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Abstract

While open access publishing effectively broadens access to scientific research products, the
problem of making sense of the volumes of new information is becoming increasingly acute. Tra-
ditional curation methods like peer-reviewed journals and recommendation services are failing to
keep pace, resulting in unprecedented information overload and knowledge fragmentation. We con-
tend that making sense of science requires open access to diverse sources of scientific sensemaking
data, and that current frictions and failures of scientific sensemaking arise from deficiencies in reck-
oning with these kinds of data. Sensemaking data are the digital traces of sensemaking processes,
in which individuals and groups organize and structure new information to improve subsequent
decision-making and actions. Sensemaking data include explicit annotations (tags, votes, ratings,
marginal comments) and commentaries made by researchers, as well implicit behavioral data gen-
erated through app usage (reference managers, website metrics, etc). Crucially, sensemaking data
is currently scattered and siloed across a multitude of apps and formats, and also increasingly
enclosed by publishers for profit. We provide an outline for Open Science Sensemaking (OSSm),
an interoperable and decentralized annotation network. Such a system would enable researchers
to record, own, and share their sensemaking data, thus contributing to the network while re-
maining resilient to platform capture. Shared annotation data will greatly benefit individual and
collective sensemaking by enabling development of diverse content discovery services, from simple
aggregation of reviews and ratings (e.g., “Goodreads for scientific research”) to more advanced
Al-augmented scientific intelligence systems.

1 Introduction

While recent developments in open access publishing and preprint servers like arXiv [24, 37] are valuable
efforts that broaden access to scientific research, they do not address the challenge of making sense of
all of the new information being published. Indeed, open access publishing may actually be amplifying
this perennial challenge [12, 14] by dramatically increasing the amount of available published research
without concomitant improvements in sensemaking practices, protocols and infrastructure [47, 58].

What do we mean by “making sense” of science? Some may question the use of this broad and
seemingly vague term, preferring to refer specifically to more well-defined processes in science such
as: literature discovery, technical evaluation, peer-review, meta-analysis, scientific communication, or
scientometrics. We chose the sensemaking frame intentionally, to highlight what we see as a common
root problem hindering progress on all of these important processes which are traditionally seen as
disparate. The shared problem we want to draw attention to is a lack of open access to sensemaking
data generated by the scientific community."

1By scientific community, we refer not only to active scientists, but all people and entities that interact with scientific
or scholarly research outputs more broadly. And while we focus on the scientific community and research processes in
this article, many parallels exist in other professional and civic areas.
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Figure 1: Overview of scientific sensemaking data (or “Stigmarks”, blue circles on top) in relationship
to FAIR data (here for meta-data, green circles in middle) and Open Access Science (research outputs,
red circle at bottom). Edges reflect relationships among entities. A Sensemaker (gray square on the
right side) represents active entities, who access or interact with these different types of informational
entities.

Sensemaking refers to processes by which individuals and groups organize and structure new in-
formation to improve subsequent decision-making and actions [49, 52, 54, 68]. Sensemaking data are
the digital traces of sensemaking processes, including explicit annotations made by researchers, as well
implicit behavioral data generated by them through app usage. Sensemaking data represent reactions
to existing content, rather than representing independent new content such as an article or code.
Examples of explicit annotations include comments, ratings (numerical, votes, etc) and tags (topic,
quality, reading priority etc). Example usage data includes download and viewership counts, click-
through paths, and gaze and dwell-time data. The collection and use of modern sensemaking data is
enabled by sensemaking infrastructure: tools for annotation and knowledge management, platforms,
and other interfaces used by researchers for viewing, discovering, organizing, and sharing information.
The importance of sensemaking data stems from their central role in algorithmic content curation
and recommendation systems, where they function as valuable measurable proxies of relevance and
attention [61].

Hence, sensemaking data and infrastructure are of central importance for the scientific community
as well; as detailed in §2, they are instrumental for key meta-scientific challenges, including information
overload, evaluation, training, scientometrics, and the support of large-scale distributed collaboration.
However, the current infrastructure is failing to adequately address any of these challenges, and the
sensemaking data required to make meaningful progress remains scattered across a multitude of plat-
forms, apps and formats. As discussed in §3, some of these platforms enclose sensemaking data by
design, and in other tools and platforms which are at least in principle more open, the lack of inter-
operable formats hinder efforts to effectively aggregate sensemaking data at scale.

Accordingly, we contend that in addition to the open science movement’s efforts to ensure open
access to scientific research, similar efforts must be directed at ensuring FAIR [46, 69] and open access
to the sensemaking data that will allow us to make sense of that research (§4).

As an initial step towards open access sensemaking data, in this work we outline a proposal for
Open Science Sensemaking, a decentralized annotation network enabling researchers to record, own and
share their sensemaking data (§5). Our proposal focuses on a simple yet particularly important type
of sensemaking process, Scientific Social Bookmarking (SSB); that of managing and sharing reading



lists along with ratings and reviews.

The data shared through Open Science Sensemaking will support an ecosystem of diverse applica-
tions for collaborative creation, discovery and evaluation of knowledge. More broadly, infrastructure
for sharing sensemaking data as a public good will play an instrumental role in re-integrating frag-
mented scientific knowledge, empowering researchers through technology, to think better, together.

2 Why care about scientific sensemaking data?

Sensemaking infrastructure and data are instrumental in addressing multiple key challenges for the
scientific community, at both individual and collective levels:

Information overload. Individual scientists must keep up with unprecedented amounts of new
research, and need better tools to help decide what papers to read next and where to focus their research
attention [28]. Sensemaking data are essential for personalized algorithmic content recommendation,
whether through generic social media networks [7] or bespoke scientific recommendation feeds [32].

Evaluation. Traditionally enacted in the form of journals and peer review, evaluation is vital for
verification, curation and ranking of research outputs. As widely noted, the current peer review system
is failing in all of these roles [21, 34, 35, 41]. Crowd-curated sensemaking signals (e.g., social media
attention and usage data) are a promising part of the review and “pre-review” process, providing rapid
and diverse types of feedback [15, 35]. Increasing access and quality of sensemaking data will improve
open evaluation and help in steering attention towards work meriting more rigorous review.

Altmetrics. Altmetrics measure the broader impact of research and its public dissemination, to
inform policy and funding decisions, as well as assessment of the contributions of individuals and
institutions [51]. Where traditional impact metrics were based primarily on various citation analysis
methods, newer approaches rely on signals curated from diverse online sources such as blog posts,
social media mentions, and reference management tools like Zotero and Mendeley. However, standard
altmetrics are critically hamstrung by the lack of open access to sensemaking data [19]. Open sense-
making data will improve the quality of altmetrics and diversity of measures that can be applied to
track and assess research impact [22].

Coordinating big science. Scientific progress increasingly relies on large-scale efforts (“big sci-
ence”) [26, 31], and consequently individual scientists or small teams are less able to make meaningful
progress [65]. Increased problem complexity necessitates distributed yet coordinated efforts across
diverse groups and disciplines. Improving our infrastructure for open and shared annotation will play
an important role in promoting cooperation and coordination, helping scientists find peers with similar
interests, and quite literally helping to keep everyone on the same (digital) pages [15].

Modelling collective behavior of scientific communities. Similar to the importance of sense-
making data to the study of social systems more broadly [10, 33], scientific sensemaking data will be
invaluable for meta-scientific research on attention allocation and information propagation in scientific
communities [61].

To summarize, “lifting the hood” on key meta-scientific challenges reveals their reliance on sense-
making data. However, as described in the next section, at the same time we are seeing increasing
enclosure and centralization of those data by commercial platforms.

3 Scientific sensemaking data, platformized

As observed by Chris Muellerleile in [47], the abundance of Open Access (OA) research brought with
it new, yet underappreciated scientific attention economies: challenges of how to curate, filter, and
make sense of the new research deluge. Muellerleile also notes that science publishers were quick to
adapt to the new reality by transforming themselves into data aggregation and analytics platforms.
Muellerleile concludes that “Open access to knowledge may be better than an environment where much



academic knowledge is closed, but focusing too closely on the openness may be distracting us from
the ways that capital is sneaking in the back door and enclosing the very tools we need to make sense
of this new world.” Those “very tools” being enclosed by publishers are, in large part, sensemaking
data and the apps that generate them through user interactions. Similar to data enclosure patterns
in social media platforms, sensemaking data are the “gold” of the attention economy, as they are
essential for assessing reactions to content, as well as algorithmic curation, ranking and filtering [61].
Indeed, almost all scientific social bookmarking platforms (e.g., CiteULike and Connotea) and reference
managers (e.g., Mendeley, Papers) were bought by large science publishers (e.g., Nature, Elsevier) for
data tracking and analytics purposes [1, 2, 3, 4, 18, 50]. Twitter also recently cancelled a free data
access service widely used by researchers [38].

More broadly, many works have made the case for a disconcerting platformization of scientific
information infrastructure by commercial platforms [40, 50, 56]. Thus, despite ostensibly open access
to publications, by amassing and enclosing data about publications (and especially sensemaking data),
platforms have gained monopolistic power to determine the reach, value and impact of research. Similar
to social media platforms where corporate self-interest takes precedence over pro-social incentives,
commercial science platforms may be undermining scientific progress itself for the sake of profit [40,
41, 64].

4 Towards open, FAIR and stigmergic scientific sensemaking
data

Given the importance of sensemaking data for realizing the potential of open access science, we contend
that such data merit treatment and respect as scientific research outputs. In particular, as detailed
below, we propose that scientific sensemaking data should be (1) included within the scope of the open
science movement, (2) published under the FAIR principles (Findability, Accessibility, Interoperability,
and Reuse), and (3) embedded in stigmergic annotation networks of content marking and discovery.

4.1 Open-access sensemaking data

Sensemaking data is different from traditional published scientific research in the sense that it is not
public by default. In many cases, privacy considerations will limit the sensemaking data shared by
researchers; they may not want to publicly share a particularly critical assessment, speculative claims,
and so on (see §7.5 for further discussion). However, our focus is on settings in which researchers do
wish to make their sensemaking data public, such as social bookmarking. For these cases, effective
open infrastructure is currently lacking, leading researchers to this share data on closed commercial
platforms such as Twitter or ResearchGate (§6.3).

4.2 FAIR sensemaking data

The FAIR Data Principles [46, 69] propose that research outputs should be Findable, Accessible,
Interoperable, and Reusable. Here we consider the FAIR principles in the context of sensemaking
data:

o Findable. Sensemaking data should be easily discoverable and indexed by search interfaces. We
envision two primary kinds of queries: (1) querying a particular researcher/institution for their
public “sensemaking activity feed”; what papers are they reading, research assessments, etc. (2)
Querying content (such as a scientific paper) to retrieve associated sensemaking data such as
reactions, annotations, reviews or ratings.

e Accessible. Sensemaking data should be retrievable using standardized protocols, while allowing
for authentication procedures where necessary. Importantly, sensemaking data should be self-
sovereign, with users controlling the accessibility of their data. As discussed above in relation
to open access data (§4.1); to the extent that researchers wish to make their data public, they
should be empowered to do so.

o Interoperable. Sensemaking data should use shared schemas for knowledge representation.
Bookmarks are an example of a type of sensemaking data widely shared by researchers, but



scattered across many non-inter-operable formats, thus hindering integration efforts; for example,
bookmarks may appear in an HTML reading list on a website, a public Zotero library, or a natural
language post on social media.

¢ Re-usable. The creation context of the data and its provenance should be as rich as possible,
to support accurate usage in downstream applications. Re-tweets are an example of sensemak-
ing data provenance - researcher B’s retweet of researcher A’s post about paper P records the
provenance of B’s knowledge of P, and is valuable for applications such as content recommen-
dation. Finally, data should be structured using expressive and machine actionable ontologies,
to minimize ambiguity about what the data represents and support reliable use in downstream
applications. For example, social media posts do not afford ontology-grounded representation:
a researcher’s sentiment towards a paper may be misinterpreted due to ambiguities of natural
language.

4.3 Stigmergic sensemaking data

While FAIR data publishing is necessary, in the context of sensemaking, FAIR is not sufficient. Merely
being findable in an ocean of content does not guarantee that information is distributed to the relevant
parties or prioritized correctly with respect to other information. For these purposes, sensemaking data
must be combined with personalizable algorithmic ranking and distribution systems. We adopt the
concept of stigmergic annotations from [61] to refer to sensemaking data used to power large-scale
collective intelligence networks through content discovery and algorithmic recommendation.? Impor-
tantly, stigmergic annotation networks incorporate feedback loops of content marking (annotation)
and discovery which also provide social and epistemic participation incentives. In contrast to stigmer-
gic annotations, most current annotation tools are not geared towards large networks, but are designed
mainly for personal note-taking or small group use (§6.2). Twitter is an example of a stigmergic an-
notation network, demonstrating the power of social incentives along with simple annotations over
other users (e.g., follow relations) and over content (likes, retweets, etc.) to drive large-scale per-
sonalized content recommendation. Notably, the recent open-sourcing of Twitter’s recommendation
algorithm demonstrates the central role of user social graphs and their content annotations (also called
interaction data), without need for analysis over the actual content of posts [7]. Notwithstanding plat-
forms’ impressive potential, their centralized and closed nature motivates us to propose an open and
decentralized scientific sensemaking network, as described next.

5 Proposal: Open Science Sensemaking (OSSm)

Our proposal, Open Science Sensemaking, builds on the recent Open Source Attention initiative [61],
which proposed a decentralized stigmergic annotation network to share sensemaking data as a public
good, as an alternative to its capture by commercial social media platforms. Such a network could be
further specified using systems engineering tools such as the Active Entity Ontology for Science (AEOS)
[22]. In this case, sensemaking data would be reflected by various kinds of informational artefacts, and
active entities would correspond to different scientific sensemakers (people, teams, organizations, etc).

5.1 Open Science Sensemaking Graph

The core envisioned network infrastructure is the Open Science Sensemaking Graph (OSSG), a shared
public knowledge graph representing sensemaking processes over scientific research. We plan to focus
initially on the setting of social bookmarking, with later evolution of the network incorporating more
diverse sensemaking processes (§5.4). As shown in Figure 2, OSSG enriches the traditional academic
citation graph with a sensemaking layer: beyond authors and papers, sensemaking data are also
represented. More concretely, the graph will include 3 main types of nodes:

1. Actors (Sensemakers). Human individuals (scientists, general public) or collectives (organi-
zations, research teams), as well as machine agents. Actors jointly construct the Open Science
Sensemaking Graph by creating stigmergic markers (see below). Following [61], we also refer

2Stigmergy refers to mechanisms of indirect communication between agents mediated by marks they leave in their
environment (e.g., ant pheromone trails). For details, see [45, 61].
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Figure 2: Proposed Open Science Sensemaking Graph (right) shown in comparison to standard aca-
demic graph representation (left). Our proposal includes an open access layer of public sensemaking
data over the existing content, in contrast to the current situation in which only the academic graph
is open, and sensemaking data is enclosed and fragmented across multiple platforms.

to actors as SenseMakers, to highlight their active role in collective sensemaking, in contrast to
social network “users”.

2. Content (Scientific research). Any Web-addressable content, such as websites or social media
posts. For simplicity, any web resource with a URL can be treated as a content node.? To sidestep
issues around copyrights, the content itself is not represented, but only the address of the content
(e.g., the URL).

3. Stigmergic markers (Sensemaking data). Stigmergic markers (StigMarks or marks for
short) include signals or annotations over content or other actors. We refer to them as stigmergic
to differentiate them from personal annotations: stigmergic markers are those made primarily for
social sensemaking purposes, “trail marks” or “digital pheromone trails” to help others navigate
information.

An example use case of the above, is shown in Figure 3.

5.1.1 Types of StigMarks

Broadly, we distinguish between marks over actors, and marks over content.

Marks over content. For the bookmarking setting, the main mark actors can create is a simple
bookmark, represented by the following fields (some may be optional):

e Target URL

Comments (short text)
o Tags for categorizing content by topics

o Reading status (to-read, reading, finished-reading)

3Future versions should include more rigorous knowledge graph maintenance including entity disambiguation, version
tracking, and linking
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Figure 3: Example use case of Open Science Sensemaking (OSSm). Two sensemakers connect and
engage in a conversation supported by shared access to relevant sensemaking data (Stigmarks).

o Rating. For a start, this could be a simple scalar scale. Future developments could include the
multi-dimensoinal rating scheme proposed by [35].

Marks over actors. Initially, the main mark over actors is the actor-actor follow relation.* Similar
to its counterparts on social media networks, follow(A,B) indicates user A is interested in seeing
content created or recommended by B. The social graph structure created by follow relations is
an important signal to recommendation algorithms as well as a way to induce trust networks and
increase resilience to spamming and other attacks [30]. Future versions can include additional types
of actor-actor relations, such as expressions of endorsement or trust [29].

5.2 Protocol-driven decentralized data-sharing

The network will be built using a protocol based approach, using standardized data schemas to enable
interoperability across apps. Broadly, the network architecture is inspired by the Murmurations pro-
tocol for decentralized, interoperable data-sharing (for further details see §5.3, [6]). The network will
consist of 4 main modules:

1. Data storage. Data storage will be decentralized to prevent the data being acquired and enclosed:
ideally, each member in the network will host and manage their own data, using Solid data
pods [55], IPFS [11] or other distributed storage technologies. Federated/hosted approaches may
also be employed as a quick start option or to serve users that prefer to outsource data storage.

2. Indexing and querying services. For data to be useful for collective sensemaking applications, it
must be indexed and queryable by various apps. Members will register their bookmarks with an
indexing service to allow their data to be discovered by the network.

3. Content discovery services. A variety of apps leveraging the shared bookmarks data and index-
ing/querying services to provide search and recommendation over content, people and organiza-
tions.

4For simplicity, pure relations like follow can also be expressed by edges and do not need to be represented by a
node.



4. User-facing apps. Apps allowing users to easily create and organize marks, and control data
visibility.

Progressive decentralization. Open Science Sensemaking will follow a progressive decentralization
strategy [43]. While the ultimate goal is self-sovereign decentralized storage by network members,
starting from centralized storage and progressively decentralizing can help strike a balance between
the practicalities of software development and the ideals of decentralization.

5.3 Initial implementation sketch

Our proposed initial implementation will focus on a minimum viable version of the network. A simple
user-facing bookmarking app will be built as a reference implementation, providing an interface to
enter input data as well as handling network registration and storage configuration. Integrations with
popular existing knowledge management tools (e.g., Obsidian, Notion) and reference managers (e.g.,
PaperPile, Zotero) will also be considered. A minimal yet useful content discovery service could be
a simple numerical review and rating aggregator for research papers (similar to the data aggregation
provided by Goodreads). This kind of information can be embedded directly in papers’ landing pages
on preprint/journal servers, similarly to other information tabs provided by external data sources
(for example, arXiv provides various 3rd party “related papers” data). A simple initial recommender
algorithm could be implemented using collaborative filtering and social graph data [35].

5.4 Beyond bookmarks

In future stages we also envision including additional annotation types to support additional sensemak-
ing processes, such as span annotation (highlighting text) and semantic linking between documents
or parts of documents (for example, that document A supports a claim in document B). Discourse
graphs for knowledge synthesis are a promising sensemaking process supported by semantic linking in
and across documents [17]. Finally, integrations with nanopublications (§6.1) can introduce a wide
range of ontology-based semantic knowledge representations.

6 Related work

6.1 Nanopublications

Nanopublications are being developed to communicate the smallest units of publishable information in
an expressive and machine readable format, using FAIR data principles [25, 36]. The Nanopublications
project shares much in common with Open Science Sensemaking, as both are aimed at developing
open and collaborative infrastructure to help researchers find, curate and connect scientific knowledge.
Stigmarks are conceptually similar to nanopublications, and indeed there is an overlap with some
existing nanopublication templates, such as an assertion of reading a paper®, or a review of a scientific
paper.5 While sharing similar broader goals and methods, nanopublications are focused more on
formal knowledge and discourse representation, and Open Science Sensemaking is more focused on
the challenges of information overload, stigmergic annotation and data-driven collective knowledge
curation. Our initiatives are naturally synergistic: as noted by [23], nanopublications provide an
expressive and robust data representation substrate, but additionally require a diverse ecosystem of
content discovery and authoring tools to more fully realize their potential. Our proposal additionally
focuses on the social and epistemic incentives for sharing sensemaking data, which we believe will be
essential for driving large scale use (4.3).

6.2 Annotation interfaces

There are a wide array of projects focused on annotation tools, including open source platforms like
hypothes.is, as well as tools allowing users to self-host their annotations, such as dokieli [16]. While

Shttp://purl.org/np/RAxPdvy5RN- jyPOMcBNESUEN2CPBtAa3WOCt3tbID4PiM
Shttp://purl.org/np/RA1sViVmXf-W2aZW4Qk74KTaiD9gpLBPe2LhMs inHKKz8
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some of these tools support a degree of FAIR publishing, they are designed for individuals and small-
groups rather than for large scale stigmergic sensemaking (4.3). For example, they do not support
user interactions with annotations (votes, re-tweets, etc) or other easily aggregatable annotations
like ratings. Unfold Research [8] is another related app, that does allow directly annotating pages
with relevant aggregatable data such as up/down-votes, but does not currently support FAIR data
publishing. Finally, these apps also do not integrate the social networks necessary for more personalized
content recommendation and social incentives.

6.3 Social media platforms

Scientists increasingly use social media platforms like Twitter and Mastodon extensively for sharing
comments, reviews and recommendations [42]. While demonstrating the great value of digital social
networks for catalyzing scientific research, these platforms are also limited by lack of support for FAIR
data. Posts are limited to natural language which harms machine readability. Closed commercial
social media platforms like Twitter operate opaque recommendation algorithms and are also at risk of
data enclosure. Finally, many researchers prefer to avoid the exposure and distractions of social media
platforms.

6.4 Al-based search and recommendation

Artificial Intelligence (AI) research has made impressive progress, particularly large language models
(LLMs) for open domain dialog [48, 67]. Ellicit, Semantic Scholar, and many more companies are pro-
viding AI and LLM-driven services for content recommendation, question answering and summariza-
tion over scientific research [32, 53, 62]. While various algorithmic dialog, search and recommendation
systems will be indispensable parts of any solution [28], they are still only partial solutions [57]: col-
lective sensemaking is ultimately a social human process [13, 59]. For example, while recommendation
systems may suggest interesting papers, researchers naturally want to know what papers their human
peers and role-models are reading [39]. Furthermore, as demonstrated by researchers’ use of social
media platforms, trust and social incentives drive researchers to share information, discuss papers and
seek engagement with their peers. Finally, open access to sensemaking data is also a concern for
AT systems due to their reliance on large scale data sources. Recommendation systems in particular
require high quality human sensemaking data to produce good recommendations (§4.3).

6.5 Decentralized ontology-agnostic data sharing protocols

Another related effort is the Murmurations protocol [6]. Murmurations is designed to allow users to
manage and share their own data in an ontology agnostic way, meaning that any data schema can be
supported, resulting in a high degree of interoperability. For effective sharing and content discovery,
Murmurations also defines indexing and aggregation. Murmurations has thus far been applied to
geo-spatial data and directories of communities - our proposal would expand upon it to support data
related to content bookmarking and social graph information.

6.6 Decentralized Science

Decentralized science (“DeSci”) is a broad term encompassing a range of projects aiming to build public
infrastructure for funding, creating, reviewing, crediting, storing, and disseminating scientific knowl-
edge fairly and equitably using decentralized technologies such as distributed ledgers (blockchain) [5,
9, 22, 63, 66]. In common with our proposal, DeSci highlights open access, FAIR and decentralized
publishing of scientific knowledge. To our knowledge though, in DeSci, similar to the situation in
open access science, little work has focused on open sensemaking infrastructure: tools and protocols
for collaborative content curation, annotation, discovery and recommendation.

7 Discussion

This section briefly touches upon key challenges and open questions related to our proposal; we leave
a more thorough exploration to future work.



7.1 Starting and Scaling

As common in networked information systems, lack of data in initial stages discourages wider user
adoption, limiting the growth of the system. Bootstrapping from existing data sources is a potential
way to address this challenge. Possible bootstrapping approaches include providing a variety of inte-
grations with existing bookmarking apps, and also automated text mining methods to extract relevant
data from existing social networks such as Twitter (while accounting also for user consent).

7.2 Adoption

Another related challenge is community uptake; e.g., convincing researchers to adopt new tools and
practices regarding data sharing. An important way to address this challenge is through “meeting
users where they are”, or providing integrations with existing popular pre-print servers, note taking
and bookmarking apps, in order to reduce friction. Also important is providing clear utility for
participating in the network, for example in the form of new content discovery options and social
incentives [60, 70].

7.3 Discoverability

Beyond the challenge of adopting new tools, for the collected annotations to be useful, they must
be easily discoverable by researchers. One approach could be embedding bookmarking data on the
landing pages of research papers in high-profile publications and popular preprint servers like arXiv,
similar to how social media mentions are currently displayed (and see also initial experiments with
nanopublications?).

7.4 Information security

Enabling permissionless contribution to public data pools brings the risk of spam or misinformation by
malicious actors. Adding blockchain based credentialing or social graphs can help counter these threats,
by filtering out data from untrusted sources. More broadly, these threats to epistemic integrity, and
associated proactive/responsive practices, can be considered from the perspective of cognitive security
[20].

7.5 Privacy

To emphasize, our proposal is focused on the public FAIR sharing of sensemaking data which lacks
viable alternatives to commercial platforms, as opposed to private or group sharing which are already
well-supported (§6.2). As noted by [70], most work has focused on protecting user data from involun-
tary tracking, rather than negotiating the cost-benefit tradeoffs involved in voluntary public sharing of
sensemaking data; balancing privacy risks on one hand, with benefits such as gains in information and
social capital on the other. Important considerations to account for in this setting include providing
users with intuitive control over data visibility settings, and opt-in publishing models requiring ex-
plicit user consent to make data public. In future iterations we plan to add the option for group-level
visibility settings. Anonymous and privacy preserving data sharing options should also be explored.

7.6 Business model

As discussed in §3, technical and financial dimensions of platforms are entangled; platforms rely on data
enclosure as a source of revenue. Accordingly, beyond technological solutions, another key challenge is
implementing a business model that protects against data enclosure. Various possible alternatives to
current platform models could be explored, including:

1. Subscription/freemium models, where some services are freely available but more advanced apps
require payment.

"https://mstdn.social/@RI0journal/110185219008689466
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2. App marketplace monetization. The open data model encourages a diverse app market providing
a variety of services, such as search, content recommendation and social matching (pairing readers
with similar interests, etc). App markets are another potential source of revenue- when the user
purchases a 3rd-party app, a portion of the proceeds would be charged by the company. Notably,
subscriptions and an app marketplace are the two main sources of revenue for the popular code
sharing platform Github.

3. Data marketplace. Another potentially promising model is a data co-operative [27], where users
contribute to a shared data pool and are also paid for access to their data. Here too, the
organization could charge a fee in facilitating the matching between data owners and buyers.

4. Grants. There is increasing awareness around the limitations of existing knowledge infrastruc-
tures, and many DeSci as well as traditional organizations are offering grant-based funding for
related initiatives.

5. Focused Research Organization (FRO). FROs [44] are a new kind of special-purpose organiza-
tion created to solve scientific or technological challenges that are not efficiently addressed by
the existing organizational structures of academia, industry, or government. FROs are mission
oriented and shielded from both academic and for-profit incentives, making them a promising
potential model for large-scale metascience projects such as Open Science Sensemaking.®. By
analogy to FROs, if open access to scientific sensemaking data were in place with distributed
protocols, "Focused Sensemaking Organizations” (FSO) would be relevant in future scientific
settings.
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