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Abstract Despite the existence of studies addressing the historical development 
of digital platforms, none of them has yet drawn a coherent and comprehensive 
interpretation of the emergence of scientific digital platforms. The previous litera-
ture (i) focuses  on specific scientific practices; (ii) does not reach far enough back 
into the past; (iii) does not cover all relevant groups of social actors; (iv) does not 
propose a taxonomy for scientific digital platforms; and (v) does not provide a defi-
nition for scientific digital platforms. We propose in this paper a long-term view 
(from 1990 onwards), allowing us to identify the participation of distinct groups of 
social actors—within State, Market and Science subsystems—in the process of sci-
ence platformization. Dialoguing with the most up-to-date literature, we broaden our 
understanding of the ongoing process of platformization of the research life cycle, 
proposing a taxonomy and a definition for scientific digital platforms. The evidence 
provided throughout the paper unveils that  (i) the changes (caused by platformiza-
tion) in each of the phases of the research cycle are not at all linear and are not hap-
pening simultaneously; (ii) actors from different subsystem played important roles 
in the platformization of science; and, (iii) specific categories of platforms have 
consolidated themselves as infrastructures and certain scientific infrastructures have 
been platformed, although this varies by category.
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Introduction

With the emergence of the World Wide Web (WWW) in the mid- and late 1980s, 
a fragmentation process of traditional academic infrastructures began. This process 
is twofold: while on the one hand, we can witness the obsolescence of traditional 
structures (e.g., printed journals); on the other, new online entities—boutique digital 
libraries, institutional repositories, content management platforms, open protocols, 
metadata aggregation (Plantin et  al. 2018)—emerge, fighting for their own space. 
Despite the existence of studies addressing the historical development of digital 
platforms (Acs et al. 2021; Langlois 2012; Helmond 2015; Tabarés 2021; Helmond 
et al. 2019), none of them has yet drawn a coherent and comprehensive interpreta-
tion of the emergence of scientific platforms.

Plantin et al. (2018) account for the multiplicity of societal groups that seek to 
re-integrate some aspects of the fragmented scientific infrastructure caused by the 
emergence of the web. Mirowski (2018) offered a survey on science-focused pri-
vate platforms and concluded that "Science 2.0" is a neoliberal project that seeks 
to profit from phases of the scientific process leading to decreasing autonomy of 
researchers. He also provided a "landscape of science platforms", crossing phases of 
scientific activities (getting started; preparatory; research protocols; writeup; publi-
cation; and post-publication) with users (normal scientist; funders; competing scien-
tist; spectator scientist; outsider citizens; and, kibitzer), illustrating with some repre-
sentative platforms. Both Mirowski (2018) and Plantin et al. (2018) did not present 
a chronological narrative or a relational ordering of their historical trajectories. In 
that regard, Jordan (2019) outlined the historical expansion of science platforms, but 
only for a specific class: academic social networks (ASN). She presented a timeline 
from 2002 to 2017, in which it is possible to observe the evolution of ASN and 
general-purpose social networks. Mirowski (2018) also did not separate in his analy-
sis general-purpose social networks (such as Twitter and LinkedIn) from exclusive/
dedicated science platforms.

Those previous studies on platforming approach the development of digital plat-
forms from a relatively short-term perspective, narrowly emphasizing the role of the 
market. They neither propose a taxonomy for scientific digital platforms nor provide 
a definition for scientific digital platforms. Advancing on that ground, we propose a 
longer-term view (from 1990 onwards), which allows us to identify the participation 
of other actors in different subsystems in the process of science platformization, with 
possible impacts on the scientific infrastructure. This way, dialoguing with the most 
up-to-date literature, we contribute to broadening the understanding of the ongoing 
process of platformization of research life cycle, answering the following research 
question: what are the ways in which the scientific phases have been platformed?

We organize the article into five sections, including this introduction. In the next 
section, we lay out our conceptual background and the method used. We follow 
Yin’s (2003) guidance and structure our research strategy to develop an explora-
tory study. In section 3, we start our exploratory case study exposing emblematic 
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scientific digital platforms developed within three "great subsystems of modernity": 
State, Market and Science (Nowotny, Scott, and Gibbons 2003). In this context, 
three large groups of social actors from each one of the subsystems appear crucial 
to us: public administration, private sector, and, research communities, respectively. 
In section 4, we propose a discussion on our findings and suggest systematizing fig-
ures of the exploratory study presented. The evidence throughout the paper unveils 
important conclusions: (i) the changes (caused by platformization) in each of the 
phases of the research cycle are not at all linear and are not happening simultane-
ously; (ii) actors from different subsystem played important roles in the platformiza-
tion of science; and, (iii) a large number of platforms that become infrastructures 
and infrastructures that have become platformed, although this does not invariably 
occur. Finally, in the last section, we raise pertinent questions for future inquiries.

Conceptual Background and Method

Our exploratory case study—whose goal is “to develop pertinent hypotheses and 
propositions for further inquiry” (Yin 2003: 17)—departs from four conceptual 
dimensions, which appear particularly relevant in the context of our study.

The first is that the research process “includes the key steps in the research life 
cycle” (Dai et al. 2018: 08). The European Comission (2016) proposition of a-five-
phase process—i.e., (i) conceptualization; (ii) data-gathering; (iii) analysis; (iv) 
publication; and, (v) review—was advanced by Dai, Shin, and Smith (2018) who 
included both "planning" and "funding" activities in the conceptualization phase. 
They also included "processes of outreach" and "impact assessment" as a sixth 
phase of the research process.

The second dimension recognizes that platformization accelerates. Digital plat-
forms have been penetrating in different economic sectors and spheres of life (van 
Dijck et  al. 2018; Poell et  al. 2019). They are defined as organizational models 
(Gawer 2021; Kenney and Zysman 2020) or (virtual) spaces “where social and eco-
nomic interactions are mediated online, often by apps” (Acs et al. 2021: 1635). Dig-
ital platforms are "governing systems" (Schwarz 2017) that exhibit regulatory power 
over the markets/social arenas they mediate.

Our third conceptual dimension states that platformization is a multiagent phe-
nomenon. The subsystems that lead the platformization processes are diverse, not 
restricted to the Market (Mansell and Steinmueller 2020). Corporations have devel-
oped and marketed digital platforms. These proprietary platforms exhibit institu-
tional logics that combine previously separate logics (such as the logic of markets 
and the logic of the regulatory state) (Frenken and Fuenfschilling 2020). Govern-
ments and their agencies have developed platforms for the delivery of public ser-
vices (Thompson and Venters 2021; Mukhopadhyay et al. 2019). International asso-
ciations (Otto and Jarke 2019) and cooperatives also have digital platforms, which 
exemplifies how different actors can develop and operate digital platforms.

Finally, the fourth conceptual dimension highlights that digital platforms and 
socio-economic infrastructures are merging. Once platforms achieve properties 
such as ubiquity, invisibility and essentiality, they generate what has been called 
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"infrastructuralization of platforms" (Plantin et  al. 2018). Pari passu, motivated 
by the control of data flows, intermediary platforms seek to expand upstream and 
downstream, occupying spaces of often public infrastructure platforms, causing 
what can be called the "platformization of infrastructures" (Plantin et al. 2018; van 
Dijck 2020).

Considering the conceptual background above, the phases of the scientific pro-
cess may go through platforming processes led by different social actors, with pos-
sible impacts on the scientific infrastructure. From the above follows our research 
question: what are the ways in which the scientific phases have been "platformed"? 
To guide our investigation, we have broken down the main question into subsidiary 
questions: what is a scientific platform? What are the main types of scientific digital 
platforms? What are the degrees of integration of the main types of scientific digital 
platforms into the research cycle? To answer the previous questions, we first define 
scientific digital platforms as the digital governing systems of virtual spaces that lev-
erage network effects towards one (or more) phase(s) of the scientific research pro-
cess1. However, there are differences among this large population set and we propose 
a taxonomy of scientific platforms summarized in Table 1. As per Hodgson (2019: 
04), taxonomic definitions “concern populations of social phenomena that exhibit 
some degree of commonality and some degree of diversity” and they “identify the 
minimum number of properties that are sufficient to demarcate one group of entities 
from all other entities”.

We characterize each scientific platform category resorting to emblematic scien-
tific platforms (Table  1). Beforehand it is necessary to make a caveat: we do not 
aim to make an inventory of all scientific digital platforms developed from 1990 
to 2020; despite the irruption (and "death") of many scientific digital platforms in 
this 30-year life span, making a census survey of them all is out of the scope of this 
paper. Instead, according to specific criteria we select digital platforms that reveal 
typifying features. The cases were selected through a purposeful sampling guided by 
four criteria: (i) historical relevance, (ii) emergence within the WWW context from 
1990 on; (iii) availability of public information for analysis; and (iv) diversity of 
platform groups in relation to specific social subsystems. The next section discusses 
each of the types in detail.

It is worth noting how each of the groups of scientific platforms is associated with 
one of the three "great subsystems of modernity" (Nowotny et al. 2003): State, Market 
and Science. The associations are not exclusive, but they reflect historical relevance. 
For example, there are archives developed by Market and State actors, but the role of 
the scientific community (Science subsystem) was and continues to be the most rel-
evant in the development and operation of this group of scientific platforms.

As an exploratory study, we resorted to documents from companies, such as cor-
poration brochures; public platform documents, such as government reports, white 
papers and awards; news and letters published in specialized journals for the com-
munication of the scientific community (e.g., Nature). For comprehensibility rea-
sons, Table 3 (Annex) presents a complete list of documents accessed.

1 We thus disregard general purposed platforms that may also be used at some stage of the scientific pro-
cess, e.g., LinkedIn, Twitter, Amazon Mechanical Turk.
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The Platformization of Research Phases: An Exploratory Analysis

Two steps were essential to enable the emergence of digital platforms: the creation 
of the physical structure of the network of networks, also known as the Internet; and 
the definition of a standard for navigation and guidance on the internet via common 
protocols, the WWW (Mansell and Steinmueller 2020). In its origin, before all com-
mercial restrictions on its use were lifted in 1995, the Internet was used mainly by 
academic communities (Vickery 1999). Notwithstanding that, other actors, includ-
ing funding bodies and profit-seeking companies, were also responsible for develop-
ing new technological trajectories. Our analysis revolves around three social subsys-
tems for analytical simplicity: Science (e.g., research community), State (e.g., public 
administration), and Market (e.g., private sector).

Science Subsystem

Archives and Repositories: Quick and Dirty Access

When Tim Berners-Lee developed the WWW in the early 1990s, within the Conseil 
Européen pour la Recherche Nucléaire (CERN), the aim was to facilitate scientific 
communication and the dissemination of scientific research (Tim Berners-Lee and 
Fischetti 2000). It quickly disseminated and allowed the upsurge of new artifacts. 
Therefore, it has dramatically reshaped the way scientific production could be stored 
and shared, allowing research communities to create their web platforms. That was 
the case of Paul Ginsparg, who wanted to develop an online academic repository. 
He envisioned “an expedient hack, a quick-and-dirty email-transponder written in 

Table 1  Taxonomy of scientific platform groups and representative science platforms

Source: authors’ own.

Great sub-
systems of 
modernity

Scientific platform 
group

Emblematic scien-
tific platforms

Platform sides

Science Archives and reposi-
tories

ArXiv Authors and readers of articles and 
preprints

Citizen Science 
Platform

Zooniverse Project managers and volunteers

State National e-portfolios Lattes Platform Researchers and research institutions
Grid TeraGrid/XSEDE Holders and demanders of idle comput-

ing capacity
Science gateways HUBzero Application developers and users

Market Publishers Elsevier Journals Article authors and readers
Academic Social 

Networks (ASN)
Academia.edu; 

ResearchGate; 
Mendeley

Researchers; supply and demand for job 
positions

Crowdwork Prolific Academic Survey researchers and participants
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csh to provide short-term access to electronic versions of preprints” (Ginsparg 2011: 
2620) and then came up with ArXiv2 in 1991. Ginsparg’s "expedient hack" became, 
in 2020, a central platform for scientific dissemination of results, registering 4.2 mil-
lion active users, storing 1.8 million articles, and managing 1.89 billion downloads 
(ArXiv 2020).

ArXiv’s success is due to a set of characteristics. Perhaps the main one is the 
balance between the speed of dissemination and the maintenance of the quality of 
the material admitted to the platform, which are essential shared values for the sci-
entific communities. The voluntary curatorship of scientists who assess whether the 
submitted material reaches a minimum degree of validity and interest to the commu-
nity achieves this balance. Given the information overload (ArXiv received 16,000 
articles per month in 2020), the platform complements the curatorial work with 
machine learning systems that warn of possible items that deserve special attention 
(Ginsparg 2011: 2623).

In addition to the balance mentioned, the platform’s governance also stands out: it 
is maintained by contributions from user institutions, and Cornell University Library 
conducts its maintenance and operation. Important decisions are made in commit-
tees that involve both the maintainers and the user community, following the par-
ticipatory ethos of the community that developed and used the platform (Ginsparg 
2011). ArXiv has always valued openness and transparency and provides application 
program interfaces (API) so that third parties can use their data responsibly. In addi-
tion to the open data policy, the platform promotes ArXivLabs, a window through 
which the community proposes innovations as additional features for the platform.

Since its inception, the platform has paved the way for innovations attributed to 
the users themselves, such as decentralized data collection. This pioneering type of 
crowdsourcing “foreshadowed the ’interactive web’, insofar as it provided a rudi-
mentary framework for users to deposit content” (Ginsparg 2011: 146).

ArXiv was disruptive, and it became the model for many followers. For instance, 
in 1993, NetEc—a website to improve the communication of research in Econom-
ics—was created, and in 1997, it became RePEc3, a decentralized repository of 
scientific articles in that field. Another example is the “e-biomed” initiative, which 
looked for ways to update the dissemination of results in life sciences. The results 
of “e-biomed” are now PubMedCentral and PLoS, essential centers of open science 
(Ginsparg 2011). Other initiatives were flourishing worldwide, as the development 
of the network for geological and environment data (Pangea) in 1993 in Germany, 
conceived to be a data archive and a scientific tool (Diepenbroek et al. 2002).

During the 1990s, the scientific community had used the WWW to bypass tradi-
tional means of publication, using platforms such as ArXiv. In the first decade of the 
2000s, part of the scientific community pressured the private institutions that domi-
nated the cycle of publication and distribution of scientific literature: the publish-
ers. They did so by promoting open science, defined as “a scientific culture that is 
characterized by its openness. Scientists share results almost immediately and with 

2 https:// arxiv. org, accessed on 04/20/2022.
3 http:// repec. org, accessed on 04/20/2022.

https://arxiv.org
http://repec.org


7

1 3

The Platformization of Science 

a vast audience” (Bartling and Friesike 2014: 10). Traditional journals’ practice of 
charging for access to scientific results became a natural enemy of open science.

The 2000s testified the growth of this movement4. In 2002 came the Budapest 
Open Access Initiative (BOAI), and the declarations of Berlin (2003) and Bethesda 
(2003) soon followed. According to Suber (2012), this “BBB [Budapest, Berlin and 
Bethesda] definition of open access” was devoted to removing price tags and per-
mission barriers (copyrights) from peer-reviewed research. These and other initia-
tives focused on the wide dissemination of scientific results constitute what Fecher 
and Friesike (2014) call the “democratic school” of open science. This stream 
within open science is concerned with access to knowledge and advocates that “any 
research product should be freely available […] everyone should have the equal 
right to access knowledge, especially when it is state-funded” (Fecher and Friesike 
2014: 25).

The technical possibility of opening science through the web 2.0 is responsible 
for the growing momentum of open science in the 2000s5. The BOAI highlighted 
how the Internet would allow the free distribution of scientific information. Bar-
tling and Friesike (2014) find that any open science approach is closely linked to 
the technological developments of the Internet. These developments make up a sys-
tem of intertwined components (e.g., unique researchers’ IDs, platforms, altmetrics, 
social networking) that make open science viable when established. From the global 
Directory of Open Access Repositories (OpenDOAR), founded in 2005, it is pos-
sible to see the increase from just 78 directories/archives in December 2005 to 1,322 
in December 2009 (Figure 3, Annex).

On the agenda, the democratic open science school promotes both open data and 
open access. Open data has a more researcher-centered connotation, as it intends 
to enable reproducibility, leverage the confidence of scientific results, and optimize 
research efforts. On the other hand, open access is less researcher-centric and results 
in the view of scientific knowledge as a universal right (Fecher and Friesike 2014). 
The 2000–2010 decade saw a multiplication of digital platforms to enable open data 
and open access.

Archives and repositories’ platforms connect knowledge producers with knowl-
edge consumers. Like mundane sharing economy platforms, they thrive on network 
effects: platforms with great articles will be more attractive to the knowledge seeker. 
However, due to their non-commercial nature, these repositories often follow the 
guidance of the Open Archives Initiative (OAI) Protocol for Metadata Harvesting 
(PMH), which makes them interoperable. By including this protocol in the architec-
ture and governance of the platform, repositories allow users to use a single search 

4 Suber’s (2012) extensive notes allow us to observe how open science initiatives existed before the 
2000s. At the same time, his records demonstrate how the movement took off from this decade on. View 
the timeline at https:// dash. harva rd. edu/ bitst ream/ handle/ 1/ 47241 85/ suber_ timel ine. htm, accessed on 
04/20/2022.
5 An old tradition and a new technology have converged to make possible an unprecedented public 
good. The old tradition is the willingness of scientists and scholars to publish the fruits of their research 
in scholarly journals without payment for the sake of inquiry and knowledge. The new technology is 
the internet. The public good they make possible is the worldwide electronic distribution of the peer-
reviewed journal literature and unrestricted access to it by all scientists, scholars, teachers, students, and 
other curious minds.

https://dash.harvard.edu/bitstream/handle/1/4724185/suber_timeline.htm
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tool to find the information they are looking for (Suber 2012: 56). This is an essen-
tial difference between digital platforms emerging from the research community and 
commercial digital platforms: while the former seek to reduce the balkanization of 
knowledge and reduce search frictions, the latter only seek to do this within their 
closed gardens, where monetization strategies can be applied. It follows from there 
that, in a commercial-dominated platform universe, reducing the fragmentation of 
scientific knowledge can only occur if there is only one dominant platform, i.e., a 
monopoly. Interoperability is antagonistic to monetization.

Citizen Science Platforms: Extending the Republic of Science

Digitally enabled citizen science is defined as “the emerging practice of using digital 
technologies to crowdsource information about natural phenomena” (Wynn 2017: 
02). This definition implicitly emphasizes the productivity-enhancing role of scien-
tific activity based on the engagement of ordinary citizens. However, according to 
Sauermann et al. (2020), the "productivity view" is only half the history of citizen 
science. Other authors emphasize the "democratization view" of citizen empower-
ment through participation in generating scientific knowledge. This second view, 
particularly, leads Fecher and Friesike (2014) to place citizen science within the 
larger trend of the open science’s public school, in which “Web 2.0 technologies 
allow scientists, on the one hand, to open up the research process and, on the other, 
to prepare the product of their research for interested non-experts.”

Citizen science recent developments are due to the new technical possibilities of 
web 2.0, the use of smartphones, and the diffusion of digital platforms (Sauermann 
et al. 2020; Kullenberg and Kasperowski 2016; Lemmens et al. 2021). Kullenberg 
and Kasperowski (2016) emphasize that, although the voluntary participation of 
lay people in science is not new, it is no longer invisible due to the digital records 
afforded by digital platforms. They identify a growing trend in the number of scien-
tific articles on citizen science around 2010, which coincides with an increase in the 
number of citizen science projects6 hosted by dedicated digital platforms. Scientific 
articles that resulted from projects hosted on digital platforms also grow in number: 
“citizens can be involved in new instances of the scientific process, and in much 
larger numbers due to the logistical affordances of digital platforms” (Kullenberg 
and Kasperowski 2016: 13). Citizen science digital platforms exhibit five character-
istics according to Liu et al. (2021: 440):

 i. present active citizen science projects and activities;
 ii. display citizen science data and information;
 iii. provide overall guidelines and tools that can be used to support citizen science 

projects and activities in general;

6 Citizen science projects vary in terms of the depth of citizen participation. While all projects involve 
data collection and recording, not all allow laypersons to analyze results or set goals. Sauermann et al. 
(2020) propose four categories: from more restricted participation to data collection (collaborative pro-
jects) to more decisive participation, in which there are no professional scientists in the project (autono-
mous projects).
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 iv. present good practice examples and lessons learned; and,
 v. offer relevant scientific outcomes for people who are involved or interested in 

citizen science.

The first digital platform for citizen science (and the biggest one, according to 
Simpson, Page, and De Roure (2014) and Liu et al. (2021)) is Zooniverse (formerly 
Galaxy Zoo), launched in 2007 (Kullenberg and Kasperowski 2016). Zooniverse, 
hosted and managed by the University of Oxford, the Adler Planetarium, and the 
University of Minnesota, evolved from Galaxy Zoo, a project to crowdsource the 
classification of galaxies images. At the time of writing, the platform boasts7 622 
million classifications, filled by approximately 2.3 million volunteers. The projects 
include space to discuss and socialize, and some volunteers are granted specific 
roles and privileges (Tinati et al. 2015) whose purpose is to encourage participants 
further to fulfill their tasks (Kraut and Resnick 2011).

Zooniverse allows scientists and citizen scientists to propose projects to the 
crowd. Then it displays projects and lets volunteers engage in the classification 
efforts. It also connects volunteers with project managers. In a sense, it matches sci-
ence project needs with crowd volunteers. Among the results, Zooniverse projects 
already classified “more than a million galaxies, the discovery of nearly a hundred 
exoplanet candidates, the recovery of lost fragments of ancient poetry, and the clas-
sification of more than 18,000 thousand wildebeest in images from motion sensitive 
cameras in the Serengeti” (Simpson, Page, and De Roure 2014: 1049).

Citizen science platforms are thus important ways to democratize science and 
publicly promote scientific data and information and facilitate knowledge transfer 
to wider audiences (Wagenknecht et  al. 2021), which are typical values of open 
scientific communities. Moreover, they may “facilitate mutual learning and multi-
stakeholder collaboration, get inspiration, integrate existing citizen science activi-
ties, develop new citizen science initiatives and standards, and create social impact 
in science and society” (Liu et al. 2021: 441).

State Subsystem

National e‑Portfolios: Ordering the Ivory Tower

Government platformization is directly linked to the development of systems for sci-
entific and technical information. This field of information science which intersects 
with science and technology (S&T) policy, has evolved with UNESCO’s post-war 
efforts to create an International Scientific Information System (called UNISIST) 
(UNESCO 1971). It was a worldwide bibliographic system that, for various reasons, 
has not materialized (Coblans 1970). Notwithstanding that failure, UNESCO suc-
cessfully promoted scientific and technical information systems worldwide (Sarace-
vid 1980). In the 1970s, for example, several developing countries created their own 

7 https:// www. zooni verse. org, accessed on 04/20/2022.

https://www.zooniverse.org
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S&T information offices, presuming a positive relationship between S&T with eco-
nomic development (Avgerou 1993).

While most developing countries designed national or sectorial scientific and 
technical information systems, developed countries had organic specific-subject 
ones (e.g., chemistry systems, physics systems). Thus, different actors were involved 
in the process: in developing countries, the State was the main responsible for devel-
oping and operating the systems; in developed countries, they were run mainly by 
research communities (Saracevid 1980: 224).

Thus, in the 1990s, governments in developing (and in a few developed) coun-
tries took advantage of new ICT-based technologies to improve their scientific and 
technical information systems. The euphoria was such that “[in many less developed 
countries], ‘Computer’ seems to be in many writings a magic word, the expecta-
tions somewhat naive and unrealistic” (Saracevid 1980: 241). State platforms were 
generally e-portfolios that standardized researchers’ outputs. By centralizing and 
standardizing the scientific production of researchers, e-portfolios systematized the 
inputs that informed funding allocation decisions. Some have also become, both de 
facto and de jure, the standard for disseminating scientific production. According to 
Saracevid (1980), scientific and technical information systems had different users: 
scientists and engineers; business managers and industrialists; administrators and 
policymakers; extension workers; semi-educated persons and illiterates.

Lattes Platform8 is an example resulting from scientific and technical informa-
tion system developments in Brazil. It was developed in a fruitful collaborative net-
work formed by government agencies, public universities, and the private sector. 
The main goal with Lattes Platform was the standardization of Brazilian research-
ers’ curricula and the provision of unique research IDs (before ORCID) This stand-
ardization aimed at constructing a database, making it possible to find specialists 
and provide statistics on the distribution of scientific research countrywide (Lane 
2010). Since it was launched, Lattes Platform has been increasing its scope and its 
base of users. Brazilian government implemented features to spur users’ connec-
tivity based on the stimuli to join all sub platforms. For instance, having updated 
information in Lattes Curricula is a precondition for accessing public funding and 
scientific research. Lattes Curricula homepage provides an outlet that allows users 
to monitor other scholars’ activities (main researches, publications, filiation) (Chi-
arini and Silva Neto 2022). Network effects are present in the Lattes Platform. There 
are one-sided effects: the more researchers use the platform, the greater the value 
perceived by an individual researcher of participating in the network. There are also 
cross-network effects: the more researchers make their information available on the 
Lattes platform, the more institutions require it as a document proving scientific pro-
duction. The more institutions that use the Lattes curriculum, the greater the incen-
tive for a researcher to update theirs (Chiarini and Silva Neto 2022).

8 https:// lattes. cnpq. br/, accessed on 05/03/2022.

https://lattes.cnpq.br/
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Cyberinfrastructure Networks: Power to the Grid

In the early 2000s, developed countries invested in large digital infrastructure pro-
jects for science. In Europe, the UK took the lead: John Taylor, then director-general 
of Research Councils at the Office of Science and Technology (OST), led a five-
year, £ 250 million e-Science program. In the US, the Atkins Report (2003) became 
the landmark of the cyber-infrastructure promoted by the US government through 
funding from the National Science Foundation (NSF), leading to the establishment 
of the Office of Advanced Cyberinfrastructure (OAC)9 (Jankowski 2007: 551). As 
OAC’s name reveals, this initiative (as well as its British counterpart) was focused 
on infrastructure for science in the digital era, as Branscomb (1992) had advertised a 
decade before: investment in public goods as infrastructure would be an S&T policy 
aimed at "enabling innovation" instead of "picking winners."

The British program supported “the e-Science pilot projects of the different 
Research Councils and work[ed] with industry in developing robust, “industrial 
strength” generic Grid middleware” (Hey and Trefethen 2002: 1019). This short 
quotation reveals that the program was (i) infrastructure-focused, (ii) experimental, 
(iii) interdisciplinarity (iv) interactive with the private sector.

Grid computing had its name inspired by the traditional infrastructure of elec-
tric energy: computational services offered on-demand, as well as electric energy. 
To achieve this vision of e-utility, it was necessary to put in place the Grid. In its 
genesis, there was the idea of using idle cycles of distributed computing, i.e., com-
puters with processing power would connect to a network and operate on demand.10 
Matching users with idle resources seem to be a direct ancestor of what became the 
sharing economy platform’s principles (Frenken and Schor 2017). However, e-Sci-
ence scope was much broader than the pooling of resources via aggregation sys-
tems, encompassing: "international collaboration among researchers; increasing use 
of high-speed interconnected computers, applying Grid architecture; visualization 
of data; development of Internet-based tools and procedures; construction of virtual 
organizational structures for conducting research; electronic distribution and publi-
cation of findings" (Jankowski 2007: 552). Platforms were among the middleware 
layer, but the main goal was more ambitious: “Our emphasis is thus on Grid middle-
ware that enables dynamic interoperability and virtualization of IT systems, rather 
than Grid middleware to connect high-performance computing systems, to exploit 
idle computing cycles or to do ‘big science’ applications” (Hey and Trefethen 2003). 
As we will see, this goal would have to wait for the next generation of State science 
platforms.

9 https:// www. nsf. gov/ div/ index. jsp? div= OAC, accessed on 04/20/2022.
10 Such as in the SETI@home project (Hey and Trefethen 2003).

https://www.nsf.gov/div/index.jsp?div=OAC
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It is worth noting a representative case briefly. The NSF launched a call in 2000 
for what would be the seed of the TeraGrid project. The USD 51 million awards 
directed to the MPC Corporation aimed to develop the Terascale Computing Sys-
tem: “The Pittsburgh Supercomputer Center (PSC), a jointly supported venture of 
The University of Pittsburgh and Carnegie Mellon University acting through the 
MPC Corporation, in collaboration with Westinghouse Electric Corporation, will 
put in place at 6 peak teraflop computing system for use by U.S. researchers in all 
science and engineering disciplines.”11 In 2001, the project gained scale: approxi-
mately USD 80 million were allocated to it, through two awards, to develop what 
was called TeraGrid: centered at the University of Illinois, in partnership with four 
more national research centers and with IBM, Intel, Myrinet, Qwest, Oracle and 
SUN, the NSF expected to see a distributed terascale facility “with an aggregate 
of 11.6 TF of computing capability”12 at the end of the project. The NSF granted 
seven more awards until 2005, in a new contribution of USD 80 million. In 2011, 
the project was replaced by XSEDE: eXtreme Science and Engineering Discov-
ery Environment. XSEDE’s first award13, worth USD 121 million, provided for the 
development and operation of the grid between 2011 and 2016. The second14, at 
the cost of another USD 110 million, financed the structure for another five years, 
until 2021. This case demonstrates the government’s leadership, represented by the 
NSF, in setting the goal and funding via awards to develop a broad grid computing 
infrastructure.

The focus on virtualization of IT systems directed the e-Science project to the 
utility model or servitization of computing. Servitization was also a central goal of 
the companies usually involved in funded projects: IBM, Microsoft, Sun (Hey and 
Trefethen 2002). It was not by chance that the leader of the e-Science project, Tony 
Hey, was hired by Microsoft Research after leaving command and that the head of 
the U.K. OST John Taylor had worked at Hewlett-Packard. This "revolving door" 
movement facilitated cooperation between the government and the private sector. 
The millions of pounds and dollars invested in e-Science and Cyberinfrastructure 
projects acted as "public procurement," in which private companies responsible for 
the development of grid systems evolved into servitization years later (PaaS, SaaS, 
IaaS). It is not surprising, therefore, that “cloud computing can be seen as a natural 
next step from the grid or utility model” (Allan 2009: 135). Protected from the risk 
by public money, Big Techs had "intensive training" on providing IT infrastructure 
during the 2000s.

11 https:// www. nsf. gov/ award search/ showA ward? AWD_ ID= 00852 06, accessed on 04/20/2022.
12 https:// www. nsf. gov/ award search/ showA ward? AWD_ ID= 01222 96, accessed on 04/20/2022.
13 https:// www. nsf. gov/ award search/ showA ward? AWD_ ID= 10535 75, accessed on 04/20/2022.
14 https:// www. nsf. gov/ award search/ showA ward? AWD_ ID= 15485 62, accessed on 04/20/2022.

https://www.nsf.gov/awardsearch/showAward?AWD_ID=0085206
https://www.nsf.gov/awardsearch/showAward?AWD_ID=0122296
https://www.nsf.gov/awardsearch/showAward?AWD_ID=1053575
https://www.nsf.gov/awardsearch/showAward?AWD_ID=1548562
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Science Gateways: The Science App Store

As e-science projects advanced, it became more apparent that grid middleware alone 
would not be enough to allow scientific research to enter the digital era. There was 
too much focus on middleware, and there was a lack of focus on end applications 
for users (scientists, researchers, scholars) who could not always customize digital 
tools15. Around 2010, virtual research environments (VRE) projects began to mul-
tiply to fill this gap, since they could “lower barriers by hiding the complexity of 
the underlying digital research infrastructure and simplifying access to best-practice 
tools, data and resources, thereby democratizing their usage” (Barker et  al. 2019: 
243). They were called science gateways in the USA.

Science gateways are “digital platforms that facilitate the use of complex research 
and computing resources” (Parsons et  al. 2020: 491). They focus “on end-to-end 
solutions for a single domain” (Madduri et al. 2015: 02), so even if there are multi-
disciplinary gateways, the majority are discipline-based. Specifying a gateway con-
cerning the needs of a specific research community (e.g., GHub16, the science gate-
way for Glaciology) “also differentiates between science gateways and the generic 
cyberinfrastructure on which they build” (Barker et al. 2019: 241). As of this writ-
ing, the Science Gateway Catalog17 of the Science Gateway Community Institute 
(SGCI) (funded by the National Science Foundation) registers 531 gateways.

Over the past decade, many governments have created programs to fund the 
development of science gateways. Allan (2009) presents a list of projects that, in the 
late 2000s, moved from e-science to science gateways and VRE. Barker et al. (2019) 
mention CANARIE, Canada’s government-funded initiative; SGCI, founded in 2016 
by NSF with initial funding of US$15 million; SCI-BUS, financed by the Horizon 
2020 program of the European Union; and National eResearch Collaboration Tools 
and Resources (Nectar), funded by the Australian Government (2011–2017).

Although we relate science gateways with the State subsystem, it is essential to 
emphasize that the scientific community has a central role in the subsequent devel-
opment of these platforms: in the design of the platform, providing input on its idi-
osyncratic needs; in the continuous construction of new platform features when it 
is open source and therefore extensible (Allan 2009: 12); in the maintenance of the 
platform itself, which demands new jobs and career-paths for facilitators, research 
software engineers, and science gateway creators (Parsons et al. 2020), generation of 
content that is shared by it, among other functions. It is critical to highlight the gov-
ernment projects’ initiative, funding, and institutionality given to science gateways.

15 One clue to the need to focus on usability is found in the award for the second iteration of XSEDE, the 
grid computing network mentioned in the previous session: XSEDE 2 will also respond to the evolving 
needs and opportunities of science and technology. [...] The project will continue to innovate the use of 
"e-science portals" (also known as Science Gateways). Science gateways provide interfaces and services 
that are customized to a domain science and have an increasing role with facilities and research cent-
ers, collaborating on large research undertakings (e.g., Advanced LIGO, Polar Geospatial Center). This 
approach facilitates broad community access to advanced computers and data resources. Science gate-
ways are now serving more than 50% of the user community.” (https:// www. nsf. gov/ award search/ showA 
ward? AWD_ ID= 15485 62, accessed on 04/20/2022).
16 https:// vhub. org/ groups/ ghub, accessed on 04/20/2022.
17 https:// catal og. scien cegat eways. org/#/ home, accessed on 04/20/2022.

https://www.nsf.gov/awardsearch/showAward?AWD_ID=1548562
https://www.nsf.gov/awardsearch/showAward?AWD_ID=1548562
https://vhub.org/groups/ghub
https://catalog.sciencegateways.org/#/home
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The contribution of the NSF was fundamental for the development of HUBzero, 
“an open-source software platform for building powerful websites that host analyti-
cal tools, publish data, share resources, collaborate and build communities in a sin-
gle web-based ecosystem.”18 In other words, HUBzero is a customizable platform 
for developing other platforms. Its intention to facilitate “Gateway as a Service” 
was responsible for bringing the digital scientific workflow to the masses (McLen-
nan et al. 2015). Funded by the NSF to create the Nanotechnology Science Gateway 
(NanoHUB), the project successfully created a customizable framework that houses 
more than 25 other active science gateways. The science gateways built on the 
HUBzero framework register a flow of more than 2 million users—serving over 280 
thousand users annually distributed over 172 countries (Madhavan et al. 2013)—and 
include features ranging from the conceptualization of research projects to the pub-
lication of data sets, in addition to, of course, accessing high-performance computa-
tional resources on the grid. In addition to being free to use, the platform is open and 
allows for community additions, with codes made available via GitHub.

Market Subsystem

Publishers: Knowledge Oligopolies?

Academic publishers own the most traditional scientific platform. Controllers and 
disseminators of scientific journals were established about 350 years ago as bridges 
between writers and readers. In the late 1990s, they moved into a dual process of 
market consolidation and digitization. Larivière et al. (2015) demonstrated that from 
2000 onwards, journal acquisitions increased, and five commercial houses—Reed-
Elsevier, Springer, Wiley-Blackwell, SAGE Publications, and Taylor & Francis—
became an oligopoly (Larivière et al. 2015).

In some scientific disciplines, such as psychology, the Big 5 controls more than 
70% of the journals present in WoS. Their profit margin exceeded that of industries 
such as pharmaceuticals, and operating profits grew nearly sixfold (for Scientific, 
Technical & Medical division of Reed-Elsevier) between 1991 and 2013 (Larivière 
et al. 2015). It should be noted how, in the 2000s, publishers integrated other plat-
forms with journals. Hence the launch of Scopus by Elsevier in 2004, competing 
with the WoS index. Today, Reed-Elsevier.

The advancement of the digital age has led publishers to reposition themselves. 
Elsevier’s corporate brochure19 states that “while the proliferation of information 
brings opportunity, it also brings challenges.” For this reason, the company calls 
itself “a global leader in information and analytics.” This broadening of scope relates 
to the expansion of scientific knowledge flows in the digital age. As pointed out by 
Delfanti (2021: 08), “the boundaries between ‘gray’ and ‘formal’ scholarly objects 
blur” due to “the technological affordances of digital media, which can publish any 

18 https:// hubze ro. org/ about, accessed on 04/20/2022.
19 https:// www. elsev ier. com/__ data/ assets/ pdf_ file/ 0010/ 11430 01/ Elsev ier- corpo rate- broch ure- 2021. pdf, 
accessed on 04/20/2022.

https://hubzero.org/about
https://www.elsevier.com/__data/assets/pdf_file/0010/1143001/Elsevier-corporate-brochure-2021.pdf
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number of objects and are not limited by the constraints that limit journals, with 
their periodical schedules and cumbersome peer review processes.”

Since academic publishers could not contain the leakage of scientific knowledge 
flows, the solution for their business model is to control as many platforms (and as 
many scientific processes phases) as possible that position themselves as curators 
and distributors of these flows:

In 2016, the owner of Web of Science spun off that unit to purchase by a pri-
vate equity firm, where it was renamed ‘Clarivate Analytics.’ Then, in 2017, 
Clarivate bought Publons, with the justification that it would now be able to 
sell science funders and publishers ‘new ways of locating peer reviewers, find-
ing, screening and contacting them’ […] Elsevier first purchased Mendeley (a 
Facebook-style sharing platform) in 2016, then followed that by swallowing 
the Social Science Research Network, a pre-print service with strong represen-
tation in the social sciences (Pike, 2016). In 2017 it purchased Berkeley Eco-
nomic Press, as well as Hivebench and Pure” (Mirowski 2018: 197).

That occurred without the decentralization of the traditional peer-reviewed jour-
nals market. In 2020, “Elsevier’s article output accounts for about 18% of global 
research output while garnering approximately 27% share of citations.”20 The expan-
sion to new digital platforms reflects the emergence of a new competitor in scientific 
platforms: academic social networks.

Academic Social Networks: You have a New Follower!

Despite HASTAC 21 being considered the world’s first ASN developed within the 
research community, many for-profit venture capital-funded technology startup com-
panies created virtual loci for personal communication and information change, creat-
ing specific online communities for researchers (Jordan 2019). Those for-profit plat-
forms started to pop up in the late 2000s—following the footsteps of conventional and 
generic social networks such as MySpace, Facebook, and LinkedIn—and their growth 
from 2010 started to call attention to their benefits but also about how they could dis-
rupt the research landscape by capturing public content (Van Noorden 2014).

The three giant ASN platforms are today Academia.edu, ResearchGate, and Men-
deley (acquired by Elsevier in 2013) (Table  4, Annex). However, their historical 
development is not similar, and it is possible to divide them into two main categories. 
First, there are platforms whose aim was to facilitate profile creation and connection 
(as Academia.edu and ResearchGate); secondly, there are those whose primary aim 
was to store and share academic-related content, which later combined social network 
capabilities (as Mendeley) (Jordan 2019). Despite the two categories, ASN positions 
itself in competition with academic publishers rather than social media (Jordan 2019).

As of ResearchGate, for example, it was built referencing prior technologies 
such as Google’s system and method for searching and recommending objects from 

20 Ibidem.
21 https:// www. hastac. org/, accessed on 04/20/2022.

https://www.hastac.org/
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a categorically organized information repository (Pitkow and Schuetze 2006) and 
LinkedIn’s method and system for reputation evaluation of online users in a social net-
working scheme (Work et al. 2005). It was then in its original idea the development of 
a system for sharing academic content for academic users (Hofmayer et al. 2015).

Jordan (2019) provides a comprehensive review of the empirical literature related 
to ASNs, and throughout assessing over 60 publications, she concluded that despite 
open access dissemination of academic publications being the most used benefit 
related to the role of ASNs, they also benefit in terms of speed in comparison to 
academic repositories and enhance reach and citations. Notwithstanding that ASNs 
are more than publishing and repository digital platforms, they also allow scholars 
to interact virtually—but it is also true that interaction is undertaken by a minority 
of users so far. As for all sorts of technologies, not only does ASN provide benefits, 
but it may also open unprecedented risks for the structure and evolution of science.

The rapidly growing academic inputs into ASNs generate scholarly big data that can be 
used by research communities to understand scientific development and academic interac-
tions and for policymakers to solve resource allocation issues (Kong et al. 2019). However, 
scholarly big data gathered by ASNs are kept privately. ASN are also expanding to other 
scientific phases; for instance, Academia.edu has developed its "Academia Letters," which 
“aim to rapidly publish short-form articles such as brief reports, case studies, ’orphaned’ 
findings, and ideas dropped from previously-published work.”22 Publishers have been 
threatening to remove millions of papers from ASN (Van Noorden 2017) and have sued 
ResearchGate over copyright infringement (Else 2018; Chawla 2017) which had to remove 
thousands of publications from its website: the dispute is far from being solved.

Crowdwork: Over the Shoulders of Crowds

Outsourcing work is not a new trend; however, digital platforms have opened up new 
horizons. “Crowdwork functions as a marketplace for the mediation of both physical 
as well as digital services and tasks” (Howcroft and Bergvall-Kåreborn 2019: 23). 
This marketplace has five main constitutive elements: the digital platform, the labor 
pool, employment contracts, algorithmic control and, digital trust. Among several 
types, online task crowdwork platforms (Howcroft and Bergvall-Kåreborn 2019) are 
the most active in the context of scientific research phases.

The online task crowdwork platforms “offers paid work (sometimes subject to 
requester satisfaction) for specified tasks and the initiating actor is the requester. 
The tasks are modular, ranging from microtasks to more complex projects, with the 
potential for further Taylorisation” (Howcroft and Bergvall-Kåreborn 2019: 26). 
Researchers have used these platforms to carry out surveys quickly and cheaply, 
when compared to traditional ways. The main platform23 dedicated to this type of 
mediation between researchers and respondents is Prolific Academic (PoA).

PoA was founded in 2014 and received its first round of venture capital (USD 
1.2 million) in 2019. The platform matches over 130,000 respondents with 25,000 

22 https:// www. acade mia. edu/ lette rs/ about, accessed on 04/20/2022.
23 Amazon Mechanical Turk is used extensively for the same purpose, but it is not dedicated to the 
mediation of a scientific activity. As a general-purpose crowd work platform, it falls outside the scope of 
analysis of this article.

https://www.academia.edu/letters/about
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researchers from over 3,000 institutions around the world24. Researchers can select 
specific profiles of respondents: “Our participant pool is profiled, high quality and 
fast. The average study is completed in under 2 hours. Filter participants using 250+ 
screeners (e.g., sex, age, nationality, first language), create demographic custom 
screeners, or generate a UK/US representative sample.”25

The increased use of this solution in behavioral research has led to questions about 
the quality of these data. Eyal et al. (2021) conducted a study comparing the quality of 
data on three crowdwork platforms (Amazon Mechanical Turk—AMT, CloudResearch 
and PoA) and two panels (Qualtrics and Dynata) used in behavioral research. They tested 
the quality of the data in terms of respondent’s attention, comprehension, reliability, and 
dishonesty. Their results point to PoA as a platform with better data quality and AMT 
as a platform with worse data quality. Although the authors see an improvement in data 
mediation patterns, they point out that “data quality remains a concern that researchers 
must deal with before deciding where to conduct their online research” (Eyal et al. 2021).

Discussion

The science platform ecosystem is complex and there is a constellation of scientific plat-
forms from varying historical moments coexisting (Figure 1). The types of platforms ana-
lyzed in the previous section have in common the fact they are governing systems of virtual 
spaces that leverage network effects towards one (or more) phase(s) of the scientific research 

Figure 1  Science digital platform ecosystem, 1990–2020. Source: Authors’ own.

24 https:// www. proli fic. co/ about, accessed on 05/03/2022.
25 https:// www. proli fic. co/# audie nce, accessed on 05/03/2022.

https://www.prolific.co/about
https://www.prolific.co/#audience
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process. Notwithstanding that, they also differ in terms of the social subsystem (Science, 
Market and State, as presented previously), and at least, in two other aspects: (i) the degree 
of integration into the research life cycle; and, (ii) the research phase they target.

Degree of Integration into the Research Life Cycle

It is possible to identify scientific digital platforms according to their degree of inte-
gration into the research life cycle. When scientific digital platforms are so embed-
ded into the scientific practice, being more than just technical assemblage of things, 
they can be considered part of the research infrastructure, which can be understood 
“as deeply relational and adaptive systems where the material and social aspects are 
in permanent interplay. They are embedded in the social practice of research and 
influenced by environmental factors” (Fecher et al. 2021: 500). In other words, when 
platforms are part of the actual scientific practice, they can be considered part of the 
infrastructure, otherwise, they are purely a service.

For example, while scientific journals going online shows the platformization of 
an infrastructure, national e-portfolios becoming indispensable (Lattes Platform is an 
example) is an example of infrastructuralization of a platform. In 2021, Lattes Platform 
suffered a breakdown and was unavailable for more than a month, clarifying its infra-
structural character: its criticality was revealed when it failed and lost its “invisibility” 
(Chiarini and Silva Neto 2022). Other platforms, on their turn, are still not indispen-
sable or ubiquitous, e.g., crowdwork is restricted to a specific type of research—sur-
veys—and there are traditional substitutes. Still others, such as ASNs seem to be aim-
ing at dominance through infrastruturalization, but they seem to be in a process of 
embedding into scientific practices (Fecher et  al. 2021). This process that naturally 
takes some time due to the need to "conquer" users, may take a little longer in this 

Figure 2  Science digital platform ecosystem by science phases. Source: Authors’ own.
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case. As Figure 2 demonstrates, ASNs and publishers overlap in terms of the phase of 
the scientific process; this puts them on a collision course, as already discussed.

Science Phases: From Data Collection to Dissemination

Data Collection

Digitization has impacted one of the most fundamental and traditional phases of the 
scientific research process: data collection. With digitization, trends such as open 
data, open government data and citizen science have created new ways of obtaining 
data for scientific purposes (Dai et al. 2018).

We presented that State actors sponsored the development of two types of digital 
platforms with impacts on the data collection phase. Both cyberinfrastructure and sci-
ence portals offer tools to expand the potential for capturing and manipulating data. 
This is due not only to access to computational power and new customized software, 
but also to the network of researchers formed around science gateways. Both types are 
infrastructures, but science gateways are fragmented and differ in terms of research 
areas. Although the funding is from the State, the management of these platforms is car-
ried out closely within the Science subsystem. Therefore, these platforms present par-
ticipatory governance (which aggregates actors from more than one social subsystem).

Citizen science platforms enable distributed capture and centralized analysis of 
data. There are many challenges related to obtaining this type of data: public mobi-
lization, correctly selected audience, organizational obstacles, technical difficulties 
and questions about the validity of the data (Dai et al. 2018). It should be noted that 
citizen science platforms are voluntary initiatives led by the research community. 
Their governance is participatory and their scope is limited to some research areas, 
positioning them as a service and not as an infrastructure. Crowdwork platforms 
offer a cheap and efficient way to collect data for surveys. Because they are propri-
etary, they do not face some of the difficulties that citizen science platforms do, such 
as encouraging participation (which occurs via remuneration). However, there are 
questions about the quality of these data. Crowdwork platforms offer a service to 
a very specific niche of the Science subsystem: researchers whose method is based 
on surveys. Even if this makes the use more concentrated in the areas of psychology 
and medicine, for example, this service may, at some point in the future, become a 
proprietary scientific infrastructure.

Experimentation/Analysis

Experimentation is the leitmotif of grid computing enabled by cyberinfrastructure 
initiatives. As we have seen, without the friendly and customizable complement 
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of science gateways, their effectiveness was constrained. Together, they engender 
the “platformization of [experimentation] infrastructure” (Plantin et  al. 2018). As 
we have seen, its governance is participatory, which does not exempt it from prob-
lems, but it seems to guarantee that major conflicts are resolved through consultation 
within the platforms themselves. According to Dai et al. (2018), citizen science plat-
forms are in the process of extending their capabilities. They would become “a pow-
erful mechanism for co-designing experiments and co-producing scientific knowl-
edge with large communities of interested actors” (Dai et al. 2018: 15).

Publication

The publishing phase witnesses friction between platform types in a quest for space. 
It is marked by the platforming of an infrastructure almost as old as science: sci-
entific journals are owned by half a dozen publishers and have been digitized over 
the last two decades. A few years ago, publishers were so well positioned that some 
researchers saw no solution other than to rebel against the transfer of resources 
(mostly public) from universities to the cashier of an oligopoly of scientific publish-
ing. Today, ASNs are fighting a battle over the interface (Srnicek 2017): by making 
articles available on their platforms, ASNs seek to neutralize the utility of publish-
ers and redirect the flow of attention to their interface. As publishers activated legal 
mechanisms to reverse this strategy, ASNs now seem to have adopted two comple-
mentary strategies: approaching the low-end of the market, i.e., small publishing 
houses; and offer a new publishing medium embedded in their own platforms (e.g., 
Academia Letters). Today ASNs mainly offer two services: alternative publishing to 
traditional publishers and dissemination. Their strategy is clear: move from a service 
provider to a provider of proprietary scientific infrastructure (Fecher et  al. 2021). 
For this reason, they are "transitioning" from service to infrastructure (Table 2).

Dissemination/Outreach

Mostly all groups of digital platforms contribute to the dissemination phase of 
the research process. ArXiv is dedicated to “the rapid dissemination of scholarly 

Table 2  Scientific digital platforms types by social subsystem and by degree of integration into the 
research life cycle

Source: Authors’ own.

Social Subsystems Degree of integration into the research life cycle

Service “In transition” Research Infrastructure

Science – Citizen science Archives,
Repositories

State – – Cyberinfrastructure,
Science gateways,
e-portfolios

Market Crowdwork ASNs Publisher’s
scientific journals
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scientific research”26 and Zooniverse curates “datasets useful to the wider research 
community, and many publications.”27 Within State subsystem, national e-portfo-
lios such as Lattes Platform can assist in the preservation and dissemination of sci-
entific production28 and science gateways as HUBzero “publish data, [and] share 
resources”29 and, although it serves different communities, “the hubs all support 
(…) dissemination of scientific models” (McLennan and Kennell 2010: 48). Finally, 
considering the Market subsystem, publishers like Elsevier have the “job to dissemi-
nate research and improve understanding of science”30 and ASNs as ResearchGate 
“offer[s] a home for you—a place to share your work and connect with peers around 
the globe”31 and Academia.edu aims at “broad dissemination.”32

Conclusions

We defined scientific digital platforms and outlined a typology based on three cri-
teria: association with a specific social sub-system, degree of integration into the 
research process and phase of the scientific research process. We observe that there 
are a large number of platforms that become infrastructures and infrastructures that 
have become platformed, although this does not invariably occur. Our long-term per-
spective and broad scope allow us to frame the platformization of science as a pro-
cess that already has a broad legacy constituted from the development of platforms 
by actors from different social subsystems (Market, State and Science). Research 
communities and the public administration were the first actors to be engaged in this 
process in the first half of the 1990s, while private companies engaged in this pro-
cess in the late 1990s. We now observe a very dynamic commitment of the Market 
to be part of the science platformization process.

The limitations of the article stem from our scope and methodological choices. 
When trying to understand the big picture, there is no space for detailing each of the 
taxonomy presented, and the mini-cases described offer only a glimpse of their main 
features. Furthermore, by choosing to structure our paper around the notion of large 
groups of platforms, we can bypass platforms that exhibit mixed characteristics, which 
would place them in more than one group in our taxonomy. Our clustering proposal is 
limited in the sense that digital platforms are highly flexible and dynamic (van Dijck 
2020). New configurations and functionalities are added and deleted overnight, super 
platforms emerge and coalesce once separate categories. Still, to understand the histor-
ical movement in the last thirty years, the groupings come close to a rough taxonomy.

As a result of our exploratory study, we conclude with three issues that deserve 
further attention. First, the relationship between scientific platforms and platform 
economics in general deservers further investigation. We found evidence that 

26 https:// arxiv. org/ help/ polic ies/ code_ of_ condu ct, accessed on 05/03/2022.
27 https:// www. zooni verse. org/ about, accessed on 05/03/2022.
28 https:// lattes. cnpq. br/, accessed on 05/03/2022.
29 https:// hubze ro. org/, accessed on 05/03/2022.
30 https:// www. elsev ier. com/ open- scien ce/ scien ce- and- socie ty, accessed on 05/03/2022.
31 https:// www. resea rchga te. net/ about, accessed on 05/03/2022.
32 https:// www. acade mia. edu/ journ als/1/ about, accessed on 05/03/2022.

https://arxiv.org/help/policies/code_of_conduct
https://www.zooniverse.org/about
https://lattes.cnpq.br/
https://hubzero.org/
https://www.elsevier.com/open-science/science-and-society
https://www.researchgate.net/about
https://www.academia.edu/journals/1/about
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platforms for science exhibited traces of avant-garde platform economics. Platforms 
from the Market subsystem were not always the "innovation locomotive" as one may 
expect. Many traits of private scientific platforms, and even platform economy gen-
eral features, can be traced back to State or Science social subsystems initiatives. In 
order to understand the genesis of the platform economy, this topic comes up with 
great importance.

Although it was not the scope of this paper, we also believe that the science plat-
formization process might have considerable impacts on science production as a social 
process, and it may alter established principles and values of the scientific communi-
ties. “Research communities have always been vitual communities that cross national 
and cultural borders. (…)”, however, these interactions were “limited by constraints, 
both physical and technical; now, as a result of advances in ICT, interaction is uncon-
strained, and instantaneous” (Nowotny, Scott, and Gibbons 2003: 187).

There are already studies on how ICT-based technologies, such as ASNs trans-
form the ways scholars conduct their work (Borgman 2007; Weller 2011; Veletsi-
anos and Kimmons 2012; Veletsianos 2016; Veletsianos et al. 2019), for example, 
by shaping e-publishing (Taha et al. 2017). We wonder whether science digital plat-
forms could be considered a Grilichesian “invention of a method of inventing” (IMI) 
(Griliches 1958), with a much larger impact on science process than simply consid-
ering the “general purpose technology” (GPT) character of digital platforms.

Finally, it is necessary to critically analyze digital platforms as scientific infra-
structures. In particular, consideration should be given to the extent to which private 
scientific infrastructures serve the public interest well. Coming up with the classes 
and classifying them according to the framework provides only a very superficial 
idea of how these structures that co-opt scientific flows affect society beyond the 
scientific sphere. An in-depth investigation could consider how each platform group 
is positioned, considering whether there are subordinate relationships between them 
(van Dijck 2020) and how these relations affect social-relevant values and outputs.

Funding Funding was provided by Coordenação de Aperfeiçoamento de Pessoal de Nível Superior, 
88882.329792/2019-01, Victo José da Silva Neto.
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Table 4  Main information about selected ASN

Source: authors’ own. Data sourced from Crunchbase and USPTO. Note: (*) Total (non-unique) visits to 
site for April/2021; includes desktop and mobile web. (**) These include Viewport Meta, IPhone/Mobile 
Compatible, and SPF.

Academia.edu ResearchGate Mendeley

General details
Founded year 2007 2008 2008
Location San Francisco Berlin London
Legal name Academia Inc. ResearchGate GmbH Mendeley Ltd.
Company type For-profit For-profit For-profit
Number of employees 101–250 251–500 51–100
Web monthly visits (million)* 64.31 165.89 6.68
Funding round details
Number of funding rounds 6 4 2
Total funding amount (USD million) 33.80 87.60 2.10
Funding raise period 2007–2019 2010–2017 2009–2012
Number of investors 11 22 6
Technological details
Number of patents at USPTO 1 19 0
Number of active technologies used for 
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13 44 73
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