of community engagement is admirable and 
should be embraced and nurtured. At best, however, this 
engagement in its current form, without fully considering the 

needs and concerns of all stakeholders and regions of the world, will not lead to global open solutions 
that are well designed or sustainable.172 And at worst, some of these efforts, like Plan S, are leading to 
unilateral policy solutions being imposed by major regions or funders without broadly consulting the 
global stakeholder community or research community. This dynamic is diverting attention away from 
efforts that are more reflective of the global community, and creating tensions in this community that 
are going to be difficult to overcome.

The push for open solutions is not an existential challenge. The clock is ticking. We need to act to-
gether now on issues ranging from COVID research to climate change to food security, education, 
and developing economic opportunity and security for people everywhere. A neutral arbiter in the 
international space needs to champion this cause. UNESCO would be an outstanding choice for this 
task, provided it doesn’t first damage its credibility and the cause it is seeking to champion by unveil-
ing a forthcoming open science policy that is currently more ideological than practical, and provided 
that it works quickly to involve other interested multilaterals in this effort as well. This group of policy 
managers needs to speak with one voice if it’s going to be effective in the policy arena. Who does this 
matters. Legitimacy is key (does this organization have the necessary expertise, reach and gravitas for 
this task?), reinforced by neutral and objective management, significant and sustained funding, broad 
inclusion, and robust participation from the open community, particularly from researchers and re-
search institutions.

The future manager of our global open solutions policy needs to be all these things, just as this future 
open solutions policy needs to be more than just words. Creating a framework for open solutions, 
along with a framework for policy engagement through which diverse voices can be heard and com-
munity action can be pursued together, is necessary for our open actions and policies to truly embody 
the transformative impact we need them to have.

All of this activity in the open solutions space, of course, is taking place against the backdrop of broad-
er and deeper societal change. As society drifts toward ever greater expectations of openness and our 
technology demonstrates what can be done with open information, we also expect more openness 

172. Which is not to say that these engagements aren’t attempting to be inclusive, just that there is so very much to under-
stand.

A global open policy needs 
to be...more than just words. 
Without creating a frame-
work for open solutions 
along with a framework for 
policy engagement through 
which diverse voices can be 
heard and community action 
can be pursued together, our 
open actions and policies will 
not have the truly transfor-
mative impact we need them 
to have.
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from research and huge benefits from this openness. In response to these pressures, different fields, 
regions and institutions have been taking different approaches to openness, and globally, stakeholder 
groups have been buffeted to varying degrees by changes in open requirements and practices—fund-
ing agencies, researchers, publishers, universities, libraries and more.

These paths have been varied not just because of varying needs, but because openness itself is at once 
a philosophy, a practice and a goal, experiencing wide variation by field, region, and type of open. The 
challenge now is how to incorporate these philosophies into new information sharing norms. Devising 
an approach that embraces the diversity of opinions and definitions across research fields, regions, and 
different open solutions is critical for understanding open and arriving at recommendations that aren’t 
ideologically or philosophically wedded to one open field, solution or perspective. 

The caveat to all this chaos is that outside this mindset 
bubble, most researchers have never heard of SPARC, 
BOAI, FAIR, and every other acronym that is so common in 
this space. Likewise, most research, government policy and 
academic groups (outside of libraries) are decidedly un-
committed. They want solutions that will bring clarity and 
guidance, and are still waiting after 20 years of debate. 
UNESCO has an opportunity to provide this kind of guid-
ance now, but it needs to be realistic and future-oriented, 
not just a distillation of the same ideologically-grounded 
guidance that has already been heard and rejected.

The first step in getting there from here is to try to see 
the big picture—as this report has discussed, not only the 
overlap and parallels between open access, open data, 
open source, open science, open government and open 
educational resources, but also the broader policy pic-
ture and our broad, common goals for open from which 
we can then develop workable action plans and metrics. 
Our common ground policy foundation will have multiple, 
irregularly-shaped points of intersection on multiple points 
of common interest, including but not limited to: working 
together to get all research materials somewhere onto the 
DARTS open spectrum; working together to improve all open outcomes; working together to immedi-
ately improve access where it’s most needed; working together to improve our understanding of open 
and its associated standards; working together to identify and address urgent needs; building and 
piloting new open systems and policies; and looking beyond. 

What goals do we share? What challenges will we face along the way? What tools and systems 
should we build? To what end (specifically)? What role will artificial intelligence have in being able to 
synthesize research? What forms of research communication might be more efficient than articles in 
today’s research environment (the answer will differ from one field to the next)? 

How is all this different than our current approach? It’s different because at the moment there are no 
major policy instruments or initiatives in the open solutions space that incorporate a globally diverse 
set of views and perspectives across all major stakeholder groups and that are driven by shared and 
community-driven goals.173 Instead of relying on one-size-fits-all approaches and solutions to open 

173. Of course, some agencies and institutions have indeed been successful at integrating several open solutions approaches 

Transitioning to this envi-
ronment of collective under-
standing and action will take 
time and will involve robust 
and dedicated efforts. Creat-
ing UNESCO’s open solutions 
policy framework is only part 
of the solution. The first step 
will be for a critical mass of 
supporters in this community 
to stop thinking of the open 
solutions universe as some-
thing that belongs to any 
single institution, stakeholder 
or interest group.
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powered by ideology we can create an inclusive open movement that is informed and empowered by 
diversity and opportunity. 

If we can work together, then in due course we can reach an Open Renaissance where open is clearly 
defined and supported; open solutions are robust, inclusive, broad, scalable and sustainable; the global 
access gap is nonexistent; connected issues like impact factors are resolved; and more. After a time, 
this will lead to many other kinds of improvement for research, the research ecosystem will grow expo-
nentially more powerful, new fields and directions will emerge based on easier and more robust inter-
disciplinary work, funding efficiency will improve, and discovery will accelerate. The social impacts of 
research will surpass today’s levels, including improved literacy, public engagement, and public policy 
impact, with knowledge becoming more of a global public good, and society reaping the benefits.

To begin the path forward, we should agree that inclusive, effective, sustainable open solutions policies 
intended to benefit all researchers everywhere must be researcher-focused, collaborative, connected, 
diverse and flexible, informed, ethical and accountable, common-goal oriented, equitable, sustainable, 
transparent, understandable and simple, and beneficial to research—as noted earlier in this report. Our 
tactical approach will include activities like education, support, and building needed open infrastruc-
ture. All of these activities are vital and will have their own ecosystem of actors and actions.

Transitioning to this environment of collective understanding and action will take time and will involve 
robust and dedicated efforts. Creating UNESCO’s open solutions policy framework is only part of the 
solution. The first step will be for a critical mass of supporters in this community to stop thinking of 
the open solutions universe as something that belongs to any single institution, stakeholder or interest 
group. Instead, we need to see open solutions as a rich, brilliant, diverse universe of ideas, actors and 
actions that share a wealth of common ground. The sooner we embrace this diversity and stop arguing 
over definitions and ownership, the sooner we will be able to truly begin building the open future we 
need, and that is so nearly within our grasp.
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ANNEX 1: DRAFT UNESCO PROCLAMATION ON OPEN SOLUTIONS174

Preamble

Recognizing the urgency of addressing complex and interconnected environmental, social, health and 
economic challenges for the people and the planet;

Acknowledging the vital importance of factual information to respond to these challenges;

Committed to leaving no one behind with regard to access to factual information;

Recalling that one of the key functions of UNESCO is to maintain, increase and diffuse knowledge by 
encouraging cooperation among the nations in all branches of intellectual activity;

Recognizing the potential of open solutions to reduce existing global inequalities, accelerate progress 
toward needed solutions, and achieve the United Nations’ Sustainable Development Goals;

Further recognizing that open solutions have a wide variety of definitions, motivations, goals, and ad-
aptations that vary widely by field, region, and institution;

And taking fully into account, in the adoption and application of this recommendation, the great diver-
sity of laws, regulations and customs which will determine how this recommendation will ultimately be 
adopted, be it hereby resolved that Member States:

1.	 Adopt the following recommendation on open solutions;

2.	 Take appropriate steps to give effect within their jurisdictions to the principles of this recom-
mendation; and

3.	 Engage with UNESCO in the further development of the open solutions roadmap and action 
items at such dates and manner to be determined, in pursuance of this recommendation.

I. OBJECTIVE OF RECOMMENDATION

The objective of this Recommendation is to provide an international framework for open solutions pol-
icy and practice that recognizes the broad global diversity of open solutions actions and perspectives, 
and that also sets forward a roadmap for continued international engagement on open solutions and a 
growth in open solutions best practices, standards, and accomplishments. 

II. DEFINITION OF OPEN SOLUTIONS

Open solutions is an umbrella concept that is being used by UNESCO to describe various movements 
and practices variously aimed at making scientific knowledge, methods, data and evidence more 
available and accessible (particularly to researchers from lower resourced regions and institutions); 
increasing scientific collaboration and the potential from this collaboration; increasing the sharing of 

174. Much of the proposed language here is distilled and adapted from UNESCO’s draft recommendation on open science. 
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information of all kinds for the benefit of science and society; opening knowledge to societal actors 
beyond institutionalized communities; improving the reliability and factualness of information through 
increased transparency and replicability; and other similar motives. Not all open solutions practices 
share the same motives, nor the same goals, methods, actions or stakeholders. Additionally, a complex 
of intersecting and overlapping ‘open’ elements are generally involved in the conduct of open solu-
tions, including but not limited to open access (generally meaning users being able to gain free access 
to research reports published in science journals), open data (generally meaning that research data is 
licensed in such a way that it can be reused without permission), open source/code, open government, 
open educational resources, and more.

III. ROADMAP FOR ACTION

The roadmap of global action on open solutions adopted by Member States should itself be open and 
transparent, developed by Member States and the full international community of stakeholders, and 
respecting the wide diversity of needs and perspectives surrounding open solutions. At its core, UN-
ESCO, the United Nations, and UN Member States should avoid regulating what we don’t yet fully 
understand, or adopting one-size-fits-all solutions that may make open solutions adoption impossible 
for some, or making open solutions dynamics worse for developing countries. In general, our approach 
must be:

1.	 USER-FOCUSED. Open solutions tools, services and options must be developed with heavy 
input from the research community, with solutions and approaches driven by user needs and 
concerns;

2.	 COLLABORATIVE. Successful and sustainable solutions will require broad collaboration, not 
just to ensure that all perspectives are considered, but also to ensure there is broad ownership 
of ideas;

3.	 CONNECTED. There are a great many interconnected issues in the open solutions space. De-
veloping an effective future for open solutions will require a systemic approach;

4.	 DIVERSE AND FLEXIBLE. There are no one-size-fits-all solutions to open solutions reform. 
Instead, there are many different pathways to reform, likely including many that have not yet 
been conceived or deployed. Diversity, creativity and flexibility in this undertaking should be 
paramount, at the same time noting that common ground actions will be critical;

5.	 INFORMED. We need a better understanding of key issues in open solutions before moving 
forward. The more accurate and honest our assessments, the more accurate and honest our 
reform efforts can be, the easier these efforts will be to promote, and the more successful they 
will be;

6.	 ETHICAL AND ACCOUNTABLE. We need enforceable, community-developed standards to 
ensure the integrity of publishing, archiving, and other related activities and products, and to 
ensure that unethical approaches are not embraced;

7.	 COMMON GOAL ORIENTED. We must discuss and plan for what the future of open solutions 
means, beyond just having easier access to information, including defining what we plan to 
do with open information, where we need data interoperability, what tools and procedures we 
need to achieve this interoperability, and more. By doing this, we can better focus on and strive 
for our community’s common goals;
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8.	 EQUITABLE. People everywhere need to be able to access and contribute content to the global 
body of research information with minimal barriers. To the extent practicable, information—par-
ticularly information central to life and health—should not be unreasonably constrained by is-
sues such as high access costs, poor journal indexing, and a lack of capacity-building programs;

9.	 SUSTAINABLE. Open solutions reform approaches need to be sustainable, which flows from all 
the other elements in this list. The reform solutions we design need to be achievable, affordable, 
popular, effective, and otherwise maintainable over the long term;

10.	TRANSPARENT. The global community needs to maintain as much transparency as possible in 
this effort (with regard to pricing, usage, ownership, and so on) in order to maintain trust in this 
effort;

11.	UNDERSTANDABLE AND SIMPLE. The global community needs to agree on high-level, com-
mon-ground goals for open solutions reform—a general set of goals that are understandable, 
achievable, and adaptable. By setting out general goals that can be easily achieved, participa-
tion can be made simple and easy, with low barriers to entry.

12.	BENEFICIAL. In the end, these reforms need to benefit research first and foremost. While the 
argument to improve benefits to society is central, these benefits need to be matured carefully, 
deliberately, and realistically in order to ensure that societal benefits are indeed being conveyed 
as intended, and that research is not being harmed in the process.

IV. AREAS OF ACTION

With this roadmap for action in mind, the four general areas of action that should be supported by 
Member States are to:

1.	 DISCOVER critical missing pieces of the open solutions puzzle so we can design our reforms 
more effectively;

2.	 DESIGN, build and deploy an array of much needed open infrastructure tools to help accelerate 
the spread and adoption of open solutions practices;

3.	 WORK TOGETHER on finding common ground perspective solutions that address key issues 
and concerns; and

4.	 EDUCATE and listen to the research community about open solutions, and in doing so design 
solutions that better meet the needs of research.

To the extent possible and at a more detailed level, Member States are also recommended to pursue 
these 10 specific areas of action, taking into account their individual political, administrative and legal 
contexts:

1.	 PROMOTE a common understanding of open solutions as defined in this recommendation 
within the scientific community and among the different open solutions actors at the institution-
al, national and regional levels;

2.	 ENSURE that public research funders require open solutions practices and that all information 
outputs from publicly funded efforts are as open as possible, and only as closed as necessary;
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3.	 EMBRACE and combine the efforts of the many different actors in the open solutions space, 
including research funders, universities, journals, and scientific journals;

4.	 ENGAGE the private sector in discussion about the ways in which the scope of open solutions 
principles and priorities can be enlarged and mutually shared;

5.	 DEVELOP or encourage policies, including those at the institutional and national levels, that are 
supportive of a transition to open solutions. This includes but is not limited to helping establish 
regional and international funding mechanisms for promoting and strengthening open solu-
tions; supporting the creation and maintenance of effective collaborative networks to exchange 
best open solutions practices and policies; promoting cooperation among countries in capacity 
building for data management and stewardship; and investing in open solutions infrastructure 
and services;

6.	 COMBAT the practice of predatory publishing, wherein ‘fake’ publishers publish anything for a 
fee regardless of merit and without adequate gatekeeping mechanisms in place, and in doing 
so corrupt the global body of factual information;

7.	 REVIEW research assessment and career evaluation systems in order to align them with the 
principles of open solutions;

8.	 LEARN more about the open solutions space by helping fund additional studies and fact-find-
ing efforts as needed to ensure that open solutions efforts are fully informed and optimally 
effective and efficient;

9.	 COLLABORATE on finding solutions to urgent science-based challenges such as climate 
change, medical research and food security. Demonstrating the value of open solutions collab-
oration efforts will advance the cause of open solutions while at the same time providing an 
urgently needed service to humankind;

10.	ENTRUST UNESCO with the mission to coordinate, in consultation with stakeholders and 
Member States, the development and adoption of an evolving and detailed global framework 
for action on open solutions, which will guide and stimulate international cooperation to ad-
vance open solutions for the benefit of humankind and planetary sustainability.

V. MONITORING

Member States should, according to their specific conditions, governing structures and constitutional 
provisions, monitor policies and mechanisms related to open solutions using a combination of quan-
titative and qualitative approaches, as appropriate. The UNESCO-established coordinating body, in a 
mechanism to be determined, will collect these statistics and share them with Member States.

.
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ANNEX 2: THE INTERNATIONAL OPEN DATA CHARTER

The Open Data Charter has been signed by 22 countries, 55 local and regional governments, and 68 
non-state organizations around the world. The charter is non-binding. While the focus of this char-
ter is on open government, it specifically tackles the data that governments generate. The charter, at 
present, doesn’t make specific mention of open access or open science. See https://opendatacharter.
net/principles/ for more details.

PREAMBLE

Open data is digital data that is made available with the technical and legal characteristics necessary 
for it to be freely used, reused, and redistributed by anyone, anytime, anywhere.

1.	 The world is witnessing a significant global transformation, facilitated by technology and digital 
media, and fueled by data and information. This transformation has enormous potential to 
foster more transparent, accountable, efficient, responsive, and effective governments and civil 
society and private sector organizations, and to support the design, delivery, and assessment 
of sustainable development goals at a global scale.

Open data is at the center of this global shift.

2.	 Building a more prosperous, equitable, and just society requires that governments are trans-
parent and accountable, and that they engage regularly and meaningfully with citizens. Ac-
cordingly, there is an ongoing global data revolution that seeks to advance collaboration around 
key social challenges, provide effective public oversight of government activities, and support 
innovation, sustainable economic development, and the creation and expansion of effective, 
efficient public policies and programs.

Open data is crucial to meeting these objectives.

3.	 Open data enables governments, citizens, and civil society and private sector organizations 
to make better informed decisions. Effective and timely access to data helps individuals and 
organizations develop new insights and innovative ideas that can generate social and economic 
benefits, improving the lives of people around the world.

Open data presents an opportunity that must be seized.

4.	 Open data allows user to compare, combine, and follow the connections among different 
datasets, tracing data across a number of programs and sectors. When data can be effectively 
combined and compared, it can help highlight trends, identify social and economic challenges 
and inequities, and benchmark progress in public programs and services.

5.	 Open data can empower governments, citizens, and civil society and private sector organiza-
tions to work toward better outcomes for public services in areas such as health, education, 
public safety, environmental protection, human rights, and natural disasters.

6.	 Open data can contribute to the generation of inclusive economic growth by supporting the 
creation and strengthening of new markets, enterprises, and jobs. These benefits can multiply 
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as more civil society and private sector organizations adopt good open data practices and share 
their own data with the public.

7.	 Open data can help improve the flow of information within and among governments, and make 
government decisions and processes more transparent. Increased transparency promotes ac-
countability and good governance, enhances public debate, and helps combat corruption.

8.	 Open data presents opportunities to provide innovative, evidence-based policy solutions and 
support economic benefits and social development for all members of society. Open data can 
do this by, for example:

•	 Supporting evidence-based policy making: Encouraging governments’ use of data in 
policy development and evidence-based decision-making, which enables improved pub-
lic policy outcomes and underpins sustainable economic and social development;

•	 Enabling cross-sector collaboration: Supporting collaboration among governments, citi-
zens, and civil society and private sector organizations on the design of policies and the 
delivery of better public services;

•	 Following the money: Showing how and where public money is spent, which incentiviz-
es governments to demonstrate that they are using public money effectively;

•	 Improving governance of natural resources: Increasing awareness about how countries’ 
natural resources are used, how extractives revenues are spent, and how land is trans-
acted and managed;

•	 Monitoring impact: Supporting assessments of the impact of public programs, which in 
turn allows governments and civil society and private sector organizations to respond 
more effectively to the particular needs of local communities.

•	 Promoting equitable growth: Supporting sustainable and inclusive growth through the 
creation and strengthening of markets, enterprises, and jobs;

•	 Geolocating data: Providing geospatial and earth observation references, which support 
comparability and interoperability and effective analysis by allowing data to be layered 
geographically; and

•	 Improved decision-making: Enabling citizens to make better informed choices about the 
services they receive and the service standards they should expect.

When used in these ways, open data is a key public good which people can use to generate 
value, insights, ideas, and services to create a better world for all.

9.	 We, the adherents to the International Open Data Charter, recognize that governments and 
other public sector organizations hold vast amounts of data that may be of interest to citizens, 
and that this data is an underused resource. Opening up government data can encourage the 
building of more interconnected societies that better meet the needs of our citizens and allow 
innovation, justice, transparency, and prosperity to flourish, all while ensuring civic participation 
in public decisions and accountability for governments.
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10.	We therefore agree to follow a set of six principles that will be the foundation for access to data 
and for the release and use of data. These principles mandate that data should be:

1.	 Open by Default

2.	 Timely and Comprehensive

3.	 Accessible and Usable

4.	 Comparable and Interoperable

5.	 For Improved Governance and Citizen Engagement

6.	 For Inclusive Development and Innovation

11.	We will develop action plans or identify existing mechanisms or policies in support of the imple-
mentation of the Charter principles and associated resources. We agree to commit the neces-
sary resources to work within our political and legal frameworks to implement these principles 
in accordance with the technical best practices and time frames set out in our action plans.

12.	This Charter has been developed with a view to adoption by governments of all levels and by 
multilateral institutions. While the focus of the Charter is on open government data, other orga-
nizations, such as those from civil society or the private sector, are also welcome to adopt these 
principles.

PRINCIPLE 1: OPEN BY DEFAULT

13.	We recognize that the term “government data” includes, but is not limited to, data held by na-
tional, regional, local, and city governments, international governmental bodies, and other types 
of institutions in the wider public sector. The term government data could also apply to data 
created for governments by external organizations, and data of significant benefit to the public 
that is held by external organizations and related to government programs and services (e.g. 
data on extractives entities, data on transportation infrastructure, etc.).

14.	We recognize that free access to, and subsequent use of, government data is of significant val-
ue to society and the economy, and that government data should, therefore, be open by default.

15.	We acknowledge the need to promote the global development and adoption of resources, stan-
dards, and policies for the creation, use, exchange, and harmonization of open data.

16.	We recognize that open data can only be unlocked when citizens are confident that open data 
will not compromise their right to privacy, and that citizens have the right to influence the col-
lection and use of their own personal data or of data generated as a result of their interactions 
with governments.

17.	We will

a.	 Develop and adopt policies and practices to ensure that all government data is made 
open by default, as outlined in this Charter, while recognizing that there are legitimate 
reasons why some data cannot be released;

b.	 Provide clear justifications as to why certain data cannot be released;
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c.	 Establish a culture of openness, not only through legislative and policy measures, but 
also with the help of training and awareness programs, tools, guidelines, and communi-
cation strategies designed to make government, civil society, and private sector repre-
sentatives aware of the benefits of open data;

d.	 Develop the leadership, management, oversight, performance incentives, and internal 
communication policies necessary to enable this transition to a culture of openness in all 
government departments and agencies, including official statistics organizations;

e.	 Observe domestic laws and internationally recognized standards, in particular those 
pertaining to security, privacy, confidentiality, and intellectual property. Where relevant 
legislation or regulations do not exist or are out of date, they will be created and/or up-
dated; and

f.	 In accordance with privacy legislation and standards, anonymize data prior to its publi-
cation, ensuring that sensitive, personally-identifiable data is removed.

PRINCIPLE 2: TIMELY AND COMPREHENSIVE

18.	We recognize that it may require time and human and technical resources to identify data for 
release or publication.

19.	We recognize the importance of consulting with data users, including citizens, other govern-
ments, and civil society and private sector organizations to identify which data to prioritize for 
release and/or improvement.

20.	We recognize that in order to be valuable to governments, citizens, and civil society and private 
sector organizations, data must be comprehensive, accurate, and of high quality.

21.	We will

a.	 Create, maintain, and share public, comprehensive lists of data holdings to support 
meaningful consultations around data prioritization, publication, and release dates;

b.	 Release high-quality open data in a timely manner, without undue delay. Data will be 
comprehensive and accurate, and released in accordance with prioritization that is 
informed by consultations with open data users, including citizens, other governments, 
and civil society and private sector organizations;

c.	 To the extent possible, release data in its original, unmodified form, and link data to any 
relevant guidance, documentation, visualizations, or analyses;

d.	 To the extent possible, release data that is disaggregated to the lowest levels of admin-
istration, including disaggregation by gender, age, income, and other categories;

e.	 Allow users to provide feedback, and continue to make revisions to ensure data quality 
is improved as necessary;

f.	 Apply consistent information lifecycle management practices, and ensure historical cop-
ies of datasets are preserved, archived, and kept accessible as long as they retain value;
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g.	 Consult data users on significant changes to the structure or supply of data in order to 
minimize the impact to users that have created tools based on open data; and

h.	 Be transparent about our own data collection, standards, and publishing processes by 
documenting these processes online.

PRINCIPLE 3: ACCESSIBLE AND USABLE

22.	We recognize that opening up data enables governments, citizens, and civil society and private 
sector organizations to make better informed decisions.

23.	We recognize that when open data is released, it should be easily discoverable and accessible, 
and made available without bureaucratic or administrative barriers, which can deter people 
from accessing the data.

24.	We will:

a.	 Publish data on a central portal, so that open data is easily discoverable and accessible 
in one place;

b.	 Release data in open formats to ensure that the data is available to the widest range of 
users to find, access, and use. In many cases, this will include providing data in multiple, 
standardized formats, so that it can be processed by computers and used by people;

c.	 Release data free of charge, under an open and unrestrictive licence;

d.	 Release data without mandatory registration, allowing users to choose to download 
data without being required to identify themselves; and

e.	 Ensure data can be accessed and used effectively by the widest range of users. This 
may require the creation of initiatives to raise awareness of open data, promote data 
literacy, build capacity for effective use of open data, and ensure citizen, community, and 
civil society and private sector representatives have the tools and resources they need to 
effectively understand how public resources are used.

PRINCIPLE 4: COMPARABLE AND INTEROPERABLE

25.	We recognize that in order to be most effective and useful, data should be easy to compare 
within and between sectors, across geographic locations, and over time.

26.	We recognize that data should be presented in structured and standardized formats to support 
interoperability, traceability, and effective reuse.

27.	We will:

a.	 Implement consistent, open standards related to data formats, interoperability, structure, 
and common identifiers when collecting and publishing data;

b.	 Ensure that open datasets include consistent core metadata and are made available in 
human- and machine-readable formats;
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c.	 Ensure that data is fully described, that all documentation accompanying data under-
stand the source, strengths, weaknesses, and analytical limitations of the data;

d.	 Engage with domestic and international standards bodies and other standard- set-
ting initiatives to encourage increased interoperability between existing international 
standards, support the creation of common, global data standards where they do not 
already exist, and ensure that any new data standards we create are, to the greatest 
extent possible, interoperable with existing standards; and

e.	 Map local standards and identifiers to emerging globally agreed standards and share the 
results publicly.

PRINCIPLE 5: FOR IMPROVED GOVERNANCE AND CITIZEN ENGAGEMENT

28.	We recognize that the release of open data strengthens the governance of and trust in our 
public institutions, reinforces governments’ obligation to respect the rule of law, and provides a 
transparent and accountable foundation to improve decision-making and enhance the provision 
of public services.

29.	We recognize that open data encourages better development, implementation, and assessment 
of programs and policies to meet the needs of our citizens, and enables civic participation and 
better informed engagement between governments and citizens.

30.	We recognize that engagement and consultation with citizens and civil society and private 
sector organizations can help governments understand which types of data are in high demand, 
and, in turn, can lead to improved data prioritization, release, and standardization practices.

31.	We recognize that city or local governments are often the first point of interaction between cit-
izens and government, and that these governments therefore have a crucial role in supporting 
citizen engagement on open data.

32.	We will:

a.	 Implement oversight and review processes to report regularly to the public on the prog-
ress and impact of our open data initiatives;

b.	 Ensure that information published as a result of transparency or anticorruption laws is 
released as open data;

c.	 Provide training programs, tools, and guidelines designed to ensure government em-
ployees are capable of using open data effectively in policy development processes;

d.	 Engage with the Freedom of Information / Access to Information / Right to Information 
community to align the proactive release of open data with governments’ obligation to 
release information on request;

e.	 Engage proactively with citizens and civil society and private sector representatives to 
determine what data they need to effectively hold governments accountable;
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f.	 Respect citizens’ right to freedom of expression by protecting those who use open data 
to identify corruption or criticize governments; and

g.	 Encourage the use of open data to develop innovative, evidence-based policy solutions 
that benefit all members of society, as well as empower marginalized communities.

PRINCIPLE 6: FOR INCLUSIVE DEVELOPMENT AND INNOVATION

33.	We recognize the importance of openness in stimulating creativity and innovation. The more 
governments, citizens, and civil society and private sector organizations use open data, the 
greater the social and economic benefits that will be generated. This is true for government, 
commercial, and non-commercial uses.

34.	We recognize that open data can help to identify social and economic challenges, and monitor 
and deliver sustainable development programs. Open data can also help meet global challenges 
such as poverty, hunger, climate change, and inequality.

35.	We recognize that open data is, by its nature, an equitable resource that empowers all people 
by allowing them to access data regardless of who they are or where they live. However, we 
also recognize the existence of a global digital divide in regard to technological tools and exper-
tise; this divide limits the ability of socially and economically marginalized people to access and 
use open data.

36.	We recognize the role of governments in promoting innovation and sustainable development 
does not end with the release of open data. Governments must also play an active role in sup-
porting the effective and innovative reuse of open data, and ensuring government employees, 
citizens, and civil society and private sector organizations have the data they need and the tools 
and resources to understand and use that data effectively.

37.	We will:

a.	 Encourage citizens, civil society and private sector organizations, and multilateral insti-
tutions to open up data created and collected by them in order to move toward a richer 
open data ecosystem with multiple sources of open data;

b.	 Create or explore potential partnerships between governments and with civil society 
and private sector organizations and multilateral institutions to support the release of 
open data and maximize the impact of data through effective use;

c.	 Create or support programs and initiatives that foster the development or co-creation of 
datasets, visualizations, applications, and other tools based on open data;

d.	 Engage with schools and post-secondary education institutions to support increased 
open data research and to incorporate data literacy into educational curricula;

e.	 Conduct or support research on the social and economic impacts of open data;

f.	 Build capacity and share technical expertise and experience with other governments 
and international organizations around the world, ensuring that everyone can reap the 
benefits of open data; and
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g.	 Empower a future generation of data innovators inside and outside government by 
building capacity and encouraging developers, entrepreneurs, civil society and private 
sector organizations, academics, media representatives, government employees, and 
other users to unlock the value of open data.
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ANNEX 3: THE ALL-SCHOLARSHIP REPOSITORY

 
As noted in the text, most broad approaches to the future of open solutions are still in the realm of sci-
ence fiction in this community’s policy debates. Still, at the risk of detracting from the credibility of this 
report, it’s important to note that these broad approaches have purpose and appeal (see, for example, 
the sentiments expressed in NASEM 2020 and NIH 2020), even if the exact solutions are still elu-
sive. In principle, one such approach 
would be to build something akin 
to an “All-Scholarship Repository” 
(ASR). An ASR approach would 
replace the thousands of government 
and institutional repositories current-
ly in use with one ultra-high function-
ing repository—a single Amazon for 
all things research—and would also 
simplify the flow of research informa-
tion. All information—not necessarily 
in research paper format but in all 
kinds of reporting formats—would 
simply be deposited into ASR and 
picked up from there by publishers 
and other researchers. This informa-
tion dump would be analogous to 
simply filing information on a com-
puter, but in an organized and stan-
dardized way. Identifying the most 
salient information and developing 
it for audiences would be a separate 
process left mostly to publishers, 
researchers, and research commu-
nication teams, who would troll this 
massive database for content.

In this sort of information ecosystem, new opportunities and challenges would emerge for publishers 
as more and more innovation and competition developed around identifying and developing the best 
content from the ASR for audiences and also developing the most compelling interfaces that provide 
the most value for audiences. Some public interfaces would certainly be free, but competitive new 
interfaces supported by ad and subscription revenue would also likely emerge. In addition to providing 
premium content (e.g., peer reviewed, formatted and edited, supplemented by interactive databases 
and research connection services, etc.) these publishers would have a strong, valuable and viable pres-
ence in the research publishing world, but they would not be gateways to the raw information itself. 
Much like Internet news today, anyone would be able to find out anything, but the most consumed and 
trusted information would still be curated, fact-checked, and come from reliable sources.

The core database for ASR would be structured like the Digital Public Library of America, where every 
institution, publisher, discipline, subject and author would be able to design their own user interface 
drawing from the same common information base. Every institution would be able to adjust content 
permissions as needed for now, but the long-term aim would be to figure out how to release more and 
more existing repository content to the public over time, and to enhance existing content with data and 
other value (such as commentary, “impact” ratings, research connections, researcher databases and 
more).
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In order for ASR to reach its full potential, it would need to be surrounded by a new communications 
capacity in research institutions. Otherwise, the task of publishing data to the ASR and maintaining 
this resource would be untenable. These research communication teams would bear the primary re-
sponsibility for maintaining ASR, and over time they might also eventually perform functions such as 
standardizing data prior to publishing, connecting research, and liaising with publishers, policymakers, 
educators and the public, thereby relieving researchers of these communication responsibilities (many 
of which are new) and also improving participation in and sustainability of these important functions 
(over time, the ASR team itself will also develop these capacities, especially to assist communication 
teams with their work). 

Once ASR becomes fully functioning, it would be a deep resource for researchers and publishers. With 
a massive, connected database of research information, new disciplines and industries would emerge 
to try to connect the dots. “Peering” experts would be needed—a new class of scientists would look 
for and develop connections within and between research—as well as experts who would take on the 
heady task of standardizing data within and between fields.

ASR would eliminate a host of bottlenecks in the current scholarly publishing system, and simultane-
ously address a number of contentious and even seemingly intractable cultural issues, all while keep-
ing existing stakeholders at the table, and also spurring discovery and innovation as researchers from 
institutions, business, and the public begin digging through and connecting research in ways that have 
never been possible before.
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ANNEX 4: DRAFT MARKETING PLAN FOR UNESCO’S 
OPEN SOLUTIONS POLICY

One of the deliverables for this policy paper is to offer a draft marketing plan for UNESCO’s open 
solutions policy. This paper is going to fall short in this regard in a useful, meaningful sense because a 
marketing plan presumes that the agency in question is fully behind the content. It’s not clear whether 
this is the case here at the moment. Once this commitment is clearer, the marketing plan can be clearer 
as well—the author team would be happy to revisit this question. As it currently stands, a marketing 
plan for this proposal would be rather convoluted, looking something like this:

1.	 Compete publicly with UNESCO’s Open Science policy: Unfortunately, unless UNES-
CO’s nascent Open Science policy becomes more aligned with its Open Solutions vision, there’s 
going to be internal conflict and division, as well as external messaging problems. Something 
will have to give. Ideally, that something will be that UNESCO’s open science policy comes more 
in line with UNESCO’s open access and open solutions thinking, which has been 20 years in 
the making and has benefited from many years of input, conversation and reflection. If there is 
no alignment, then depending on the internal will and resources of UNESCO, different divisions 
will be promoting different, competing visions for the future of open. This “competition” creates 
uncertain messaging dynamics. That is, should the open solutions proposal be aimed directly at 
researchers and bypass policy audiences? Should it be critical of the open science plan? Should 
it try to carve out a separate policy space altogether (that is, let the open science plan stand as 
is and offer the open solutions approach as a next generation policy geared more toward global 
involvement and action)?

2.	 Advertise the Open Solutions policy: Do this through a broad array of activities and medi-
ums, including:

a.	 A new open solutions website

b.	 A second, more authoritative version of this paper, with forwards written by prominent 
scholars and endorsements from major governments and agencies

c.	 An outreach campaign directed at researchers, universities and funders, describing this 
vision (based on widely circulated short videos and infographics)

d.	 A new series of fact gathering efforts, not geared toward deciding what to do but to-
ward understanding the specific challenges that need to be addressed and finding areas 
of common ground and action

3.	 Take action: This policy will not stand on its own without also aggressively working on im-
proving how we do open. UNESCO should take the lead in helping the world develop “easy 
open” solutions and “bold open” actions:

a.	 New guidelines to streamline open publishing and data deposits

b.	 More flexible approaches to open
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c.	 Leadership on using open the attack urgent crisis such as COVID and climate change

The dynamics of this plan are also going to be affected by:

1.	 Buy-in: If UNESCO can get a slew of high profile organizations and governments to “endorse” 
its open solutions approach, marketing it will be easier. Boilerplate policies and marketing/out-
reach materials can be developed for signatories so they can spread the word through their 
own networks.

2.	 Turnkey success stories: Flowing from buy-in, adoption will beget more adoption as this 
approach develops more momentum and adoption examples and best practices.

3.	 Budget: If UNESCO can commit a significant budget toward advertising and action, then dy-
namics 1 and 2 will be accelerated. If the budget commitment isn’t vigorous, the only “weight” 
in this conversation would come from the fact that UNESCO is behind this effort—not insignifi-
cant, but also not sufficient in itself to draw enough attention to guarantee success.

These factors considered, then, the recommended marketing approach for this policy is as follows, in 
this order of priority:

1.	 Figure out where UNESCO stands: Which course of action does UNESCO want to pursue? 
A global policy alignment course? Adopting OSI’s Plan A? Creating an open science policy plus 
an open solutions policy? It isn’t possible to even begin the conversation about how to market a 
policy without knowing what it is and in what context it will be pursued. 

2.	 Figure out what UNESCO is willing to do to push the ball forward: Will this be a build 
it and move on effort, or does UNESCO plan to stay at the center? The former approach just 
means marketing a concept. The latter means marketing both marketing a concept and leading 
and developing a vision, rallying everyone under the UNESCO banner. The first task is simple 
and low-budget; the second is complex and long-term and requires strategically thinking about 
UNESCO’s long-term budget commitment to this effort, not just for marketing but for product 
development, convening conversations and overseeing policy development efforts, and general 
thought leadership in this space.

3.	 Mobilize resources both internally and globally: Depending on the direction and scale 
of the ambition here, the lift could be enormous and require a significant and long-term invest-
ment of resources. UNESCO would be wise, therefore, to engage as many governments as 
possible to help support this effort through whatever mechanism can be long-term sustainable. 
For example, IFC’s Technical Assistance and Trust Fund vehicle allows for different countries to 
pool resources together for financing set objectives.

4.	 Act quickly, realistically and collaboratively: The open space is evolving quickly. A 
worst-case outcome would be for UNESCO to take years to finalize a course of action and 
years more to get started working in an arrangement that was bureaucratic and unresponsive 
to market conditions. Whatever mechanism is created needs to be light, nimble, inclusive and 
accountable—able to work quickly and effectively with all stakeholders and develop solutions 
that work well and quickly with maximum flexibility and minimal burden. Anything overly rigid 
or burdensome would be viewed as nothing more than another Plan S, and would not be likely 
to attract participants and attention.
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ANNEX 5: COMMON LICENSE TYPES

There isn’t a lot of overlap in license types between open data, open source and open access. The 
following licenses are generally the most commonly used. Not all are “optimally” open, or even open at 
all (like copyright); in these cases, however, information isn’t necessarily hidden, just restricted in some 
sense (in terms of reuse, for example). Open government and OER are not listed here because they use 
these licenses below, depending on whether they are making text or data available.

LICENSE TYPE OPEN 
SOURCE

OPEN 
DATA

OPEN  
ACCESS

Apache License 2.0 (Apache-2.0) X   

3-clause BSD license (BSD-3-Clause) X   

2-clause BSD license (BSD-2-Clause) X   

GNU General Public License (GPL) X   

GNU Lesser General Public License (LGPL) X   

GNU Free Documentation License (GFLD) X X  

MIT license (MIT) X   

Mozilla Public License 2.0 (MPL-2.0) X   

Common Development and Distribution License 1.0 (CDDL-1.0) X   

Eclipse Public License 2.0 (EPL-2.0) X   

Public domain  X  

Creative Commons Zero (CC-0)  X  

Creative Commons BY (CC-BY)  X X

Creative Commons BY-SA (CC-BY-SA)  X X

Creative Commons BY-NC  X X

Creative Commons BY-NC-ND   X

Creative Commons BY-NC-SA  X X

Copyright held by author   X

Copyright held by publisher   X

Open Data Commons Public Domain Dedication and License (PPDL)  X  

Community Data License Agreement – Permissive (CDLA), Version 1.0  X  

Community Data License Agreement (CDLA)– Sharing, Version 1.0  X  

Open Data Commons Open Database (ODC-ODbL) License  X  

Open Data Commons Attribution License (ODC-BY)  X  

No license specified X X X

 
Sources:
https://opensource.org/licenses/category
https://help.data.world/hc/en-us/articles/115006114287-Common-license-types-for-datasets
https://resources.data.gov/open-licenses/
https://opendatacommons.org/licenses/
https://creativecommons.org/about/cclicenses/

OSI POLICY PERSPECTIVE 4: OPEN SOLUTIONS 133

https://opensource.org/licenses/Apache-2.0
https://opensource.org/licenses/BSD-3-Clause
https://opensource.org/licenses/BSD-2-Clause
https://opensource.org/licenses/gpl-license
https://opensource.org/licenses/lgpl-license
https://opensource.org/licenses/MIT
https://opensource.org/licenses/MPL-2.0
https://opensource.org/licenses/CDDL-1.0
https://opensource.org/licenses/EPL-2.0
https://open
https://creativecommons.org/about/cclicenses/


ANNEX 6: OPEN DATA WEBSITES BY SECTOR/TOPIC

OPEN GOVERNMENT DATA (SMALL SAMPLE)

SECTOR WEBSITE

Agriculture The USDA National Farmers Market Directory
Agriculture U.K. Department of Agriculture and Rural Development
Budgets & Public Finance WB Open Budgets
Budgets & Public Finance OpenSpending
Budgets & Public Finance International Budget Partnership
Budgets & Public Finance The International Aid Transparency Initiative (IATI)
Budgets & Public Finance U.S. IRS Tax Statistics
Education Ed Data Inventory
Education MyData Office of Educational Technology
Education CheckMySchool
Energy & Extractive Industries Extractive Industries Transparency Initiative
Energy & Extractive Industries U.S. Department of Energy
Energy & Extractive Industries Enel Open Data - Largest power company in Italy
Environment Open Climate Data
Environment Fuel Economy Data, U.S. Environmental Protection Agency
Environment New York City Environment Open Data
Geospatial OpenStreetMap
Geospatial Haiti Data geospatial information
Health The U.S. Department of Health & Human Services
Health Agency for Healthcare Research & Quality (AHRQ) Databases on healthcare cost 

& utilization in the U.S.
Health WB Health Data
Information & Communication Tech-
nologies (ICT)

Australian ICT Open Datasets

Transport OpenPlans
Transport European Public Sector Information Platform: Transport
Water Global water database

Source: http://opendatatoolkit.worldbank.org/en/essentials.html#uses

OPEN SCIENCE DATA (SMALL SAMPLE)

FIELD OPEN ARRAGEMENT
BIOLOGY: NUCLEIC ACID SEQUENCE  

DNA DataBank of Japan (DDBJ) view FAIRsharing entry
European Nucleotide Archive (ENA) view FAIRsharing entry
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http://search.ams.usda.gov/farmersmarkets/
http://www.dardni.gov.uk/index/statistics.htm
http://wbi.worldbank.org/wbi/content/wbi-supporting-open-budgets
http://www.openspending.org/
http://www.internationalbudget.org/
http://www.aidtransparency.net/
http://www.irs.gov/uac/Tax-Stats-2
http://datainventory.ed.gov/
http://www.ed.gov/edblogs/technology/mydata/
http://www.checkmyschool.org/main-page
http://eiti.org/countries
http://energy.gov/data/downloads/open-data-catalogue
http://data.enel.com/
http://data.worldbank.org/data-catalog/climate-change
http://www.fueleconomy.gov/feg/download.shtml
https://data.cityofnewyork.us/data?cat=environment
http://www.openstreetmap.org/
http://haitidata.org/
http://www.healthdata.gov/
http://www.hcup-us.ahrq.gov/databases.jsp
http://www.hcup-us.ahrq.gov/databases.jsp
http://data.worldbank.org/topic/health
http://data.gov.au/data/?category=Information-communications-technologies
http://www.openplans.org/
http://epsiplatform.eu/transport
http://map.mwater.co/
http://www.ddbj.nig.ac.jp/
http://www.fairsharing.org/biodbcore-000027
http://www.ebi.ac.uk/ena/
http://www.fairsharing.org/biodbcore-000310


GenBank view FAIRsharing entry
dbSNP view FAIRsharing entry
European Variation Archive (EVA) view FAIRsharing entry
dbVar view FAIRsharing entry
MGnify view FAIRsharing entry
NCBI Trace Archive view FAIRsharing entry
NCBI Sequence Read Archive (SRA) view FAIRsharing entry
NCBI Assembly  

BIOLOGY: PROTEIN SEQUENCE  

UniProtKB view FAIRsharing entry

BIOLOGY: MOLECULAR & SUPRAMOLECULAR STRUCTURE  

Protein Circular Dichroism Data Bank (PCDDB) view FAIRsharing entry
Crystallography Open Database (COD) view FAIRsharing entry
Coherent X-ray Imaging Data Bank (CXIDB) view FAIRsharing entry
Biological Magnetic Resonance Data Bank (BMRB) view FAIRsharing entry
Electron Microscopy Data Bank (EMDB) view FAIRsharing entry
Worldwide Protein Data Bank (wwPDB) view FAIRsharing entry
Structural Biology Data Grid view FAIRsharing entry

NEUROSCIENCE  

NeuroMorpho.org view FAIRsharing entry
OpenNeuro (formerly OpenfMRI) view FAIRsharing entry
G-Node view FAIRsharing entry
Neuroimaging Informatics Tools and Resources Collaboratory (NITRC) view FAIRsharing entry
EBRAINS view FAIRsharing entry

OMICS: FUNCTIONAL GENOMICS  

ArrayExpress view FAIRsharing entry
Gene Expression Omnibus (GEO) view FAIRsharing entry
GenomeRNAi view FAIRsharing entry
dbGAP view FAIRsharing entry
The European Genome-phenome Archive (EGA) view FAIRsharing entry
Database of Interacting Proteins (DIP) view FAIRsharing entry
IntAct view FAIRsharing entry
Japanese Genotype-phenotype Archive (JGA) view FAIRsharing entry
Biological General Repository for Interaction Datasets * view FAIRsharing entry
NCBI PubChem BioAssay view FAIRsharing entry
Genomic Expression Archive (GEA) view FAIRsharing entry

OMICS: METABOLOMICS & PROTEOMICS  

MassIVE view FAIRsharing entry
MetaboLights view FAIRsharing entry
PeptideAtlas view FAIRsharing entry
PRIDE view FAIRsharing entry

TAXONOMY & SPECIES DIVERSITY  

Environmental Data Initiative (formerly LTER Network Information System Data Portal) view re3data entry
Global Biodiversity Information Facility (GBIF) view FAIRsharing entry
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http://www.ncbi.nlm.nih.gov/genbank/
http://www.fairsharing.org/biodbcore-000001
http://www.ncbi.nlm.nih.gov/snp
http://www.fairsharing.org/biodbcore-000438
https://www.ebi.ac.uk/eva/
http://www.fairsharing.org/biodbcore-000627
http://www.ncbi.nlm.nih.gov/dbvar/
http://www.fairsharing.org/biodbcore-000463
http://www.ebi.ac.uk/metagenomics
http://www.fairsharing.org/biodbcore-000599
http://www.ncbi.nlm.nih.gov/Traces/home/
http://www.fairsharing.org/biodbcore-000636
http://www.ncbi.nlm.nih.gov/sra
http://www.fairsharing.org/biodbcore-000444
http://www.ncbi.nlm.nih.gov/assembly
http://www.uniprot.org/
http://www.fairsharing.org/biodbcore-000544
http://pcddb.cryst.bbk.ac.uk/
http://www.fairsharing.org/biodbcore-000613
http://www.crystallography.net/
http://www.fairsharing.org/biodbcore-000016
http://www.cxidb.org/
http://fairsharing.org/biodbcore-000624
http://www.bmrb.wisc.edu/
http://www.fairsharing.org/biodbcore-000584
http://www.emdatabank.org/
http://www.fairsharing.org/biodbcore-000596
http://wwpdb.org/
https://fairsharing.org/FAIRsharing.mckkb4
http://data.sbgrid.org/
https://fairsharing.org/biodbcore-000683
http://neuromorpho.org/neuroMorpho/index.jsp
https://fairsharing.org/biodbcore-000410
http://openneuro.org/
https://fairsharing.org/biodbcore-000620
http://web.gin.g-node.org/
http://fairsharing.org/biodbcore-001008
http://www.nitrc.org/ir
https://fairsharing.org/biodbcore-000481
https://ebrains.eu/services/data-knowledge/share-data/
https://fairsharing.org/FAIRsharing.XO6ppp
http://www.ebi.ac.uk/arrayexpress/
https://fairsharing.org/biodbcore-000305
http://www.ncbi.nlm.nih.gov/geo/
https://fairsharing.org/biodbcore-000441
http://www.genomernai.org/
https://fairsharing.org/biodbcore-000164
http://www.ncbi.nlm.nih.gov/gap
https://fairsharing.org/biodbcore-000462
http://ega-archive.org/
https://fairsharing.org/biodbcore-000328
http://dip.doe-mbi.ucla.edu/dip/Main.cgi
https://fairsharing.org/biodbcore-000558
http://www.ebi.ac.uk/intact/
https://fairsharing.org/biodbcore-000054
http://trace.ddbj.nig.ac.jp/jga/index_e.html
https://fairsharing.org/biodbcore-000774
http://thebiogrid.org/
https://fairsharing.org/biodbcore-000495
http://pubchem.ncbi.nlm.nih.gov/
https://fairsharing.org/biodbcore-000455
https://www.ddbj.nig.ac.jp/gea/
https://fairsharing.org/biodbcore-001241/
https://massive.ucsd.edu/ProteoSAFe/static/massive.jsp
https://fairsharing.org/biodbcore-001164/
http://www.ebi.ac.uk/metabolights/
https://fairsharing.org/biodbcore-000168
http://www.peptideatlas.org/
https://fairsharing.org/biodbcore-000392
http://www.ebi.ac.uk/pride/
https://fairsharing.org/biodbcore-000325
http://portal.edirepository.org/nis
http://www.re3data.org/repository/r3d100010272
http://www.gbif.org/
https://fairsharing.org/biodbcore-000635


Integrated Taxonomic Information System (ITIS) view FAIRsharing entry
KNB: The Knowledge Network for Biocomplexity view FAIRsharing entry
Morphobank.org view FAIRsharing entry
Movebank Data Repository view FAIRsharing entry
NCBI Taxonomy* view FAIRsharing entry

MATHEMATICAL & MODELING RESOURCES  

BioModels Database view FAIRsharing entry
Kinetic Models of Biological Systems (KiMoSys) view FAIRsharing entry
The Network Data Exchange (NDEx) view FAIRsharing entry

CYTOMETRY & IMMUNOLOGY  

FlowRepository view FAIRsharing entry
ImmPort view FAIRsharing entry

IMAGING  

Image Data Resource view FAIRsharing entry
The Cancer Imaging Archive view FAIRsharing entry
SICAS Medical Image Repository view FAIRsharing entry
Coherent X-ray Imaging Data Bank (CXIDB) view FAIRsharing entry
Cell Image Library view FAIRsharing entry

ORGANISM-FOCUSED RESOURCES  

Eukaryotic Pathogen Database Resources (EuPathDB) view FAIRsharing entry
FlyBase view FAIRsharing entry
Influenza Research Database view FAIRsharing entry
Mouse Genome Informatics (MGI) view FAIRsharing entry
Rat Genome Database (RGD) view FAIRsharing entry
VectorBase view FAIRsharing entry
Xenbase view FAIRsharing entry
Zebrafish Model Organism Database (ZFIN) view FAIRsharing entry

HEALTH SCIENCES  

National Addiction & HIV Data Archive Program (NAHDAP) view FAIRshaing entry
National Database for Autism Research (NDAR) view FAIRshaing entry
The Cancer Imaging Archive view FAIRshaing entry
ClinicalTrials.gov view FAIRshaing entry
SICAS Medical Image Repository (formally Virtual Skeleton Database) view FAIRshaing entry
PhysioNet view FAIRshaing entry
National Database for Clinical Trials related to Mental Illness (NDCT) view FAIRshaing entry
Research Domain Criteria Database (RDoCdb) view FAIRshaing entry
Synapse view FAIRshaing entry
UK Data Service view FAIRshaing entry

CHEMISTRY & CHEMICAL BIOLOGY  

caNanoLab * view FAIRsharing entry
ChEMBL * view FAIRsharing entry
ioChem-BD Computational Chemistry Datasets view re3data entry
NCBI PubChem BioAssay view FAIRsharing entry
NCBI PubChem Substance view FAIRsharing entry
Beilstein-Institut, STRENDA view FAIRsharing entry
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http://www.itis.gov/
https://fairsharing.org/biodbcore-000597
https://knb.ecoinformatics.org/
https://fairsharing.org/biodbcore-000629
http://www.morphobank.org/
https://fairsharing.org/biodbcore-000851
https://www.movebank.org/
https://fairsharing.org/biodbcore-000731/
http://www.ncbi.nlm.nih.gov/taxonomy
https://fairsharing.org/bsg-s000154
http://biomodels.net/
https://fairsharing.org/biodbcore-000306
http://www.kimosys.org/
https://fairsharing.org/biodbcore-000631
http://www.ndexbio.org/
http://fairsharing.org/biodbcore-001016
http://flowrepository.org/
https://fairsharing.org/biodbcore-000184
http://www.immport.org/home
https://fairsharing.org/biodbcore-000660
http://idr.openmicroscopy.org/about/
http://fairsharing.org/biodbcore-000778
http://www.cancerimagingarchive.net/
http://fairsharing.org/biodbcore-000532
http://www.smir.ch/
http://fairsharing.org/biodbcore-000658
http://www.cxidb.org/
http://fairsharing.org/biodbcore-000624
http://www.cellimagelibrary.org/home
https://fairsharing.org/FAIRsharing.8t18te
http://eupathdb.org/eupathdb/
https://fairsharing.org/biodbcore-000344
http://flybase.org/
https://fairsharing.org/biodbcore-000037
http://www.fludb.org/
https://fairsharing.org/biodbcore-000183
http://www.informatics.jax.org/
https://fairsharing.org/biodbcore-000421
http://rgd.mcw.edu/
https://fairsharing.org/biodbcore-000417
http://www.vectorbase.org/index.php
https://fairsharing.org/biodbcore-000588
http://www.xenbase.org/common/
https://fairsharing.org/biodbcore-000556
http://zfin.org/
https://fairsharing.org/biodbcore-000575
http://www.icpsr.umich.edu/icpsrweb/NAHDAP/index.jsp
http://fairsharing.org/biodbcore-000482
http://ndar.nih.gov/
http://fairsharing.org/biodbcore-000491
http://www.cancerimagingarchive.net/
http://fairsharing.org/biodbcore-000532
http://clinicaltrials.gov/
http://fairsharing.org/biodbcore-000470
http://www.smir.ch/
http://fairsharing.org/biodbcore-000658
http://physionet.org/
http://fairsharing.org/biodbcore-000488
http://ndct.nimh.nih.gov/
http://fairsharing.org/biodbcore-000688
http://rdocdb.nimh.nih.gov/
http://fairsharing.org/biodbcore-000687
https://www.synapse.org/
https://fairsharing.org/FAIRsharing.dnxzmk
http://discover.ukdataservice.ac.uk/
http://fairsharing.org/biodbcore-000984
http://cananolab.nci.nih.gov/caNanoLab/
https://fairsharing.org/biodbcore-000427
http://www.ebi.ac.uk/chembl/
https://fairsharing.org/biodbcore-000015
https://www.iochem-bd.org/
http://doi.org/10.17616/R3SV1X
http://pubchem.ncbi.nlm.nih.gov/
https://fairsharing.org/biodbcore-000455
http://pubchem.ncbi.nlm.nih.gov/
https://fairsharing.org/biodbcore-000455
http://www.strenda-db.org/
https://fairsharing.org/biodbcore-000757


Crystallography Open Database (COD) view FAIRsharing entry

EARTH, ENVIRONMENTAL & SPACE SCIENCES: BROAD-SCOPE EARTH & ENVIRONMEN-
TAL SCIENCES

 

NASA Goddard Earth Sciences Data and Information Services Center view re3data entry
NERC Data Centres view re3data entry
PANGAEA view re3data entry
National Tibetan Plateau/Third Pole Environment Data Center view FAIRsharing entry
NOAA National Centers for Environmental Information (DOIs only assigned to deposited data 
on request)

view re3data entry

HydroShare (CUAHSI) view FAIRsharing entry

EARTH, ENVIRONMENTAL & SPACE SCIENCES: ASRTRONOMY & PLANETARY SCIENCES  

SIMBAD Astronomical Database view re3data entry
UK Solar System Data Centre view re3data entry

EARTH, ENVIRONMENTAL & SPACE SCIENCES: BIOGEOCHEMISTRY & GEOCHEMISTRY  

EarthChem view re3data entry
Oak Ridge National Laboratory Distributed Active Archive Center (ORNL DAAC) view re3data entry

EARTH, ENVIRONMENTAL & SPACE SCIENCES: CLIMATE SCIENCES  

World Data Center for Climate at DRKZ (WDCC) view re3data entry

EARTH, ENVIRONMENTAL & SPACE SCIENCES: ECOLOGY  

AEKOS - TERN Ecoinformatics view FAIRsharing entry
Environmental Data Initiative (formerly LTER Network Information System Data Portal) view re3data entry
Global Biodiversity Information Facility (GBIF) view FAIRsharing entry
KNB: The Knowledge Network for Biocomplexity view FAIRsharing entry

EARTH, ENVIRONMENTAL & SPACE SCIENCES: Geomagnetism & Palaeomagnetism  

Magnetics Information Consortium (MagIC) view re3data entry

EARTH, ENVIRONMENTAL & SPACE SCIENCES: OCEAN SCIENCES  

Australian Antarctic Data Centre (AADC) view re3data entry
Australian Ocean Data Network view re3data entry
Marine Data Archive  
Marine Geosciences Data System view re3data entry
SEANOE view FAIRsharing entry

EARTH, ENVIRONMENTAL & SPACE SCIENCES: SOLID EARTH SCIENCES  

British Geological Survey view re3data entry
EarthChem view re3data entry
Magnetics Information Consortium (MagIC) view re3data entry
Marine Geosciences Data System view re3data entry
UNAVCO, Inc. view re3data entry
Incorporated Research Institutions for Seismology (IRIS) view re3data entry
OpenTopography view FAIRsharing entry

PHYSICS  

HEPData view re3data entry

MATERIAL SCIENCE  

NoMaD Repository view FAIRsharing entry
Materials Cloud view FAIRsharing entry
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http://www.crystallography.net/
http://www.fairsharing.org/biodbcore-000016
http://disc.gsfc.nasa.gov/
https://www.re3data.org/repository/r3d100000036
http://www.nerc.ac.uk/research/sites/data/
http://service.re3data.org/repository/r3d100010558
http://www.pangaea.de/
http://service.re3data.org/repository/r3d100010134
http://data.tpdc.ac.cn/en
https://fairsharing.org/biodbcore-001604/
http://www.ncei.noaa.gov/
https://www.re3data.org/repository/r3d100011801
http://www.hydroshare.org/
https://fairsharing.org/biodbcore-001603/
http://simbad.u-strasbg.fr/simbad/
http://service.re3data.org/repository/r3d100010163
http://www.ukssdc.ac.uk/
http://service.re3data.org/repository/r3d100010714
http://www.earthchem.org/
http://service.re3data.org/repository/r3d100010412
http://daac.ornl.gov/
http://service.re3data.org/repository/r3d100000037
http://www.wdc-climate.de/
http://service.re3data.org/repository/r3d100010299
http://www.aekos.org.au/
https://fairsharing.org/biodbcore-000783
http://portal.edirepository.org/nis
http://www.re3data.org/repository/r3d100010272
http://www.gbif.org/
https://fairsharing.org/biodbcore-000635
https://knb.ecoinformatics.org/
https://fairsharing.org/biodbcore-000629
http://earthref.org/MagIC/
https://www.re3data.org/repository/r3d100011910
http://www1.data.antarctica.gov.au/
http://service.re3data.org/repository/r3d100000038
http://portal.aodn.org.au/
http://service.re3data.org/repository/r3d100010914
http://marinedataarchive.org/
http://www.marine-geo.org/index.php
http://service.re3data.org/repository/r3d100010273
http://www.seanoe.org/
https://fairsharing.org/biodbcore-000705
http://www.bgs.ac.uk/data/home.html
http://www.re3data.org/repository/r3d100010916
http://www.earthchem.org/
http://service.re3data.org/repository/r3d100010412
http://earthref.org/MagIC/
https://www.re3data.org/repository/r3d100011910
http://www.marine-geo.org/index.php
http://service.re3data.org/repository/r3d100010273
http://www.unavco.org/data/data.html
http://service.re3data.org/repository/r3d100010872
http://www.iris.edu/hq/
http://re3data.org/repository/r3d100010268
http://www.opentopography.org/
https://fairsharing.org/FAIRsharing.88wme4
http://www.hepdata.net/
http://service.re3data.org/repository/r3d100010081
http://nomad-repository.eu/
https://fairsharing.org/FAIRsharing.aq20qn
https://archive.materialscloud.org/
https://fairsharing.org/biodbcore-001089/


SOCIAL SCIENCES  

Archaeology Data Service view re3data entry
Harvard Dataverse view re3data entry
openICPSR view re3data entry
Open Science Framework view FAIRsharing entry
Qualitative Data Repository view FAIRsharing entry
UK Data Service view re3data entry

GENERALIST REPOSITORIES  

Dryad Digital Repository view FAIRsharing entry
figshare view FAIRsharing entry
Harvard Dataverse view re3data entry
Open Science Framework view FAIRsharing entry
Zenodo view re3data entry
Mendeley Data view FAIRsharing entry
Science Data Bank view FAIRsharing entry

Source: https://www.nature.com/sdata/policies/repositories

Other data repository lists are available from:

•	 PLOS: http://journals.plos.org/plosbiology/s/data-availability#loc-recommended-repositories
•	 SpringerNature: http://www.springernature.com/gp/group/data-policy/repositories
•	 EMBO Press: http://emboj.embopress.org/authorguide#datadeposition
•	 Elsevier: https://www.elsevier.com/authors/author-services/research-data/data-base-linking/supported-data-repositories
•	 COPDESS: https://copdessdirectory.osf.io
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http://archaeologydataservice.ac.uk/
http://service.re3data.org/repository/r3d100000006
http://dataverse.harvard.edu/
http://service.re3data.org/repository/r3d100010051
http://www.openicpsr.org/
http://service.re3data.org/repository/r3d100010255
http://osf.io/
https://fairsharing.org/biodbcore-000655
https://qdr.syr.edu/
https://doi.org/10.25504/FAIRsharing.bmz5ap
http://reshare.ukdataservice.ac.uk/
http://service.re3data.org/repository/r3d100010230
http://datadryad.org/
https://fairsharing.org/biodbcore-000464
http://figshare.com/
https://fairsharing.org/biodbcore-000303
http://dataverse.harvard.edu/
http://service.re3data.org/repository/r3d100010051
http://osf.io/
https://fairsharing.org/biodbcore-000655
http://zenodo.org/
http://service.re3data.org/repository/r3d100010468
https://data.mendeley.com/
https://fairsharing.org/FAIRsharing.3epmpp
http://www.scidb.cn/en
https://fairsharing.org/biodbcore-001267/
https://www.nature.com/sdata/policies/repositories


ANNEX 7: KEY OPEN DEFINITIONS, GROUPS & POLICIES

DEFINITIONS

Accepted author manuscript (AAM): The version of a manuscript that has been accepted by a publisher for publication.

Altmetrics: Alternative ways of recording and measuring the use and impact of scholarship. Rather than solely counting 
the number of times a work is cited in scholarly literature, alternative metrics also measure and analyze social media (e.g., 
Facebook, Twitter, blogs, wikis, etc.), document downloads, links to publishing and unpublished research, and other uses of 
research literature, in order to provide a more comprehensive measurement of scholarships reach and impact.

Article-level metrics: All types of article-level metrics including download and usage statistics, citations, and article-level 
altmetrics.

Article processing charge (APC): A fee charged to the author, creator, or institution to cover the cost of an article, rather 
than charging the potential reader of the article. APCs may apply to both commercial and open access publications. APCs are 
sometimes charged to authors in order to cover the cost of publishing and disseminating an article in an open access scholarly 
journal.

Bibliometrics: The branch of library and information science concerned with the application of mathematical and statistical 
analysis to bibliography. Bibliometrics involves the statistical analysis of books, articles, or other publications.

CC-BY license: A Creative Commons license compatible with the most stringent stipulations of open access, and which allows 
the reuse, sharing, and remixing of materials providing the original author is appropriately attributed.

Copyright: The aspect of Intellectual property that gives creators the right to permit (or not permit) what happens to their 
creations, as opposed to trademark rights or moral rights.

Creative Commons licenses: A suite of licenses that set out the rights of authors and users, providing more “open” alterna-
tives to the standard copyright.

Current Research Information Systems (CRISs): CRISs are an institution’s internal tools and systems that collect a wide array 
of research information in order to be able to describe the institutional research activity for reporting purposes, either at insti-
tutional, funder or governmental level.

Data availability statement (DAS): Statements accompanying published journal articles that detail where the data supporting 
research results can be found.

Digital Object Identifier (DOI): A unique text string that is used to identify digital objects such as journal articles or open 
source software releases.

Double blind peer review: When the reviewers don’t know who the authors are, and vice versa.

Embargo period: A length of time imposed on a research output for users who have not paid for access, or do not have insti-
tutional access, before it is made freely available.

GNU GPL (General Public License): A free license for software and other kinds of works.

Gold OA: Making the final version of record of a research paper freely available immediately upon publication by the publisher. 
In order to facilitate this, the author (or her institution) pays a fee to the publisher to cover publishing costs.

Green OA: Making a version of a research paper (typically not the final version of record) freely available in a repository.

H-index: A personal metric that relates the number of citations to the number of published papers for an academic.
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Hybrid journal: A type of journal in which certain articles are made open access while others remain subscription access.

Impact factor: A numerical (and controversial) measure that indicates the average number of citations to articles published 
over the previous two years in a journal, and frequently used as a proxy for a journal’s relative importance.

Institutional repository: An online database designed to collect the intellectual output of a particular institution or university, 
including digital collections such as electronic theses and dissertations, pre-prints, or faculty scholarship, and presents associ-
ated metadata regarding these items.

Intellectual property (IP): A legal term that refers to creations of the mind. Examples of intellectual property include music, 
literature, and other artistic works; discoveries and inventions; and phrases, symbols, and designs.

Intellectual property rights: The rights given to the owners of intellectual property, protected either automatically (e.g., 
copyright, design rights) or by registering or applying for it (e.g., trademarks, patents). Protecting intellectual property makes it 
easier to take legal action against anyone who steals or copies it. These rights can be legally sold, assigned or licensed by the 
creator to other parties, or joint-owned.

Journal: An aggregation of published research articles. Historically divided into volumes and issues.

Journal level metrics: Metrics that apply to all papers published within a journal. A common example is Thomson Reuters’ 
journal impact factor.

Mandate: Authority to carry out a policy—in this context, largely to conform to open access policies.

Megajournal: A journal with editorial criteria based on scientific soundness instead of a priori estimated newsworthiness or 
impact.

Open: At its most open, information is available without cost, immediately upon publishing, and includes the right to 
repurpose without attribution. Other types of open can be more restrictive, including open information that carries limited 
reuse conditions, limited embargo periods, and/or has less than ideal discoverability. The DARTS Framework, developed 
by OSI participants, proposes that the openness of information exists along five dimensions: discoverability, accessibility, 
reusability, transparency, and sustainability. The result is a broad spectrum of open states, not binary open-closed values.

Open access (OA): Information (generally peer reviewed scholarly works) which is freely available, generally (although inter-
preprations vary) without restriction, permitting anyone to use this for any lawful purpose, without barriers other than those 
inseparable from gaining access to the internet itself. Several different states of OA exist, including green, gold, hybrid, etc. (as 
defined in this list).

Open data: Data which is open. At its most open, data can be downloaded, copied, analyzed, re-processed, or used for any 
other purpose without barriers other than those inseparable from gaining access to the internet itself.

Open educational resources (OER): Openly licensed, online educational materials for sharing, use, and reuse.

Open peer review: When reviews are made openly available, typically alongside the article.

Open source software (OSS): Source code for a piece of software, along with an open source license permitting reuse, adap-
tation, and further distribution.

Open spectrum: The range of different types of open, from public access information (see “public access”) to open access 
information and everything in-between. The DARTS Framework, developed by OSI participants, proposes that the openness 
of information exists along five dimensions: discoverability, accessibility, reusability, transparency, and sustainability. The 
result is a broad spectrum of open states, not binary open-closed values.

Overlay journal: An open access, electronic journal that does not produce its own content, but selects and curates groups of 
articles that are already freely available online.

Paywall: Restriction via a financial barrier to research. Can be removed by personal or institutional subscription.
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Peer review: A process by which a research article is vetted by experts in community before publication. Several variations of 
peer review are used (as defined in this list.)

Persistent identifiers (PID): Any long-lasting reference to a digital resource.

Post-print: A manuscript draft after it has been peer reviewed.

Post publication peer review: Standard peer review, but after a research article has been formally published.

Pre-print: A manuscript draft that has not yet been subject to formal peer review, distributed to receive early feedback on 
research from peers.

Public access: A type of open, used predominately by US government agencies, in which information is made freely available 
following a brief embargo period and to which typical copyright restrictions (e.g., requiring author permission and/or source 
citation) normally apply.

Publisher: An entity (including corporation, university, research institution, society, trade group, etc.) who makes the outputs 
of research publicly available.

Publishing: The act of making research output available to the public.

Repository (article): An archive to deposit manuscripts. Legally, these can be personal or institutional, but aggregator sites 
such as ResearchGate also function as defacto repositories.

Repository (data): According to the US National Library of Medicine, “a data repository can be defined as a place that holds 
data, makes data available to use, and organizes data in a logical manner. A data repository may also be defined as an appro-
priate, subject-specific location where researchers can submit their data.”

Repository (software): A collection of files managed with version control software (e.g., bzr, hg, git, csv, svn, etc.). Can be 
hosted by third-party (e.g., github, bitbucket, sourceforge), by an institution, or self-hosted locally.

Scholarly communication: The creation, transformation, dissemination, and preservation of knowledge related to teaching, 
research, and scholarly endeavors; the process of academics, scholars and researchers sharing and publishing their research 
findings so that they are available to the wider academic community.

Version of record (VOR): The final version of a manuscript, after peer review and processing by publishers.

GROUPS

1Science: A Montreal-based company specializing in open access research and OA solutions analysis and development.

American Association for the Advancement of Science (AAAS): An international non-profit organization, AAAS is the 
world’s largest multidisciplinary scientific society and a leading publisher, dedicated to advancing science for the benefit of all 
people.

arXiv: The world’s largest and most successful pre-print server, containing a large collection of open articles from physics, 
astronomy, and other disciplines. Operated by Cornell University.

Association of Research Libraries (ARL): A network of American university and research libraries, and a long-time global 
leader in OA advocacy and open solutions development.

Australasian Open Access Strategy Group (AOASG): A pioneer and leading voice in open science, working to advocate, 
collaborate, raise awareness, and build capacity for OA in Australia and New Zealand.
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http://1science.com/
http://aaas.org/
https://arxiv.org/
http://arl.org/
https://aoasg.org.au/


bioRxiv: A recent addition to the pre-print server universe and building off the success of arXiv, bioRxiv primarily serves the 
life sciences community. Operated by Cold Springs Harbor Laboratory.

California Digital Library (CDL): Serving the University of California system, CDL is at the forefront of innovative and collabo-
rative approaches to improve open for the UC system and beyond.

Canadian Association of Research Libraries (CARL): CARL serves Canada’s research ecosystem and has been a leader in the 
development and implementation of forward-thinking open policies.

Center for Open Science (COS): A US-based nonprofit organization whose mission to increase openness, integrity, and re-
producibility of research. Toward this end, COS manages several projects that are helping build capacity in the open commu-
nity.

CERN: CERN, the European Organization for Nuclear Research, is a world leader in high energy physics research, and also a 
world leader in open access research publishing through its partnership with APS on SCOAP3.

Chan Zuckerberg Initiative (CZI): A venture funded by Facebook founder Mark Zuckerberg, the priorities of CZI are still 
coming into focus. It›s clear that they›re interested in data, and they have a lot of it at their disposal. 

CHORUS: A cross-repository portal, designed to identify all public access and open-access materials, and improve identifica-
tion of these materials, plus improve discovery, access, compliance, and preservation.

Coalition for Networked Information (CNI): CNI represents the digital information interests of a wide range of member 
organizations from higher education, publishing, information technology, government agencies, and libraries, and beyond, and 
fosters connections and collaborations between these communities.

Coalition for Publishing Data in the Earth and Space Sciences (COPDESS): COPDESS connects Earth and space science 
publishers and data facilities to help translate the aspirations of open, available, and useful data from policy into practice.

Coalition of Open Access Policy Institutions (COAPI): An organization that helps North American universities develop open 
access policies (membership levels are based on the degree of development of a university’s open access policies).

Committee on Data of the International Council for Science (CODATA): CODATA exists to promote global collaboration to 
improve the availability and usability of data for all areas of research.  CODATA supports the principle that data produced by 
research and susceptible to be used for research should be as open as possible and as closed as necessary. CODATA works 
also to advance the interoperability and the usability of such data: research data should be intelligently open or FAIR.

Committee on Publication Ethics (COPE): An international organization dedicated to educating and supporting editors and 
publishers and developing best practices that preserve and promote the transparency and integrity of the scholarly record.

Creative Commons (CC): Through its innovative and widely-used copyright licenses (such as CC-BY), Creative Commons is 
the recognized international leader in developing, supporting, and stewarding legal and technical infrastructure that maximiz-
es digital creativity, sharing, and innovation.

CrossRef: An association of scholarly publishers that develops shared infrastructure to support more effective scholarly com-
munication.

Data.gov: The central public-facing repository for all US government agency data.

DataCite: Global non-profit organisation that provides persistent identifiers (DOIs) for research data and other research out-
puts.

Directory of Open Access Journals (DOAJ): The world’s leading directory of open access peer-reviewed journals.

Dryad: Community-owned multi-field data warehouse that strives to make more research data discoverable, freely reusable, 
and citable.

OSI POLICY PERSPECTIVE 4: OPEN SOLUTIONS 142

https://www.biorxiv.org/
https://www.cdlib.org/
http://www.carl-abrc.ca/
http://cos.io/
https://home.cern/
https://www.chanzuckerberg.com/science
https://www.chorusaccess.org/
http://cni.org/
https://sparcopen.org/coapi/
http://codata.org/
https://publicationethics.org/
https://creativecommons.org/
http://crossref.org/
http://doaj.org/


European Open Science Cloud (EOSC): An ambitious group funded by the European Commission to dramatically improve 
research and science interoperability in signatory states by around 2020 (the EOSC initiative also includes funding for data 
infrastructures, Horizon/OA 2020 and other programs).

Force 11: A global volunteer community of scholars, librarians, archivists, publishers and research funders working together to 
facilitate change toward improved knowledge creation and sharing.

GitHub: A web-based service that provides a source code repository.

Global open data index (GODI): The annual global benchmark for publication of open government data, run by the Open 
Knowledge Network.

Google Scholar: Google’s popular and widely-used search engine for indexing scholarly literature.

International Data Week (IDW): An annual event is organised by CODATA, RDA, and the International Science Council 
(ISC), bringing together experts and stakeholders from around the world to explore how best to exploit the data revolution to 
improve science and society.

International DOI Foundation (IDF): Nonprofit membership organization responsible for issuing and managing digital object 
identifiers (DOI’s).

International Open Data Conferences (IODCs): Annual global conferences designed to bring the global open data community 
together in order to learn, share, plan and collaborate on the future of open data and data for development.

Joint Information Systems Committee (JISC): A government and member-supported organization providing UK universities 
and colleges with shared digital infrastructure and services.

Knowledge Unlatched: A leading online platform offering free access to scholarly content, and providing libraries with a cen-
tral place to support open access models.

Max Planck Society: One of the world’s largest and most successful non-university research institutions, and also a leader in 
open access reform (see “global flip” in definitions).

National Information Standards Organization (NISO): International organization whose mission is to identify, develop, dis-
seminate, and maintain voluntary, consensus-based technical standards for managing information in a changing environment.

National Institute of Health (NIH): US agency which provides the majority of US public funding for medical research, and has 
a leading role in the implementation of the US public access program. Also manages PubMed and PubMed Central.

National Science Foundation (NSF): US agency which provides significant funding for US natural and social science research.

OCLC: Nonprofit global library cooperative providing shared technology services, original research and community programs 
so that libraries can better fuel learning, research and innovation.

Open Access Infrastructure for Research in Europe (OpenAIRE): A multi-country EU effort whose goal is to promote open 
scholarship and substantially improve the discoverability and reusability of research publications and data.

Open Access Scholarly Publishers Association (OASPA): A trade association representing the interests of open access pub-
lishers globally in all scientific, technical and scholarly disciplines.

Open Data 4 Development (OD4D): IDRC funded organization committed to improving the use of data for sustainable devel-
opment.

Open Data Barometer (ODB): A global measure of how governments are publishing and using open data for accountability, 
innovation and social impact.
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http://ec.europa.eu/research/openscience/index.cfm?pg=open-science-cloud
http://force11.org/
http://github.com/
http://scholar.google.com/
https://www.doi.org/
https://www.jisc.ac.uk/
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Open Scholarship Initiative (OSI): UNESCO-backed global organization working with all stakeholder groups in scholarly com-
munication to develop and promote globally fair and effective open policies.

ORCID: An organization which supplies and manages persistent digital identifiers to distinguish individual researchers, and 
also supports integration in research workflows.

PLOS: The world’s largest open access publisher and a driving force in the open access movement.

Public Knowledge Project (PKP): A multi-university initiative developing (free) open source software and conducting research 
to improve the quality and reach of scholarly publishing. SCOAP3: A unique global partnership of libraries, funding agencies 
and research centers which converts key journals in high-energy physics to open access by paying publishers for OA costs.

Public Knowledge Project (PKP): A multi-university initiative developing free, open source software and conducting research 
to improve the quality and reach of scholarly publishing.

Publishers: This is an overly broad category of stakeholders, including every entity from large commercial publishers to uni-
versity presses, society publishers, non-university research institutions and small startups. In the “large commercial publisher” 
subcategory, Elsevier, SpringerNature (Palgrave MacMillan), Wiley, and other major commercial scholarly publishers are highly 
influential; Elsevier alone accounted for 20% of all journal articles published in 2017 and 5% of all open access articles, and 
manages foundational publishing and discovery tools and services such as SCOPUS, ScienceDirect, and Mendeley. All of 
these companies are working to accommodate the wishes of their clients and build out open options that work in the market-
place, especially for open data. Similarly, many university presses, society publishers, and non-university research institution 
publishers are also experimenting with and rolling out open options and reforms.

PubMed: A repository consisting of more than 26 million citations for the biomedical literature.

PubMed Central (PMC): A free full-text archive of biomedical and life sciences journal literature at the US National Institutes 
of Health’s Library of Medicine.

Registry of Research Data Repositories (Re3Data): A global registry of research data repositories that covers research data 
repositories from different academic disciplines., 

Research4Life: A public-private partnership (inluding WHO, FAO, UNEP, WIPO, ILO, Cornell and Yale Universities, the Inter-
national Association of Scientific, Technical & Medical Publishers and up to 175 international publishers) providing developing 
countries with free or low cost access to academic and professional peer-reviewed content online.

Research Data Alliance (RDA): An international research community organization started by the European Commission, the 
US National Science Foundation, NISO, and the Australian Department of Innovation, whose mission is to build the social and 
technical bridges to enable open sharing of data.

Research Data Alliance and Preservation Association (RDAP): Organization that brings together information professionals 
committed to creating, maintaining, advancing, and teaching best practices for research data, access, and preservation.

Scholarly Publishing and Academic Resources Coalition (SPARC): An international alliance of academic and research librar-
ies working to create a more open system of scholarly communication, and long-time leader in open advocacy.

SCHOLIX: A community-wide collaborative initiative to establish a high level interoperability framework for exchanging infor-
mation about the links between scholarly literature and data.

Scientific Electronic Library Online (SciELO): A major Latin American cooperative working across borders and institutions to 
develop a robust, common methodology for the preparation, storage and dissemination of scientific literature.

SCOPUS: Scopus, an Elsevier product, is the world’s largest abstract and citation database of peer-reviewed literature: scien-
tific journals, books and conference proceedings.

SHERPA/Juliet: A complement to Romeo, SHERPA Juliet is a searchable database and single focal point of up-to-date infor-
mation concerning funders’ policies and their requirements on open access, publication and data archiving.
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SHERPA/Romeo: Global database of publisher copyright policies. Managed by JISC.

Society for Scholarly Publishing (SSP): A nonprofit organization promoting and advancing communication among all sectors 
of the scholarly publication community through networking, information dissemination, and facilitation of new developments 
in the field.

UK Research and Innovation: The primary research management body in the UK, operating with significant government fund-
ing and authority and combining the resources of seven different UK Research Councils.

United Nations Educational, Scientific and Cultural Organization (UNESCO): The UN body charged with developing and 
advocating global approaches and solutions to issues regarding education, science and culture.

Unpaywall: A searchable database of nearly 20 million legally free scholarly articles from 50,000 publishers, repositories, 
library systems and information products worldwide.

Web of Science (WoS): A Clarivate product, WoS is one of the most widely used citation indexes in science.

Wellcome Trust: One of the world’s private philanthropies, focused largely on funding biomedical research. Wellcome has 
created significant open policies for its funded researchers, and these policies are being followed by many other organizations.

World Bank: Long-time leader in international development with highly influential open data repositories and data reporting 
policies.

World Intellectual Property Organization (WIPO): The United Nations agency charged with managing global intellectual 
property services, policy, information and cooperation.

POLICIES (SAMPLING)

DORA: The San Francisco Declaration on Research Assessment is a set of recommendations for improving scholarly pub-
lishing, mostly centered around reducing the use of impact factors. As of mid-2018, around 500 organizations and 12,000 
individuals have signed this declaration.

FAIR: FAIR is a set of four foundation guiding principles for data management and stewardship in scholarly research: Findabil-
ity, Accessibility, Interoperability, and Reusability. These four principles are intended to guide data producers and publishers in 
order to help maximize the value from digital scholarly research publishing.

Gates Foundation open policy: The Gates Foundation’s open access policy requires its researchers to publish in fully open 
formats—CC-BY in open access journals with no embargo period. Whether this model spreads is too early to tell—the 
Wellcome Foundation created a similar model as well.

Harvard open policy: In 2008, Harvard became the first US university to roll out an open policy for faculty, and perhaps the 
first in the world where this policy was adopted by faculty. In the years since, Harvard’s model has been considered by many 
other universities in the development of their own open policies.

Horizon2020: The largest EU Research and Innovation program ever (covering 2014 to 2020), including new requirements for 
open publishing in research. (Note: Horizon2020 is the 8th framework program for this work; FP9 is the working name for the 
next framework program, which will run from 2021-2027.)

Joint Declaration of Data Citation Principles (JDDCP): A synopsis and harmonization of the recommendations of major science 
policy bodies, developed by the Publishers Early Adopters Expert Group as part of the Data Citation Implementation Pilot 
(DCIP) project, an initiative of FORCE11.org and the NIH BioCADDIE program.

OA2020; The so-called “global flip” effort, this is a project being led by the Max Planck Institute with the goal of converting 
more subscription journals to open access journals.
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Open, Public, Electronic and Necessary Government Data Act (OPEN): The US government law that powers data.gov, 
providing a sweeping, government-wide mandate for US federal agencies to publish all their information as open data using 
standardized, non-proprietary formats. 

Open access button: A bookmarklet for browsers that helps readers get legal versions of research papers quickly. By clicking 
the button, when an article isn’t freely available the OA button staff asks authors to share it (if this can be done) by putting it 
into a repository so requesting readers others can get access.

Open Data Charter (ODC): A collaboration between over 100 governments and organisations working to open up data 
based on a shared set of principles (see annex section for ODC charter). ODC is an extension of the G8 Open Data Charter.

Open Science Framework: A suite of open research and collaboration tools built by the Center for Open Science.

Pathways to Open Access toolkit: Produced by the University of California system, this toolkit analyzes the many approaches 
and strategies for advancing the large-scale transition to OA, and identifies possible next action steps for UC system-wide 
investment and experimentation. (Note: As a follow-on, the UC system will be hosting a pathways to open conference in 
October 2018.)

Registry of Open Access Repository Mandates and Policies (ROARMAP): A searchable international registry charting the 
growth of open access mandates and policies adopted by universities, research institutions and research funders. 

Research Excellence Framework (REF): The system for assessing the quality of research in UK higher education institutions.

US Public Access program: Open access is widely seen as the benchmark for open. However, the US public access program 
is much larger in terms of the volume of materials being made available. Under this program, US federal agencies are required 
to make research publicly available, but not “open access,” meaning that research can still carry traditional copyright, for in-
stance, as long as it is made freely available to the public within a reasonable period of time.

Wellcome open access policy: Similar to the impact of the Gates Foundation’s open access policy, Wellcome’s policy also 
generated a lot of discussion in the open community.

Source: The initial version of the groups and definitions list was drawn from the work of Jon Tennant and Ross Mounce, “Open 
Research Glossary,” May 2015, Figshare. http://dx.doi.org/10.6084/m9.figshare.1482094, Additions were made from the OSI 
website (osiglobal.org) and various other resources.
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