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Summary 
Science and science communication are considered crucial to respond to global crises such as climate 

change or pandemics. At the same time, debates about the role of online communication in the 

dissemination of scientific knowledge are fueled by concerns about populist political movements, 

increased commercialization, and the spread of misinformation. 

As public conversations around science move into digital contexts, new actors and mechanisms are 

shaping the way people talk about science in online “knowing spaces”. While some discussions focus 

on the risks of dis- and misinformation, others emphasize the encouraging opportunities for 

professional science communication and for direct exchanges between scientists and members of 

the public. But both perspectives risk missing important actors and practices: In online spaces, 

complex sociotechnical systems mediate engagement with science. They involve informal and 

collective interactions between technical features, social norms, and overlapping communities. 

This thesis explores the science communication practices in informal science-oriented online spaces 

in the context of global crises. The websites of climate movements and discussions of the pandemic 

on Reddit serve as examples of non-professional actors and practices that recontextualize science 

communication online. Drawing on Science and Technology Studies, science communication 

research, and internet research, this dissertation addresses the following research question: In 

science-oriented online contexts relating to global crises, what traces are visible of ‘behind-the-

scenes actants’ shaping conversations about science? 

In paper 1, I examined the use of hyperlinks on the websites of two climate movements, Fridays for 

Future (FFF) and Extinction Rebellion (XR). This paper contributes to a conversation about activists as 

alternative science communicators. Although both movements emphasize ties to academic science 

and amplify existing science communication, I saw differences in the sources they refer to and the 

contexts they reassemble them into. 

Paper 2 investigates the data practices (i.e., the social use of technical affordances) in three 

coronavirus-related subcommunities on the social media platform Reddit. The paper builds on the 

concept of data practices, showing that data practices differ not only between platforms but also 

between communities on the same platform. 

Paper 3 continues the investigation of coronavirus-related information on Reddit. In this paper, I 

focused on the role of moderators, the tools they use, and the relationships they maintain with user 

communities and platform management. I followed three major controversies related to content 

moderation in the wake of the pandemic. This paper expands on the notion of platform dialectics to 

distinguish between interactions within communities and interactions across the platform at large, 

and how they shape coronavirus-related discussions. 

My thesis calls for attention to context in science communication. I show how actors informally take 

on roles as science communicators, and how seemingly similar communities informally engaging with 

science can develop different collective practices and interactions. While professional science 

communication efforts still play an influential role in these knowing spaces, the communities mediate 

and recontextualize them in different ways. 

For both practitioners and researchers in science communication, informal recontextualization 

deserves attention. My thesis shows that work inspired by Science and Technology Studies and 

internet research can provide the tools to identify and characterize different online contexts, thus 

contributing to a more nuanced understanding of online conversations around science. 
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Introduction 
This thesis explores how people interact with science in online contexts. Science has close but often 

indirect ties to people’s daily lives. In the face of global challenges, conversations around science 

become entangled with other issues. Increasingly, arguments are made for the role of science and 

science communication in addressing for example climate change or pandemics. At the same time, 

new communication technologies change the way we talk about these issues. In online contexts, 

distinctions of formal and informal, public and private, and social and technical aspects of our 

conversations are increasingly blurry. This leads to complex interactions. It changes who and what 

shapes the conversation, and it can produce disputes about who and what should shape the 

conversation. 

So how do people talk about science online? Frequently, both public and academic discussions about 

online science communication assume that the involved actors are either professionals, or wrong. 

Either they mention the opportunities for professional science communication, formal outreach and 

education activities, and increased openness of scientific communication online. Or they focus on 

ignorant or outright malicious dissemination of false information, anti-intellectual sentiments, and 

risks associated with commercialization, polarization, and politicization.  

However, only a fraction of engagement with science that I observed online would fit neatly into 

these descriptions as either misinformation or professionally organized. I did not see my own, 

personal experiences with online science communication fully reflected in these discussions. 

Similarly, research on the impact or use of science also seemed to prioritize professional and formal 

contexts over the informal and mundane interactions that I was interested in. As the pandemic 

unfolded in 2020, discussions about the coronavirus overshadowed other topics online. While much 

information stemmed from professional science communicators and scientists suddenly becoming 

publicly visible, the discussions about them were often mediated by other influences. As my personal 

interest to learn about the pandemic converged with my scholarly interest for informal science 

communication, I noticed information being treated differently in different contexts. In this 

dissertation, I describe these different contexts as overlapping knowing spaces (Law 2016) with 

distinct norms and influences that shape diverse spaces for informal engagement with science.  

Science communication, understood here as “the social conversation around science” (Bucchi and 

Trench 2021), occurs in a wide range of online contexts. In this thesis, I investigate sites of informal 

but scientifically oriented engagement with science. Actors in these contexts subscribe (at least 

partially) to academic ideals and standards of knowledge production without necessarily being 

enrolled as academic scholars or professional science communicators. At the same time, a number of 

social and technical influences mediate the engagement with science, fitting with an understanding 

of science and science communication as culture (Horst and Davies 2021; Davies et al. 2019; Davies 

and Horst 2016). 

My work addresses calls for “making visible the ‘behind-the-scenes’ actants which also shape science 

communication” (Edwards and Ziegler 2022) and for research on activists as alternative science 

communicators (Faehnrich, Riedlinger, and Weitkamp 2020). I call for attention to various informal 

contexts that mediate science communication online, and offer concepts to investigate and describe 

such differences.  

Online contexts are neither completely disconnected from physical and social realities, nor 

completely representative of them. This confronts social science researchers with the 

methodological question of whether the object of study is a particular social phenomenon or the 

media dynamics surrounding it. Following an approach from digital controversy analysis (Marres 
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2015; Marres and Moats 2015), I take a symmetrical stance to this problem. I traced both the issue 

and the media effects and their interrelations in my selected empirical contexts. To bring together 

the analysis of technical and social aspects conceptually, I used the notion of data practices 

(Weltevrede and Borra 2016) as one of the central concepts in this thesis. Data practices describe the 

social practices tied to the technical affordances and digital data that characterize different online 

spaces. I investigate these practices using a combination of computational and interpretative 

methods.  

My dissertation builds on a combination of research interests from Science and Technology Studies 

(STS), Internet Research (IR), and Science Communication Research (SCR). I present my research in 

three articles that examine different aspects related to data practices in informal science 

communication contexts. Paper 1 contributes to the discussion on climate activists as alternative 

science communicators (Faehnrich, Riedlinger, and Weitkamp 2020), focusing on their hyperlinking 

practices. Paper 2 investigates how users on the social media platform Reddit collectively shaped 

information related to the coronavirus pandemic. In this paper, I expand the notion of data practices 

(Weltevrede and Borra 2016) to highlight not only differences between platforms, but also 

differences between subcommunities on the same platform. In paper 3, I elaborate on content 

moderation practices and controversies on Reddit during the pandemic. With this paper, I dive into 

the complex interactions of users, communities, moderators, and platforms, or platform dialectics 

(Squirrell 2019), that shape how conversations around science unfold online.  

Across the three papers and these six introductory chapters, I show how STS, IR, and SCR can be 

combined to investigate the characteristics of informal online science communication. I find that 

actors and practices in such contexts are far from homogenous even in settings that appear similar. I 

discuss how attention to localized data practices could help to explain and account for this 

homogeneity. Further, I examine the informal, collective, and mediated nature of online science 

communication contexts that blur the lines between public and scientific conversations, private and 

public discussions, and technical and social influences. 

 

1.1 Aim and research question 
Over the last decades, sweeping changes in technical, social, and political contexts have influenced 

patterns of communication and social interactions in general. They also shape developments in 

science communication more specifically. They have simultaneously led to increased 

professionalization and increased informality in social conversations around science (Bucchi and 

Trench 2021). New actants and intermediaries shape science communication activities on social 

media platforms (Edwards and Ziegler 2022; H. Chen, Hara, and McKay 2021). And new types of 

actors become involved. This can include patients entering conversations around health-related 

topics more publicly online (Egher 2019), activists relaying environmental and climate research 

(Faehnrich, Riedlinger, and Weitkamp 2020) or scientists becoming highly visible public figures in 

relation to the pandemic (Utz, Gaiser, and Wolfers 2022; Joubert et al. 2023). At the same time, 

online activities create traces (Bechmann, Sandvik, and Zelano 2019; Geiger and Ribes 2011) that can 

be used to study even unstructured, informal, and ad-hoc forms of engagement. This opens up new 

opportunities for studying such influences in science communication. 

Public discussions about science and technology, especially in relation to global crises, are 

increasingly polarized and politicized. Therefore, it is important to understand what shapes and 

influences these discussions. Professional science communication efforts and the spread of mis- and 

disinformation receive increasing attention, but research on informal interactions and influences 

around science online is surprisingly limited. One reason for this could be the difficulty of capturing 
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their diverse and dynamic nature. In my work, I have narrowed down the broad interest in informal 

science communication to an investigation of online contexts in relation to climate change and the 

coronavirus pandemic. I focus on informal actors and mechanisms that contribute to and make use 

of science communication in these contexts.  

In this thesis, I investigate such human and non-human actants. I explore what shapes informal 

online science communication, how these influences become visible to users of the platform, and 

how their traces can be used by researchers to examine different online contexts. My empirical 

investigation focuses on science-oriented contexts in relation to climate change and the coronavirus 

pandemic. These are examples of highly visible conversations around science tied to questions that 

affect everyday lives globally. I concentrate on visible traces of what shapes the conversation. I 

closely follow how the practices of different online contexts present themselves to users, and 

investigate how researchers could study these practices. In conclusion, I seek to answer the following 

research question: 

In science-oriented online contexts relating to global crises, what traces are visible of ‘behind-the-

scenes actants’ shaping conversations about science? 

With this thesis, I want to contribute to a better understanding of the complex interactions between 

professional and informal science communication. My work highlights the relations between 

different actors and actants of various online settings that shape these interactions. I argue that 

attention to local practices is necessary in online contexts. The notion of data practices serves as one 

tool to describe and account for such local differences. 

 

1.2 Selection of empirical materials 
Claims about the important role that science and science communication have in modern societies 

flourish in the face of complex global challenges. Arguments for the necessity of science (and science 

funding) often emphasize questions of sustainability and climate change. Following the pandemic, 

they also highlight the ability to quickly build on existing knowledge to tackle global crises. 

Arguments for the necessity of science communication tend to fall along similar lines, claiming a 

necessity for (voting) publics to understand developments in science and technology and how they 

impact everyday lives and political decisions.  

Much research goes into attempts to trace impacts of science on large scale organizational or 

economic bases, and into evaluating the effects of more openly accessible scientific communication 

(for example tracing the spread of research papers in non-scientific online spaces). But surprisingly 

little attention is given to everyday and informal interactions with scientific content. Therefore, I 

wanted to explore how conversations around science actually unfold in different public spaces 

online, when not formally organized. I was particularly interested in sciencephile spaces that show 

support for and deep engagement with science, without being driven by formal or professional 

norms of engagement (even though these might indirectly come into play).  

I originally selected different online spaces loosely related to global challenges, where users engage 

with scientific information that (at least indirectly) impacts their lives and their decision-making. I 

was intrigued by the slogans like “listen to the scientists” of climate movements. I chose the websites 

of two European climate protest groups (Extinction Rebellion and Fridays for Future) and explored 

their use of science-related hyperlinks in my first paper. 

As I moved into work for the further papers, the coronavirus pandemic alongside with what the WHO 

termed an accompanying infodemic (WHO 2020) became an extremely visible topic of public 
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conversations online. This development has been described as “one of the most acute science 

communication challenges of a generation” (Wilkinson 2021). During the pandemic, as policymakers 

and individuals were scrambling to figure out what to do, scientific knowledge was sought, discussed, 

and criticized among different publics and communities. Individual scientists found themselves 

suddenly highly visible in the media (Joubert et al. 2023). An initially increasing role and authority of 

science in the first months of the pandemic was followed by more critical public debate, media 

highlighting disagreements, and conspiracy theories (Metcalfe et al. 2020). In addition to a flurry of 

science communication about pandemic- and health-related research, scientific expertise was 

discussed more generally in the context of the pandemic. This sparked renewed debates about 

relationship between science and non-science, science communication and expertise “at a time 

when science, science policy and science communication are explicitly matters of life and death, and 

are being enacted before us all, every day” (Gregory 2020). 

The complex and rapidly evolving situation highlighted questions such as which specialists could 

comment on which topics, or how to combine different fields of expertise. The health crisis has been 

named as an important reason to reflect on the role of science and science communication, as well 

as their relation to democracy (Davies 2022a). For example, how should politicians balance 

virologists’ and epidemiologists’ warnings about the risks related to the virus, psychologists’ warnings 

about mental-health risks related to social restrictions, and economists’ warnings about financial 

consequences of different mitigation strategies? Questions of knowledge production as well as 

science communication and impact received sudden public attention. Topics included explanations 

on pre-print publications, journal rankings, and the peer-review system. Detailed descriptions about 

stages of clinical trial needed for an approval by different health authorities were widely shared. And 

heated discussions on differences and boundaries between different academic disciplines such as 

virology, epidemiology, or immunology made their way into various online knowing spaces. 

These pandemic-related science communication efforts presented me with an unexpected 

opportunity to explore informal engagement with science by following this topic that suddenly 

permeated various online spaces. After following developments across several contexts, I landed on 

using Reddit for my further empirical work. Reddit is a social media platform originally built on link-

sharing, which remains one of the main features of the site. All content on the site is organized into 

“subreddits”. These gather content around particular topics but also develop distinct user 

communities and create individual rules for what content can be posted in this community. This 

leads to diversity across the different communities (as well as tensions between them). 

The diversity of subreddits is reflected in a diversity of research interests and findings related to 

Reddit. Amongst others, the platform is described as being toxic, having potential for science 

communication, linking to misinformation, and hosting support networks for vulnerable groups. With 

COVID-19, a topic emerged that a lot of existing communities had to relate to in their decision-

making around content moderation. Dedicated subreddits on the topic grew quickly, allowing me to 

follow the development of new subreddits and the negotiation of rules and moderation tools shaping 

these emerging knowing spaces.  

Due to the link-sharing nature of Reddit, it also presents connections between professional science 

communication (for example newspaper articles or academic texts), and informal science 

communication (for example comments, lived experiences, or individual efforts such as graphs made 

from publicly available data). I observed the subreddits on the topic of COVID-19 as they developed 

distinct profiles. I focused first on the collective data practices (paper 2) and then on moderation 

tools and conflicts that influence the subreddits (paper 3). Moderation controversies and decisions 

about how to engage with the flood of coronavirus-related information are easier to trace on Reddit 
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in comparison to other platforms. The wiki format that many subreddits use to present their rules 

allows researchers to examine existing rules for each subreddit as well as trace changes over time. 

Moderators and users frequently discuss moderation rules and users actively demand for or push 

back against changes. Finally, “meta subreddits” comment upon events across the entire platform, 

discussing for example moderation controversies in different subreddits. 

These characteristics make it easy to follow relationships between local and platform-wide aspects of 

Reddit. But other platforms have similar interactions between platform-wide and local agreements 

on how to use a certain online space. This includes for example Facebook groups or pages where 

administrators hold the power of deciding who can enter the space and shape what can be posted 

and how. Another example are YouTube channels with distinct identities of subscribers and channel-

specific content moderation practices. 

 

1.3 A note on Interdisciplinarity 
Having received both a Bachelor’s and a Master’s degree from interdisciplinary study programs, and 

being hired into a PhD position within a project and a department hosting researchers from multiple 

disciplinary backgrounds, I began my PhD work with no strong disciplinary affiliation. I had a 

substantial amount of freedom to explore different research approaches regardless of their 

disciplinary background. This has given me the challenge and opportunity of building my work on a 

combination of different strands of research from diverse backgrounds. 

With internet research, science communication, and science and technology studies, I combine three 

social science research fields that grew out of interdisciplinary collaborations. They, in turn, draw on 

a variety of backgrounds and roots. They relate to fields such as anthropology, sociology, education, 

human-computer interaction, computer science, cultural studies, or media studies.  

Interests in the digital as opportunity and challenge for new methods, new field sites, and new 

research objects also fuel increasing interdisciplinarity. They lead to a “wild interdisciplinarity” 

(Goulden et al. 2017) or can act as a “gateway” to interdisciplinary research (Cosgrave 2019). At the 

same time, internet research has moved from a niche to a core interest within communication 

studies (Puschmann and Pentzold 2020).  

Work that crosses boundaries between traditionally separate research traditions is on the rise. 

Strategies for doing so include disciplinary innovation, niche seeking, creating whole new research 

fields, or attempting to comply with the opposing forces of calls for interdisciplinarity and academic 

structures reinforcing traditional disciplines (Woiwode and Froese 2020). Many scholars that I have 

referred to merge work from different backgrounds and use these strategies. Disciplinary innovation 

has added digital research to existing disciplines, creating for example digital STS (Vertesi and Ribes 

2019), digital sociology (Marres 2017), or digital humanities (Svensson 2010). Similar to my 

combination of fields, PhD theses position themselves in niches combing for example STS and fan 

studies (Marsh 2018), STS, science popularization and cultural studies (Gunnarsson 2012), or SCR, STS 

and citizen science (Yang 2021).  

Besides STS as a comparatively new discipline, I also work with SCR, connected to education research 

amongst others and “maturing as a field of scholarly activity” (Guenther and Joubert 2017). Science 

communication has been observed to have moved from “a discipline-in-the-making” to “an 

inherently, even joyously, interdisciplinary field” (Bucchi and Trench 2021, 2). Scholars are seeking 

niches by combining STS and SCR (e.g. Felt and Davies 2020), STS and the digital (e.g. Vertesi and 

Ribes 2019; Marres 2017), or SCR and the digital (e.g. Hara, Abbazio, and Perkins 2019). Some even 
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combine all three (e.g. Squirrell 2020; Marsh 2018; Pearce et al. 2019) in similar ways that I have 

done in this thesis. I found myself struggling with where to place these authors in my background 

chapter that I organized by the three fields of STS, IR, and SCR. Perhaps this also illustrates both the 

common roots and the increasingly shared research interests between them. 

This thesis could alternatively be read as located mainly within STS, combining the strands of digital 

STS (Vertesi and Ribes 2019) and public understanding of science as an interest within STS (Sismondo 

2011, chap. 15). However, with my own interdisciplinary background, I prefer to understand my 

interests in the digital and in science communication as separate (though closely connected) 

influences in my research. I combine them with STS both as a field and as a method or approach 

concerned with “knowing spaces” (Law 2016), paying attention to STS sensitivities such as 

infrastructures, publics, or expertise (Felt and Davies 2020).  

In addition to the three fields presented as my main interest here, this thesis originally started out as 

an investigation of public impact of science, in connection to the Oslo Institute for Research on the 

Impact of Science (OSIRIS). However, as I started working towards tracing more public-facing and 

informal types of impact, I found science communication to be a more fitting framing. What remains 

from my ties to OSIRIS is a focus on users and their practices. While impact studies do not play a big 

role in this final version of my thesis, I was surprised of the many parallels between impact studies 

and science communication research. Both are characterized by the rejection of linear models or 

deficit models that nevertheless are found to remain pervasive among practitioners and 

policymakers as well as scientists themselves. Both struggle to measure and attribute connections 

between science and society, amongst others due to long time scales and complex interactions not 

linked to individual papers, projects, or researchers. And both are shaped by an underlying normative 

ideal that science and science communication are inherently useful to society and should be 

encouraged and improved. These parallels point to converging research interests, showing for 

example in work on digital methods combining STS and altmetrics (Costas, Rijcke, and Marres 2020). 

However, I leave it to others to explore these common interests in more depth, focusing here on 

science communication, STS, and internet research. 

 

1.4 Overview of the thesis 
This thesis is divided into six chapters accompanying three journal articles. Table 1 gives an overview 

of the three articles and their main contributions.  

Paper 1: Experts, influencers, and amplifiers –
Exploring climate movements' hyperlinking 
practices 

Contributes to the discussion of activists as 
alternative science communicators, adding a 
focus on online communication and hyperlinks. 

Paper 2: A tale of three subreddits – 
Community data practices shaping 
engagement with COVID-19 on Reddit 

Expands the notion of data practices from 
describing differences between platforms to 
community data practices describing 
differences within one platform. 

Paper 3: Moderating an infodemic –  
Platform dialectics in coronavirus-related 
knowing spaces on Reddit 

Investigates the role of moderators in shaping 
content in online communities and the 
relationships between users, moderators, and 
platform management; proposing a distinction 
between in-community and cross-community 
platform dialectics.  

Table 1 Overview of the articles and their main contributions 
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Following this introductory chapter, I expand on the background and literature referred to in my 

work and related theoretical concepts in chapter two. Chapter three introduces concerns of working 

with digital materials and methods and relates these to my own methodological choices. Chapter 

four gives a summary of the three articles that make up the main body of my work. Finally, in my 

discussion (chapter five) and conclusion (chapter six), I present the themes and implications of my 

work across the three articles taken together. The three articles are appended at the end of the 

thesis.  
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2 Background and theoretical concepts 
There is a general understanding that science and technology play an increasingly important role in 

peoples’ daily lives. Scientific research is considered relevant for debating and solving societal 

problems and for tackling global challenges such as climate or health crises. This makes it necessary 

for scientific knowledge to become accessible to wide audiences. At the same time, emerging 

changes in communication technology and media landscapes add more complexity and diversity to 

the relationships between science and society as they have previously been described. 

This thesis is situated at the intersections of three connected lines of social science research that 

address these themes: science and technology studies (STS), internet research (IR), and science 

communication (SC). In this chapter, I present selected literature from each of these three fields to 

display their connections to each other and to my own work, followed by a more detailed discussion 

of core concepts that I have used in my work and which I return to in chapter 5. 

 

2.1 Studying relationships between science, society, and the digital 
Despite growing from different research traditions and fields, the three areas that my thesis builds 

upon share some of their roots, research interests, and challenges. All three aim to answer questions 

about interfaces and interactions that emphasize investigations of social practices, and all three are 

in a process of exploring new opportunities and challenges related to the digital as a research object 

and as a field site. 

Inspiration for my work stems from the combination of STS sensitivities and science communication 

research interests (Felt and Davies 2020), as presented for example in the investigation of actants 

shaping online science communication (Edwards and Ziegler 2022). Furthermore, I also relate to an 

interest in how digital research can be fruitfully employed to study these topics (Vertesi and Ribes 

2019; Marres 2017). 

 

2.1.1 Science and Technology Studies (STS) 
Science and Technology Studies (STS, sometimes spelled out as “Science, Technology, and Society”) 

investigates academic knowledge production and its relationship to society at large. Several streams 

of STS have influenced my work in this thesis. They include a focus on practices and knowing spaces 

(Law 2016) as well as interactions among different actors in such spaces. In my own work, I have 

investigated both social interactions (as seen in the different user groups on Reddit), and interactions 

between knowledges and knowledge-building systems (for example when climate activists or Reddit 

users reassemble and recontextualize links from different sources).  

STS is has been described as an approach or method in and of itself (Law 2016). Thus, STS research of 

the digital is closely tied to developments in digital methods. Like many other fields, STS has had to 

relate to the opportunities and challenges of the digital realm. With new social behaviors and 

technical affordances, new materials and methods become available for research. The 

interdisciplinary nature of STS is also reflected in work on and with the digital, including for example 

influences from sociology (Marres 2017) media studies (Marres and Rogers 2005) or anthropology 

(Munk 2019). Methodological interests range from the opportunities emerging from newly built tools 

such as visual network analysis with Gephi (Venturini, Jacomy, and Jensen 2019) or hyperlink analysis 

with Hyphe (Jacomy et al. 2016) to questions on how to integrate digital formats with more 

participatory research approaches such as data sprints (Munk, Meunier, and Venturini 2019; Omena 

et al. 2022) or how to integrate qualitative and quantitative approaches to working with digital 
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materials and methods (Munk 2019). As social interactions move into digitally mediated contexts, 

STS researchers, like other social scientists, have to decide what to make of these new contexts 

(Marres and Moats 2015) and how to do “digital STS” (Vertesi and Ribes 2019). As all empirical work 

for this thesis has been conducted online, I expand on these questions in my discussion of digital 

methods in chapter 3. 

In the following section, I focus on interactions as studied by STS scholars, and their relationship with 

research on networks, controversies, and the concept of symmetry. Then, I briefly introduce the STS 

focus on knowledge building and knowing spaces. Finally, I reflect on the relationship between STS 

and research on Science Communication or Public Engagement with Science.  

 

Interactions 

Meeting points of different social and sociotechnical contexts are important sites for STS research. 

Among them is a longstanding interest for interactions between social processes on the one hand, 

and technical or material processes on the other hand. 

Several STS scholars comment upon connections between social and technical processes, such as 

Donna Haraway’s image of a cyborg (Haraway 1985) describing entangled technical and social 

processes, or Lucy Suchman’s (1987) description of users’ interactions with photocopiers that laid the 

foundations for the field of human-computer interaction. Further on, STS overlaps with research on 

computer-supported cooperative work (CSCW), sharing interests in social practice surrounding 

technical affordances, and the appropriation of technology by different users, combining social 

science and computer science interests. An example is the exploration of virtual communities and 

venues shaping online learning (Ruhleder 2002). Challenging the divisions between technical or 

material influences and social aspects in work contexts, Wanda Orlikowski presents sociomateriality 

(Orlikowski 2007). She posits “an inherent inseparability between the technical and the social” 

(Orlikowski and Scott 2008). Work on infrastructures has explored how actors work across “seams” 

between heterogenous infrastructural contexts (Vertesi 2014). More recently, STS approaches have 

included the ethnographic study of algorithmic systems, investigating their “blend of “technical” and 

“cultural” concerns, spread across institutional settings in broader social contexts” (Seaver 2019, 

420). My work follows in these footsteps, exploring the entangled social and technical aspects of 

informal online science communication. 

In various studies of interactions between social and technical influences, STS scholars return to 

other common themes and approaches of STS work. Among them are the notion of symmetry, 

conceptualizations of networks, and analyses of oppositional relationships. 

Converging research interests about digital infrastructures and platforms (Plantin et al. 2018) follow 

in the lines of earlier work on social construction of technology (SCOT), emphasizing the human-

made nature of technological developments (Trevor Pinch and Wiebe Bijker 1984). Amongst others, 

SCOT focuses on the tenet of symmetry (introduced as one component of the “strong programme” 

by David Bloor in 1976). The symmetric approach calls for treating different influences in knowledge 

building processes the same, regardless of whether they are successful or where they originate. This 

principle has been continued in the exploration of sociotechnical issues, concerning for example the 

question of whether observations of digital phenomena relate to social phenomena or media 

contexts (Marres and Moats 2015), further discussed in chapter 3.2. It also applies in the symmetric 

treatment of human and non-human influences in science communication (Edwards and Ziegler 

2022). Furthermore, symmetry is useful in the investigating ‘alternative’ knowing spaces, not taking 

for granted the implied opposition to “non-alternative science communicators” (Gregory 2020). 
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The “radically relational” (Law 2016, 41) approach of actor-network theory (ANT) (Latour 1987; 2005; 

2017) takes the concept of symmetry even further. In this approach, researchers treat all human and 

non-human actors (or actants) that influence a given situation symmetrically, assigning agency to all 

of them, and describing how they assemble into a network. While I did not frame my work directly in 

relation to ANT, the notion of “’behind-the-scenes’ human and non-human actants” is inspired by 

ANT (Edwards and Ziegler 2022, 5). Additionally, my work makes use of the seamlessly 

interconnected micro and macro scales of digital data (Latour et al. 2012). 

The STS focus on interactions often highlights oppositional or adversarial dynamics. STS research has 

for example described program and anti-program becoming embedded in artefacts such as hotel 

keys (Latour 1990). Other examples include non-use and recontextualization or interplay between 

designers and users of technical objects (Akrich 1992) or unintended uses of technology as users 

appropriate technology, for example for personal communication or entertainment (Latzko-Toth et 

al. 2019). In STS research, crises and controversies serve as a useful way to study knowledge creation 

processes. They present a meeting point between communities, lay bare otherwise hidden social 

processes and assumptions, and challenge the idea of expertise as neutral or unpolitical (Martin and 

Richards 1995; Scott, Richards, and Martin 1990). Controversy studies have been combined with 

digital methods to study online settings (Marres and Rogers 2005; Marres 2015; Marres and Moats 

2015; Munk, Meunier, and Venturini 2019; Venturini and Munk 2021). In these contexts, the 

abundance of traces of social interactions means that this mapping process in order to identify 

different actors and topic related to an issue can be fruitful even for topics not generally understood 

as controversial (Munk 2019).  

Political controversy around global crises like climate change and the COVID-19 pandemic were part 

of my initial curiosity about the empirical contexts I chose to study in this thesis. However, the 

science-oriented spaces that I studied revealed little controversy on the topics, at least in the way 

they present themselves to users. Instead, I found that in the Reddit context, controversy focused 

not on the content as such, but on questions of content moderation more generally, which is why I 

decided to focus on these conflicts in my paper 3. 

 

Knowing spaces 

The focus on interactions in STS includes for example the description of trading zones and 

interactional expertise (Galison 1997; 2010; Collins, Evans, and Gorman 2007; 2019), allowing social 

groups with differing concepts and vocabulary to collaborate in knowledge building processes. 

Similarly, concepts of boundary work (Gieryn 1983) and boundary objects (Star and Griesemer 1989) 

or boundary infrastructures (Bowker and Star 1999) have been invoked to study demarcation and 

collaboration processes between social groups, often considering demarcation processes around 

what is considered scientific or not, or collaborations across differing disciplines.  

In addition to describing interactions, these concepts also describe spaces, or demarcations between 

spaces, simultaneously differentiated and connected by their relation to knowledge building. In 

addition to describing interactions between social groups, they comment upon interactions between 

epistemologies. To STS researchers, knowing spaces imply “that knowing and its methods are 

materially complex and performative webs of practice that imply particular arrays of subjects, 

objects, expressions or representations, imaginaries, metaphysical assumptions, normativities, and 

institutions” (Law 2016, 47). The attention to knowing spaces in STS is also related to an 

understanding of knowledge as situated (Haraway 1988) and an emphasis on location and local 

practices shaping knowledge building activities. 
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The attention to knowing spaces and interactions makes STS a good candidate for investigating 

science communication. 

 

STS and science communication 

Science communication can be understood as a research interest within science and technology 

studies (Sismondo 2011, chap. 15; Stengler 2015), or the two fields can be seen as separate fields of 

research that can contribute to each other (Felt and Davies 2020; Davies 2022b; Horst and Davies 

2021; Horst, Davies, and Irwin 2017). They can also be described as a set of converging interests in 

publics and practices relating to knowledge production after initial criticism of public understanding 

of science research by STS scholars (McNeil 2013). In this thesis, I have chosen to present STS, 

internet research, and science communication research as separate fields with converging interests.  

A recent interest in combining STS and science communication as distinct, mutually beneficial fields 

of research (Horst, Davies, and Irwin 2017; Felt and Davies 2020) is prefaced by a long-standing STS 

interest in public interactions with scientific knowledge. This includes observations on tensions 

between expert and lay knowledges (Wynne 1989), and numerous analyses of concerned groups in 

health-related research. Among them are observations of patient groups advocating for change in 

epistemic practices in medical research (Epstein 1995) and the notion of concerned groups 

deliberately working to blur public-private distinctions (Callon and Rabeharisoa 2008). Further 

research along these lines includes participatory knowledge-production in social media (Wyatt et al. 

2013) or the development of interactional health expertise as patients publicly engage in online 

settings (Egher 2019). Citizen scientists seeking to intervene in knowledge production to address 

pollution (Ottinger 2010) could be understood as another form of concerned groups. 

Moving from these types of engagement with science by concerned individuals or groups to science 

communication understood as culture and in relation to identity work (Davies et al. 2019; Davies and 

Horst 2016; Marsh 2020), or considering topics of broad public concern (e.g. global climate and 

health crises), research interests of STS and science communication converge. In an essay on the 

relationship between science communication and STS, Sarah Davies (2022b) summarizes the core 

ideas of STS as the social construction of research-based knowledge and study of what the place of 

such knowledge is in society, aligning well with an interest in studying social conversations around 

science. Together with Ulrike Felt, she presents several “STS sensitivities” that can be helpful for 

science communication research, including questions of expertise, evidence, and authority, attention 

to the intertwined construction of facts and construction of publics, and investigations of spaces, 

infrastructures, or structures (Felt and Davies 2020).  

My own investigation of actants shaping science communication is informed by these sensitivities, 

recapped by Davies (2022b) as three key approaches of STS: “1. What is happening here?”, “2. 

Everything is local”, and “3. All research is political”. My exploratory work seeks to understand “what 

is happening” in science communication, paying attention to the differing “local” contexts of where 

these activities occur, and relating to the political nature of knowledge production processes. 

 

2.1.2 Internet research (IR) 
Turning to online knowing spaces, my research is informed not only by STS, but also by research on 

online spaces more generally. In this thesis, I use the term ‘internet research’ to describe (social 

science) research that has internet phenomena as its object of study. I elaborate on considerations of 

digital fieldwork (collection of materials from digital sources) and computational methods (analyzing 

materials with the help of computers) in chapter 3. Here, I present background information and 



 

23 
 

previous research on the objects and sites that I have worked with: online communities, social media 

platforms, content moderation, and hyperlinks. 

 

Social science interest in the Digital 

As social interactions move into online spaces, internet research becomes relevant for social science 

researchers. Researchers identify social, economic, and political drivers in the changing interactions 

that characterize a new “information age” and “network society” (Castells 1996). 

The way that researchers describe the internet and its infrastructures has evolved alongside a 

development from niche interest to broad cultural significance. As online spaces move from being 

considered separate spaces, to digital services permeating everyday lives, research interests develop 

accordingly: “emphases in digital social research have shifted from interpreting 'life online' to 

researching a far broader range of 'mediated life'” (Hand 2014). 

Rogers (2013) identifies four broad stages of development: In an early purely virtual “hyperspace 

period”, hyperlinks acted as navigation devices between disconnected sites. With the rising influence 

of search engines, links gained significance as an indicator of authority and quality. Finally, a web of 

separated “spheres” (such as blogs or news), gave way to the current “walled gardens” of platforms 

(closed ecosystems that strictly control what users can do). Methods and concerns of internet 

researchers evolved alongside these changes through developments such as web archiving, search 

engine research, platform studies, nationalization, commercialization and big data (Rogers 2013). 

 

Hyperlinks and context 

Web infrastructure and particularly hyperlinks shape how the internet presents itself to users, 

making it a key point of investigation in internet research. Hyperlinks, even though taking on 

changing roles throughout the development of online contexts, are an important part of web 

infrastructure to both internet users and researchers. In the development from an early, open web, 

to more platforms, open web ideals and mechanisms still can stand behind them (Gillespie 2018). 

Despite losing their significance as navigation devices that they had in the hyperspace period, and 

lessening importance as (sole) quality indicator for content search that hyperlinks were associated 

with in the search engine era, hyperlinks remain a crucial aspect of web infrastructure. They are used 

both visibly in content sharing via links on or between platforms, and more hidden, when platform 

functionalities such as user profiles, hashtags, or share buttons implement special forms of 

hyperlinks. Hyperlinks can be a valuable “methodological starting point for multi-platform analysis” 

(Rogers 2018), since one of the still pervasive uses of hyperlinks is to point to sites outside of closed 

platforms. They still are found to fulfil commercial and social purposes, as well as act as navigation 

devices and citation markers in the context of news links (Ryfe, Mensing, and Kelley 2016). 

“For social sciences and digital humanities, the hyperlink is alive and well! Despite the 

growing influence of gated platforms and their strategies of attention economy, the 

hyperlink is still a cornerstone of the World Wide Web’s openness and accessibility.”  

(Ooghe-Tabanou et al. 2018) 

While early studies of the digital have frequently treated it as dematerialized, STS scholars focusing 

on materiality have found new ways of engaging with digital and digitized materials (Forlano 2019) 

that also involves the use of hyperlinks to trace associations. An example of the use of hyperlinks in 

STS research is the identification of issue networks that can be demarcated by following hyperlinks 

(Marres and Rogers 2005). However, with large datasets and platforms presenting challenges for 
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automated crawlers, this approach is limited in a platform context. The amount of data produced this 

way can go beyond what is possible to manually analyze. Furthermore, content of platforms could be 

too heterogenous to make domain names a useful unit of analysis (links to a news broadcaster or a 

health authority give a hint as to what they might contain, links to Instagram or YouTube could 

contain anything from official announcements to informal discussions). And finally, access 

restrictions such as paywalls or required logins limit what content is visible without further access. 

More recent work building on issue network approaches is experimenting with additional 

computational methods during data analysis in order to retain information on the context of links 

(Maier et al. 2018) or to separate issue networks from noise and unwanted data when working with 

big data (Waldherr et al. 2017). Another approach focuses on manual curation in the data collection 

process (Jacomy et al. 2016), emphasizing more deliberate intervention by researchers. Similarly, 

understanding hyperlinks as a proxy of social connections, Severo and Venturini (2016) are an 

example of researchers combining computational representation of hyperlink networks with manual 

categorization of the organizations behind each website in the network. Using more manual 

categorizations in my own work, my first and second paper make use of the more explicit, visible 

form of linking by analyzing what certain online communities link to, whereas both the second and 

third paper also investigate some of the links embedded in the functionalities of the platform Reddit. 

Online spaces are open to a multitude of readers, collapsing contexts such as family members, 

friends, colleagues, and perfect strangers. This context collapse creates problems for individual users 

facing the flattened audiences of social media (Marwick and boyd 2011; boyd 2010). It also creates 

tensions when imagery becomes viral and part of activist engagement, sharing an individual’s “media 

moment” without the person’s personal context and history, or attributing new contexts and 

histories to the image (Merrill 2020). Context collapse can occur in the shape of intentional collusion, 

or unintentional collision (Davis and Jurgenson 2014). However, at the same time as audiences are 

collapsing into merged contexts, different online spaces offer new contexts and recontextualizations. 

Context returns as an important aspect in social media research. Understanding the origin of 

(automated) content posted to social media (Gerlitz and Rieder 2018), users’ expectations of privacy 

(Nissenbaum 2011), or the influence of commercial contexts online (Özkula 2019) have been 

highlighted as important aspects of digital research. Context is among the big challenges in working 

with big data, “taken out of context, data lose meaning and value” (boyd and Crawford 2012). 

In the era of walled gardens, or closed platform ecosystems, platforms become an important new 

way in that context is managed and understood by content producers, audiences, and researchers 

alike. But on an even more local level, users resist context collapse and create their own practices.  

 

Platforms and content moderation 

With the rise of closed platform ecosystems online, much research focuses on the use of individual 

platforms, such as Twitter research (Proferes and Zimmer 2014), studies of Reddit (Proferes et al. 

2021), research on Wikipedia (Voss 2005; Jullien 2012; Okoli et al. 2014), and others. Both technical 

difficulties in collecting data across platforms, and methodological difficulties in comparing them – 

does following someone on Twitter mean the same as befriending them on Facebook or subscribing 

to their YouTube channel, for example? – lead to not only users but also researchers staying within 

the ecosystem of individual platforms, affecting both what happens and what is being researched in 

online contexts. 

Platforms take on an important role in shaping what is visible to users. Gillespie (2010) notes that   

“[platforms’] choices about what can appear, how it is organized, how it is monetized, what can be 
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removed and why, and what the technical architecture allows and prohibits, are all real and 

substantive interventions into the contours of public discourse”. 

Reddit started out as a collective curation of hyperlinks (social bookmarking) and still plays a large 

role as such. Although the platform allows contributions that do not contain links since 2012 

(Lagorio-Chafkin 2018, 205), link posts remain one of the main aspects of the platform, and many 

subreddits, including the ones I studied, still restrict users to only post content linked to external 

sources.  

A systematic review of Reddit research (Proferes et al. 2021), found that despite increasing social 

science interest, studies mostly stem from computer science contexts (for example using Reddit data 

as test- or training data for machine learning approaches) and frequently rely on computational text 

analysis, pointing to a need for other research methods and disciplines to investigate the platform.  

In 2008, Reddit embraced the idea of dividing content, and related user communities, into topically 

oriented subcommunities, allowing users to freely create new communities or “subreddits” (Lagorio-

Chafkin 2018, 142). Differences between subreddits have been investigated, including for example 

conversation patterns observable by various metrics (Choi et al. 2015) or the creation of rules specific 

to each individual subreddit (Fiesler et al. 2018). An analysis of the r/science community on Reddit 

found that users in this community interact with articles at higher rates than elsewhere on Reddit, 

due to self-selection of users with high interest in science (Pflugfelder and Mahmou-Werndli 2021, 

15). The diversity of subreddits might also contribute to different characterizations of Reddit in the 

academic literature, as either toxic and carrying a risk of dis- and misinformation (e.g. Massanari 

2017; Hagen and Jokubauskaitė 2020; Burton and Koehorst 2020), or as a space with great potential 

for science communication and outreach activities (e.g. Hara, Abbazio, and Perkins 2019; H. Chen, 

Hara, and McKay 2021; Jones et al. 2019). Reconciling them, Gilbert (2020) describes how 

moderators carve out a space for public history amidst the “cesspool” of toxic and violent language 

on the platform.  

Together with work on content moderation (Chandrasekharan et al. 2018), observations on 

subreddit difference present an interesting entry-point to start and explain the diversity of both 

content, and research observations on the platform: subreddits develop distinctly different cultures 

and norms. While Chandrasekharan et al. investigate the ‘behind the scenes’ work of subreddit 

moderators and their decision-making, in my work I focus on visible traces of tensions around those 

decisions in paper 3, and distributed moderation work including all participants of a subreddit in 

paper 2.  

Among the distinctions between platforms is their approach to content management. Caplan (2018) 

distinguishes a small-scale “artisanal” approach emphasizing context for making decisions on 

permissible content; and the opposing “industrial” approach employed by large platforms such as 

Facebook or YouTube, enforcing policies in large-scale, automated mechanisms. In between them 

lies a “community-reliant” approach as seen on Reddit or Wikipedia (Caplan 2018). This approach 

emphasizes self-regulation of users, relying on volunteer moderators to maintain community 

standards for content moderation. 

Reddit users starting new subreddits automatically become moderators of these subreddits. The 

array of diverse subcommunities along with the founders’ radical defense of free speech and 

reluctance to ban extreme subreddits (Lagorio-Chafkin 2018, 207) give significant freedom but also 

responsibilities to moderators in shaping the context of each individual community, and the platform 

overall. Online content moderators have been described as “custodians of the internet” in the book 

of the same title by Tarleton Gillespie (2018), with community managers such as subreddit 
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moderators being only one layer in an extensive system of platform users, human moderators, and 

algorithms steering the visible content. However, much of the discussion on content moderation 

revolves around the removal of unwanted content, the spread of misinformation, and other risks 

related to social media content. STS scholars have contributed to aspects of content moderation 

criticizing  ‘fact checking efforts’ by pointing to the social construction of facts (Marres 2018). They 

provide insights that expertise can be understood not as inherent to a person or piece of 

information, but as attributed by others, exemplified by the upvoting mechanism on Reddit (Squirrell 

2020, 219).  In this thesis, I focus on the curation and recontextualization of benign content, focusing 

on how scientific content in particular is shaped by actants such as website admins (paper 1), user 

collectives (paper 2), or community managers (paper 3).  

Among the multitude of social interactions moving online, affected by new contexts and 

expectations, is science communication. Collapsing contexts of private and public communication can 

be both risk-filled and beneficial for public engagement with science. Scientific knowledge is one 

among many types of content recontextualized and shaped by infrastructures, platform 

management, and content moderation practices. 

 

2.1.3 Science Communication Research (SCR) 
Science communication presents an important link between scientific knowledge production and 

societal conversations. Like other forms of communication, it has been reshaped by digital 

interactions, presenting new opportunities and challenges. 

Following a definition by Massimiano Bucchi and Brian Trench (2021) I understand science 

communication as “the social conversation around science” that encompasses a broad range of 

activities, actors, and intents. Different groups engage in this conversation through various means 

and at varying degrees of formality and interactivity. This broad and inclusive definition of science 

communication is related to an understanding of science as culture (Horst and Davies 2021; Davies et 

al. 2019; Davies and Horst 2016) which also influences my own work. 

As science communication research is highly interdisciplinary, observations of online science 

communication also draw from closely linked fields that investigate interactions between science and 

society, not least from STS. For example, Edwards and Ziegler (2022) show how an ANT-inspired 

approach can help to study intermediaries and mediators in science communication online.  

 

Deficit models 

Early research on science communication and public understanding of science has often relied on 

deficit models. These assume that public audiences’ reactions (and especially resistance) to scientific 

knowledge stem from a lack or deficit of knowledge, to be remedied by expert-to-lay 

communication. A 2003 definition of science communication (Burns, O’Connor, and Stocklmayer 

2003) presents a metaphor of science as a mountainous landscape where science communicators 

provide figurative ropes and ladders to help audiences get closer to the scientists who reside at the 

mountain tops. Such imagery of scientific knowledge being out of reach for publics without 

additional help and scientists placed at the top of knowledge hierarchies has been criticized amongst 

others by STS scholars (McNeil 2013). The field has over time moved on from considering a “public 

understanding of science” or “public awareness of science” to a more inclusive investigation of 

“public engagement with science” (Trench 2006). Nevertheless, deficit models and limited 

understandings of science-society relationships remain common and commonly discussed. 
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Callon (1999) distinguishes three idealized models of lay participation in scientific knowledge 

production and dissemination: public education, public debate, and co-production. The public 

education model puts scientific and lay knowledge in opposition to each other and presents 

education as the solution to overcome the opposition. The public debate model allows for 

differentiated publics with relevant expertise to be included when scientific knowledge is 

incomplete. And the co-production model makes room for actively involving participants from 

concerned groups in the production of knowledge that directly affects them. However, all three 

models seem inadequate to describe the informal engagement with science that I have observed. In 

the context of global crises like climate change or pandemics, affected groups return to the unhelpful 

category of an undifferentiated “general public”. In the collapsed contexts of social media 

environments, education, debate, and knowledge production happen simultaneously. And 

participation in all three can range from evaluating information at a glance with the click of a button, 

to explicit and purposeful curation, sharing, or translating of knowledge. 

Newer models of relationships between science and society risk still implying linear connections 

when moving from one-way deficit models to two-way dialogue models, rather than a three-way or 

multidirectional participatory model (Trench 2006). And even STS research, frequently criticizing 

prevailing deficit models, might still imply the related diffusion model, assuming non-scientific 

audiences as recipients of knowledge resulting from an ‘elite’ of scientists (McNeil 2013). Deficit 

attributions can not only be observed from policymakers or scientists toward lay audiences, but also 

between other actors where they might function as an attempt to resolve deep disagreements 

(Fuentes, Goñi, and Miranda 2021). In the context of changing media ecologies, deficit models might 

not become obsolete with information available online. Instead, they are replaced by experts’ 

skepticism about stakeholders’ abilities to evaluate the overabundance of information. An example 

of this development from healthcare presents adversarial dynamics that shape interactions between 

patients and providers (Ko 2016).  

One possible solution to the problem of defining models of science communication, and especially to 

the “deficit or dialogue” framing, is to consider science and science communication an integral part 

of (popular) culture (Davies et al. 2019). The “social conversation around science” (Bucchi and Trench 

2021) involves a vast range of different actors, intentions, and formats, especially when it moves 

online. 

 

Digital science communication 

Increasing digitalization and developments of social media have several effects on science 

communication. Science communication practices are characterized by increasing 

professionalization, but at the same time increasing informality as researchers, science influencers, 

and hobbyists make use of social media to take part in conversations around science (Bucchi and 

Trench 2021). Alongside easier access to information (provided by commercial as well as non-

commercial organizations, and also influenced by movement towards open access for scientific 

publications), social media also blur the lines between scientific and non-scientific, public and non-

public conversation.  

Conference live-tweeting, online question-and-answer sessions with scientists, academics’ social 

media profiles, or research project blogs can all pose difficulty when trying to categorize them as 

strictly dissemination and outreach to broad audiences or as internal to scientific conversations 

targeting only professional stakeholders. People producing online content about scientific knowledge 

can range from scientists themselves, to professional science communicators employed by large 

organizations, to self-employed science influencers on online platforms, to hobbyists. At the same 
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time, despite best efforts to be more inclusive, formal science communication and the education for 

such roles can still act as gatekeepers restricting who has access to these roles and activities 

(Bennett, Dudo, and Besley 2022). All in all, research on digital and online science communication is 

limited. A review of approximately 3000 journal articles in the field found digitization and rapidly 

changing media systems among one of the four main clusters of research gaps in science 

communication (Gerber et al. 2020). 

When public interactions with scientific knowledge are investigated in online contexts, the research 

frequently falls into one of two themes: professional science communication, and content 

moderation along with risks of mis- and disinformation. SCR focuses on opportunities for outreach 

and interaction online, moving away from deficit models towards more genuine interactions enabled 

by online contexts, but focusing on scientists science communication professionals involved in such 

contexts. Scholars in communication research and media studies on the other hand comment on 

content moderation mechanisms as well as risks of dis- and misinformation in informal contexts and 

how to address them. Less formal and non-professional forms of science communication practices 

have so far received little attention in the scholarly literature. Bridging SCR and internet research, a 

focus on informal practices could help address such challenges and might reveal mechanisms that 

influence both science communication and misinformation online. 

Returning to the problematic metaphor of science as a mountainous area (Burns, O’Connor, and 

Stocklmayer 2003) with scientists ‘at the top’ and publics ‘needing help’, I nevertheless like the idea 

of science as a landscape. Metaphors of what ‘the internet’ or ‘the digital’ are can be evocative and 

powerful tools for critical internet research (Wyatt 2021) – as shown for example the discussion of 

the term ‘platform’, simultaneously helpful in shaping shared understandings, and carefully managed 

by corporations (Gillespie 2010). Updating the metaphor of mountains with problematic implications 

of hierarchies, in a newer understanding of science communication scientific knowledge production 

could be considered a diverse landscape of “knowing spaces” that different people reside in or visit 

for a variety of reasons. Whether and what kind of help anyone might want to navigate a given part 

of this landscape depends not on their placement along a vertical hierarchy, but on their familiarity 

and their previous access to and experiences of the landscape. Formal science communication efforts 

by scientists trying to make their work accessible to wider audiences, professional science 

communicators, and various popular science media formats, can all act as travel guides inspiring, 

informing, and helping visitors who navigate areas of the landscape they are less familiar with.  

One of the reasons I do like this image is because the associated changes in accessing travel 

information with the rise of the internet and social media translate well to science communication. 

The plethora of available information, the easier accessibility for different groups of people (both as 

audiences and as communicators), the risks and opportunities associated with decentralized 

communication channels, multidirectional communication, challenges tied to monetization and 

algorithmic curation of information, user communities rating and ranking information, winner-takes-

all effects of viral communication patterns, and many more affect all online conversations. Just like 

anyone can both find and contribute to travel information online, the same is true for various actors 

serving as ‘guides’ to the science landscape online. Their guidance can range from incredibly helpful 

to misleading or outright malicious. Actors can range from local bottom-up initiatives shaping their 

own neighborhoods to global corporations affecting information flows for commercial purposes. In 

this thesis, I examine climate activists, data practices of science-oriented online communities, and 

disputes around coronavirus-related content moderation as examples of such influences that shape 

public experiences of the conversation around science. 
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Science communication and global challenges 

Global crises such as climate change or pandemics affect the relationship between science and 

society. They entangle scientific knowledge with political decision-making, as politicians and citizens 

call for certainty, evidence-based solutions, and reliable and trustworthy knowledge bases for 

decision-making. As new stakeholders such as activists, community managers, or individuals enter 

the social conversation around science, they both attempt to influence the conversation, and base 

everyday decision-making on it. 

With science increasingly seen as an important contributor to addressing global challenges, various 

groups position themselves with explicit reference to both. This includes activist movements such as 

Extinction Rebellion or Fridays for Future, taking on roles in curating and sharing science 

communication efforts. These “alternative science communicators” (Faehnrich, Riedlinger, and 

Weitkamp 2020; Faehnrich 2018) follow in the footsteps of environmental groups engaging with and 

sharing scientific information since “empirical claims about the state of the natural environment are 

core to their message” (Yearley 2008, 168–69). 

The rapid development and urgency of decision-making during the coronavirus pandemic challenged 

science communication and public trust in science. The pandemic could serve as a mirror on the 

relationship between science and society (Metcalfe et al. 2020). Studies observed an initial reduction 

in science-related populism and resentment (Mede and Schäfer 2020) but also increased anti-

intellectualism and delegitimization of scientists and scientific knowledge (Y. Chen et al. 2023), 

alongside highly visible scientists (Joubert et al. 2023). Wikipedia editors engaged in large-scale, high-

tempo collaborations to update the online encyclopedia with developing information and scientific 

knowledge as it became available (Keegan and Tan 2020). Although strategies to combat 

misinformation were widely deployed, scientific observations of debunking efforts had ambiguous 

results (Schmid and Betsch 2022). Amidst lockdowns, social media users turned to memes and humor 

showcasing mundane political commentary (Murru and Vicari 2021).  

In the light of digitalization and global crises, a combination of SCR, IR, and STS seems suitable to 

investigate the complex interactions that shape informal conversations around science in online 

knowing spaces. 

 

2.2 Conceptualizing relationships between science, society, and the digital 
Especially in the online context, science communication is not restricted to scientists themselves. Nor 

is it limited to other professional science communicators such as popular science writers, science 

journalists, museum curators, science educators, or others who create and disseminate materials 

around scientific research as part of professional roles. With science and technology permeating 

everyday lives and increased communication opportunities online, many other actors engage with 

scientific knowledge in varied ways, creating own content, combining sources, linking content on 

their websites or social media feeds, voting or commenting on it. This, in turn, shapes how yet other 

groups of actors encounter it. It is these informal, digitally mediated activities that I am especially 

interested in. So far, these very loosely structured or unstructured practices have rarely been 

highlighted in science communication research.  

Michelle Edwards and Caden Ziegler (2022) point to the opportunities of STS-inspired research for 

investigating informal engagement online by treating symmetrically the different actants, human and 

non-human, that shape the public conversations around science. In this thesis, I explore the role of 

several such actants: informal and alternative actors who are not formally enrolled as science 

communicators, yet take on influential roles in shaping online conversations around science; 
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collective actors and virtual communities that are part of such conversations not as passive 

audiences but as active publics; and data practices, i.e. the social uses of technical affordances that 

steer and shape online conversations. In the following sections, I present concepts that I have used 

for describing aspects of these actants and roles which I return to in my discussion chapter. 

 

2.2.1 Informal science communication 
Besides faster and easier access to information, communication technology and especially social 

media platforms have also contributed to less formal interactions, blurring boundaries between 

public and non-public, or scientific and non-scientific communication. The conversation between two 

scientists, or the commentary on an ongoing academic conference might become public when held 

on a social media platform. Scientists and non-scientists might engage in two-way conversations on 

such platforms (Hara, Abbazio, and Perkins 2019). New media formats such as the platform The 

Conversation might blend scientific communication and science journalism (Guenther and Joubert 

2021). However, other influences also intervene in such spaces: 

“Our findings demonstrate the importance of rejecting the common assumption that science 

communication on social media occurs solely and directly between scientists and publics. We 

strongly encourage other researchers to follow our cue in making visible the “behind-the-

scenes” actants which also shape science communication.” (Edwards and Ziegler 2022, 14) 

Non-scientists might use platforms to collaboratively engage in knowledge-building activities, using 

tools and vocabulary similar to established sciences (Squirrell 2020).  Patients can turn into expert 

mediators about health topics (Egher 2019). Even less formally, people engage with science in many 

ways. For example, they conduct their own experimentation and knowledge building activities 

(Squirrell 2020), request ad-hoc information from social networks (Daume and Galaz 2016), are 

highly supportive of and actively seek out scientific knowledge (M. S. Schäfer et al. 2018). Users of 

social media platforms might relate to scientific content through humor and emotional engagement, 

building identities (Marsh 2020; 2018) or engage more critically through humor and ambivalence, as 

seen in the behavior of trolling (Mendel and Riesch 2017; Birkbak 2018).   

Furthermore, activist groups can engage as “alternative science communicators” (Faehnrich 2018; 

Faehnrich, Riedlinger, and Weitkamp 2020; Maeseele 2009). Science popularization can also be 

“captured” by interest groups, for example seen in dietary advice (Gunnarsson and Elam 2012). 

Nevertheless, the label of “alternative” science communicators also suggests an opposition to “non-

alternative” science communicators that should be treated with caution (Gregory 2020). Lay-people 

communicate about climate science differently than journalists, suggesting different contexts or 

“arenas” for engagement (Lörcher and Taddicken 2017). Various participants in social conversations 

around science online might join by different means, be it humor, visual imagery, video and audio 

content, text discussions, or others; and have different reasons and purposes for engaging. I 

summarize them here as informal science communication activities. 

Education research distinguishes formal learning (linked to schools and training institutions), non-

formal learning (structured learning offered by other organizations and institutions, e.g. museums, 

book clubs, etc.) and informal learning (learning from everyday activities without having a learning 

goal in mind), often linked to policies connected to lifelong learning (Colardyn and Bjornavold 2004). 

Transferring this distinction to science communication, much research focuses on formal (originating 

from scientists) or non-formal (originating from professional science communicators) activities, with 

limited attention to informal actors who do not necessarily act in the roles of professional scientists 

or science communicators.  
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Although research and practice of science communication has vastly expanded, the focus on 

professional and formal activities risks leaving out important aspects of “the social conversation 

around science”. Despite efforts to be inclusive, formal science communication and the education of 

professional science communicators can act as gatekeepers maintaining unequal access to resources 

for different social groups (Bennett, Dudo, and Besley 2022). At the same time, researchers treating 

science and science communication as culture observe rich and diverse engagement practices by 

non-professional actors, both in dedicated popular science spaces and in other knowledge building 

practices. 

With a longstanding interest in interactions between scientific and non-scientific actors, STS-inspired 

research is well-suited to study such informal actors and interactions around science online. STS 

observations range from the expert patient or “increasingly informed patient” (Squirrell 2020, 50) to 

a broad understanding of science communication as culture (Horst and Davies 2021; Davies et al. 

2019; Davies and Horst 2016) and as identity building (Marsh 2020; 2018). In health as in other 

contexts, activists are an important group of informal or “alternative” science communicators 

(Faehnrich, Riedlinger, and Weitkamp 2020). Especially in relation to global crises like climate change 

or pandemics, affected groups can become so large they encompass global publics, due to global 

concerns. They may involve researchers themselves, acting as issue advocates, challenging the idea 

of scientists as neutral “honest brokers” of information (Pielke 2007).  

A different informal engagement practice is that of highly interested groups acting out of personal 

curiosity or identification with a community, rather than personal information needs or political 

appeals. Non-professional actors in science communication (Marsh 2018) or ‘citizen science 

communicators’ (Yang 2021) move beyond the personal reasons that link them to health-related 

informal science communication. In an analysis of media use in Switzerland, researchers identified 

four groups of media users with respect to engagement with science: sciencephiles, critically 

interested, passive supporters, and disengaged:  

“the “Sciencephiles,” with strong interest for science, extensive knowledge, and a 

pronounced belief in its potential, […]; the “Critically Interested,” also with strong interest 

and support for science but with less trust in it, who use similar sources but are more 

cautious toward them; the “Passive Supporters” with moderate levels of interest, trust, and 

knowledge and tempered perceptions of science, […]; and the “Disengaged,” who are not 

interested in science, do not know much about it, harbor critical views toward it, and 

encounter it—if at all—mostly through television.” (M. S. Schäfer et al. 2018) 

The ‘sciencephile’ highly engaged group has also been described as boosters (Perrault 2013). These 

groups are only loosely organized and may or may not be scientists or science communicators in their 

professional lives but act in informal engagement out of a role and identity of curiosity. The interests 

of such groups can range from a very generic interest in ‘Science’ to particular communities such as 

bird watchers, participants in citizen science projects, and many more. One example is the proud 

self-identification of a reviewer of the ‘Ologies’ science podcast as part of a “siblinghood of 

enthusiastic learners” (Ward 2019). Other categorizations have found similar roles. In popular 

science writing, authors can act as “boosters”, “translators”, or “critics” (Perrault 2013). Members of 

online communities perform social identities as “science lovers” through the use of comments, 

memes and humor, without the intervention of professional scientists or science communicators 

(Marsh 2020, 185). 

In my own work, most of the observed communities also fit into the category of sciencephiles. In 

some cases users build credibility by explaining why they have expertise to comment on an issue, but 

in most cases it is not visible whether they have an academic background or expertise in the topic 
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they comment on. But the self-selection of users into communities leads to a high number of users 

that could be identified as “sciencephile” in most of the contexts I have observed, including the 

websites of the two climate movemevents, and two of the three observed communities on Reddit. 

The third community falls into more of a “criticis” or “critically interested” category, nevertheless 

engaging with scientific knowledge, but taking on slightly different roles and perspectives. 

 

2.2.2 Online publics 
The investigation of social structures in digital contexts is closely tied to its technical infrastructures. 

Internet research has treated online spaces, and in turn, online communities, differently alongside 

developing internet eras (Rogers 2013). Descriptions range for early work on cyberspace as enclaves 

disconnected from real-life communities, all the way to ‘onlife’ experiences in social media platforms 

merging online and real-life experiences (Bechmann, Sandvik, and Zelano 2019). Alongside these 

developments, different conceptualizations emerged to describe groups of people engaging in 

common activities online. Relating to the concept of “communities of practice” (Lave and Wenger 

1991), some research conceptualized online spaces as “communities of shared interests” (van 

Schalkwyk, Dudek, and Costas 2020), with more recent work shifting to considering “communities of 

attention” (Costas, Rijcke, and Marres 2020; Díaz-Faes, Bowman, and Costas 2019). Communities can 

take on fleeting and ad-hoc characteristics as users call on their personal networks to answer 

questions (Daume and Galaz 2016). 

A similar shift has occurred in science communication research. In line with moving away from deficit 

models, and alongside the increased opportunities for many-to-many communication, researchers 

are no longer considering groups of people as passive audiences receiving science communication 

efforts, but instead as (representatives of) varied publics participating in science communication 

activities in diverse ways. This lines up with STS interests in publics, especially the work by Noortje 

Marres and others on (online) issue publics in connection with digital controversy mapping (Marres 

2007; 2015; Marres and Rogers 2005; Birkbak 2013). 

Networked publics (“publics that are restructured by networked technologies”) are characterized by 

invisible audiences, collapsed contexts, and a blurring of public and private activities (boyd 2010). 

Social media have contributed to blurring the lines between public and private, and between publics 

and audiences. Although in theory, opportunities to produce own content are open to anyone, 

participation is often found limited to more passive activities such as watching or reading. Fuchs 

(2017) goes as far as calling it a “myth that social media has radically transformed media use from 

passive reception to active participation", with only small numbers of users actually producing 

content. However, users can intervene in online spaces through smaller actions such as likes or 

comments, and relate directly to various communities. This combination paradoxically leads to a 

simultaneous development towards more political and more mundane engagement (Baym and boyd 

2012): 

“As people communicate publically through social media, they become more aware of 

themselves relative to visible and imagined audiences and more aware of the larger publics 

to which they belong and which they seek to create. They negotiate collapsed contexts, 

continuously shifting power dynamics, and an openended time frame. Through discussing the 

personal, mundane, and everyday, people negotiate a sense of public place and help new 

publics—both wanted and unwanted—to coalesce.” 

Even though Reddit has been described as “going back to the roots of the internet” with a focus on 

communities of pseudonymous users gathering around a topic of interest (Squirrell 2018) and my 
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paper 1 examining organizations’ websites, both of these contexts still showcase the mixed informal 

and political nature of online conversations. 

The conflation of informal and political categories online is also reflected in the academic literature. 

An overview from a political science perspective defines publics as having a common issue and a 

common position, which they try to make relevant in a political system (Møller Hartley et al. 2021). 

The authors summarize four approaches to conceptualizing publics in datafied spaces: 1) Publics seen 

as connection and civic cultures (from audiences studies and political citizenship), 2) Publics as 

pragmatic issue-solving spaces (seen in the above-mentioned STS work by Noortje Marres), 3) Publics 

as networked spaces of digital interaction (found for example in the concept of personal publics 

(Schmidt 2014)), and 4) Publics as calculated and manageable enities (found in critical data studies). 

Therefore, it is unsurprising that identity work enabled through communication technologies has 

been observed in several contexts. It has been researched in the collective identities of social 

movements (Ilten and McInerney 2019), or the identities of communities migrating between social 

media platforms if the need arises (Fiesler and Dym 2020). It also is seen in individual identity work 

similar to fan culture tied to various forms of non-professional discussions around science online 

where “scientific authority was maintained by communal sanctions rather than accredited expertise” 

(Marsh 2018). And it occurs in alternative knowing spaces online building collective practices of 

generating, evaluating and organizing information (Squirrell 2020).  

By joining online conversations around science, users help decide what does and does not belong 

into the conversation. They use the affordances of digital spaces to vote on, like, respond to, discuss, 

contextualize, or curate the content of visible in knowing spaces, simultaneously acting in political 

and mundane ways. In this thesis, I have focused my empirical work on science-oriented or 

sciencephile online publics as knowing spaces reflecting both informal and political dimensions of 

online science communication. 

 

2.2.3 Data practices  
At a first glance, one might suspect a clash between STS research emphasizing the social construction 

of technology (Trevor Pinch and Wiebe Bijker 1984) or describing the interwoven aspects of 

sociomateriality (Orlikowski 2007) and internet research from technical or media studies 

backgrounds focusing on technical affordances as separate influences from the social. However, in 

my own and others’ work, a focus on practices and an emphasis on use and users serve to reconcile 

these approaches. In all three fields, STS, SCR, and IR, researchers pay close attention to 

combinations of social or cultural effects as well as technical or media effects, together with 

questions about whether and how these can be untangled from one another. The STS focus on 

practices is helpful here, both in regards to science communication practices, and digital practices; as 

is the understanding of knowledge as socially constructed, both referring to the content of 

conversations around science online, as well as the sociotechnical contexts of the platforms where 

they take place. 

Conceptually, several researchers have brought together social and technical influences. I have been 

particularly drawn to concepts working with the idea of affordances and their use in practice. Similar 

to the ANT-inspired investigation of actants in science communication by (Edwards and Ziegler 2022), 

I study aspects of the complex network of influences that shape online science communication, and 

assign some level of agency to both human and non-human actants. However, I found a distinction of 

technical and social aspects helpful as an analytical category when considering the platform from a 
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user perspective, which is why I have landed on the concept of data practices describing both 

technical affordances and their use. 

On the level of technology, different social media platforms can be described as having different 

technical “affordances”, defined as “what material artifacts such as media technologies allow people 

to do” (Bucher and Helmond 2018). While the concept was introduced by James J. Gibson (1977), the 

work of Donald Norman (1988; 2013) has brought attention to affordances in design work and in the 

design of digital interfaces in the field of human-computer interaction. Norman focuses on 

“perceived affordances” that suggest to the user of an item what to do with it, for example with pull 

bars and push plates that correctly installed ease the use of doors, and incorrectly installed cause 

confusion. This notion of affordances is still widely used in human-computer interaction. It also 

remains a common conceptual approach in media studies (Ilten and McInerney 2019). Bucher and 

Helmond (2018) provide a detailed overview of the history of the concept and its use in relation to 

social media. 

However, the concept of affordances has also been criticized by STS scholars as it “renders users 

passive” in the analysis of digital artifacts (Vertesi 2019, 371). Furthermore, the attempt to separate 

technical and social aspects can be somewhat artificial, since they are very much intertwined. 

Especially STS scholars are frequent to point out that technical affordances are not created in a 

vacuum but continuously shaped through social processes and interactions (Trevor Pinch and Wiebe 

Bijker 1984). This can be described as socio-technical systems with “social and technical components 

independent but intertwined in mutually influencing relationships” (Cozza 2021, 177) or even as 

sociomateriality (Orlikowski 2007; Orlikowski and Scott 2008), challenging any devision between 

social and material influences.  

Nevertheless, the technical possibilities available to users (who can be far removed from the 

development process of these systems) are interesting to consider when investigating social media 

contexts. The notion of affordances can be a helpful analytical category “that captures the 

relationship between the materiality of media and human agency” (Bucher and Helmond 2018). For 

example, Tim Squirrell  (2019) uses the concept of affordances to investigate relationships between 

moderators and users on Reddit, combining it with the STS notion of boundary work.  

Indeed, the notion of affordances seems especially useful when taken together with an STS interest 

in social practices: Several scholars have offered concepts that expand on the idea of affordances by 

considering them in connection to social practices. This includes ‘platform vernacular’ illustrating 

how communication practices emerge within social media platforms (Gibbs et al. 2015), ‘device 

cultures’ understood as the interaction between users and platform (Weltevrede and Borra 2016), or 

platform dialectics describing how Reddit users and moderators respond to each others’ efforts to 

shape the platform (Squirrell 2019).  

Since I am interested in applying the concept on a more localized level, considering not just platforms 

but individual communities on these platforms, I focus on the term ‘data practices’ in my own work. 

The term is used to describe the interplay of technical affordances and the social practices of their 

use in different contexts (Weltevrede and Borra 2016). Considering data practices allows a better 

investigation of user agency compared to affordances alone. This is shown for example in the work 

by Milan (2017) describing “bottom-up data practices” and showing how social movements produce, 

make sense of, and exploit social media data for their own purposes. Similarly, in relation to 

discussions about data literacies, Gray et al. (2018) describe “inventive data practices” and ways that 

data infrastructures are re-assembled in different ways than original designs intended. 
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In this thesis, I understand data practices as the social practices tied to the affordances and to the 

data1 created through the use of these affordances in online platforms. I argue that data practices 

and local differences in data practices offer valuable insights to help understand contextual 

differences between online communities. 

For example, both the websites I investigated in paper 1 and the subcommunities on Reddit I 

examined in papers 2 and 3 make use of hyperlinks, but where the website is unrestricted in how to 

use them, both technical affordances and social practice limit how they can be used on Reddit. 

Another example is the “flair” explored as part of my second and third paper. Allowing Reddit users 

to add a little colorful tag to their profile or their posts is a design choice in the overall platform 

ecosystem of Reddit. It has been constructed by users, developers, moderators, technical necessities 

and commercial interests over more than a decade. While the creation and configuration of this 

design choice could be an interesting social process and aspect of the platform to investigate, to 

users and moderators this feature is a given part of the platform infrastructure and can be 

considered a permanent and stable technical affordance. At the same time, what users do with this 

feature in practice is far from set in stone, varying both between subreddits and over time, with 

moderators setting up elaborate flair systems that fit the collective needs of each subreddit. A focus 

on practices centered around the use of flairs allows me to both assign agency to flairs, consider 

them as socially constructed systems within subreddits, and consider them as technical affordance of 

the platform.  

As this example shows, social and the technical aspects of what is happening on the platform are 

closely intertwined. Nevertheless, from a user’s perspective the technical affordances of a platform 

are set, and users themselves can influence what they do with these affordances and data as data 

practices. Previous research has called for being attentive to differences between platforms (Bucher 

and Helmond 2018). An example is the over-utilization of hashtags on Instagram and the under-

utilization of hashtags on Facebook in comparison to Twitter, shedding doubt on “the comparability 

of the ‘same’ objects across platforms (likes, hashtags)” (Rogers 2018). In my work, I expand on this, 

noting that comparability even within the same platform could be challenged if social processes 

shape the use for different groups of users. In my paper 2, I have made explicit reference to the 

concept of data practices, expanding it to differentiate not only between platforms, but also between 

communities. In paper 3, I chose to work with the concept of platform dialectics to focus on 

interactions between moderators, users, and platform management, in part centered around 

platform affordances. Similar underlying ideas about the combined technical and social influences 

shaping online science communication also present undercurrents in the first paper and the thesis 

overall. In the discussion chapter, I expand on my use of the concept of data practices to describe the 

mediated nature of online science communication. 

The practices around informal online science communication are illuminated by a range of different 

research fields, among which STS, internet research, and science communication research are some. 

Furthermore, many more concepts beyond informal science communication, online publics, and data 

practices highlight aspects of informal online science communication. The three fields and 

 
1 It should be noted that ‘data’ in this context refers to a computer science understanding of the term 

as a sequence of symbols: the data that are produced, stored, changed, or displayed by and to users 

of social media platforms such as texts, data stamps, likes, links, images, and many more (differing 

from an understanding of data in scientific research as collection of values conveying meaning). 
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conceptual backgrounds presented here serve as a way to structure this thesis, but they are 

connected among each other and to other topics. 

For example, when commenting on aspects of digital science communication, the focus of research 

frequently lies on practical aspects of professional roles in knowledge dissemination. Hence, it 

connects to further research interests such as science education (for example internet researcher 

danah boyd’s commentary on media literacy 2018), science journalism (including STS scholar Noortje 

Marres’ critical discussion of the notion of fact-checking 2018), or altmetrics research attempting to 

trace and measure academics’ use of social media (for a review, see Sugimoto et al. 2017).  

Such examples show that many links and longstanding interactions exist between the three areas of 

STS, internet research, and science communication. This thesis builds another such link through the 

investigation of informal interactions around scientific knowledge production online. Furthermore, I 

consider informal practices by actors not necessarily enrolled in dedicated science and science 

communication roles, but nevertheless shaping the social conversation around science in practice. 

With my first paper as part of this thesis, I have contributed to an ongoing discussion about activists 

as science communicators. In the second and third paper, I turned to informal science 

communication activities on Reddit. With both of these contexts, I focus on “sciencephiles” as 

informal science communicators. They have an enthusiastic view of science, frequently defend the 

usefulness of scientific research and closely align themselves with scientific processes of knowledge 

building. This is evidenced for example by many references to scientific journal articles on the 

website of Extinction Rebellion (paper 1) or in submissions to the scientifically oriented subreddit 

r/covid19 (paper 2). 

I return to the concepts presented in this chapter in my discussion in chapter 5. 
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3 Working with digital materials and methods 
Over the last decades, digitalization has dramatically changed the ways that people interact. But in 

addition to changing social interactions, digitalization also influences how researchers can study 

them. In this chapter, I explore how the emergence of digital source materials and computational 

capabilities have influenced research methods. I present how different researchers answer the 

question whether traditional social science methods are still applicable to understand online 

interactions or whether new approaches, theories, methods, or tools are needed. 

The interest in online spaces and the realization that new or adapted methods might be needed to 

study them has emerged simultaneously from several research fields. Overlapping research interests 

in developing new methods to study social practices related to online contexts can be found for 

example in media studies, digital humanities, or computational sociology. They are united by the idea 

of studying digital practices as culture and maintaining qualitative and interpretative research 

traditions even for a “datafied society” (M. T. Schäfer and Es 2017) a “digital sociology” (Marres 

2017) or a new “data theory” (Lindgren 2020).  

Aligned with these interests, STS (already drawing from various fields and having a long-standing 

interest in interactions with technology) is increasingly making use of digital sources and 

computational methods. This stream of research has been dubbed ‘digital STS’ (Vertesi and Ribes 

2019). Influential work in this field includes amongst others Richard Rogers’ work on digital methods 

(2019; 2013) and Noortje Marres’ work on digital sociology (2017). An early collaboration between 

these two authors built on hyperlink tracing to identify and map issue publics (Marres and Rogers 

2005; Rogers and Marres 2000). The relationship between issues, publics, and online networks is a 

recurring theme in digital STS. It connects closely to the seamless and blurry relationship between 

micro and macro contexts online (Latour et al. 2012). 

In my own work, I combined several approaches into what can be summarized as ‘digital fieldwork’ 

(Lindgren 2019; Venturini and Rogers 2019). I used the opportunities of digital materials and 

methods to explore social practices with attention to both the technical and the social contexts that 

shape them. This included website and hyperlink analysis (paper 1), a combination of ethnographic 

lurking and complimentary computational methods (paper 2), and analyzing online controversies 

(paper 3).  

In this chapter, I present reflections about my work with digital materials and methods. First, I 

explain concerns relating to the use of digital materials and field sites, followed by a discussion of 

issues relating to the use of digital methods. I conclude the chapter by elaborating on ethical issues 

surrounding online and social media research. 

3.1 Studying digital sites 
The new modes of interaction enabled by digitalization produce a range of different materials and 

data that researchers can use to study social phenomena. They present both opportunities and 

challenges for social scientists. Two of the main concerns relate to the nature of data that is not 

produced with scientific inquiry in mind, and to the entanglement of media and societal effects. 

Furthermore, the transient and dynamic nature of the field sites poses methodological and ethical 

questions. 

3.1.1 Found and made data 
Online sources present a wealth of data potentially available for research. However, they also 

present researchers with questions on the ethics of using these materials (discussed in more detail 

below) as well as the selection and interpretation of datasets. In the same way that research 
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methods are political, shaping the research object (Law 2004), data are not neutral or objective. 

Data, especially from social media contexts, are fraught with assumptions (Luka and Millette 2018). 

Jensen (2012) distinguishes between data that is ‘made’ for research purposes and data that is 

‘found’ and repurposed from other (often commercial) sources such as social media platforms. The 

wide availability of the latter makes it attractive for researchers in different fields. However, the data 

from these platforms is usually not created for research purposes. Therefore, it might be formatted 

differently than if a researcher had planned the data collection. Where scientists ‘make’ data, for 

example in surveys or experiments, they plan carefully to avoid or at least measure potential sources 

of bias or distortion. But ‘found data’ is at a higher risk of these issues going unnoticed. Especially 

with the allure of big data, researchers risk an assumption that they have collected data from a 

whole population. But this population is not necessarily representative of society. There likely are 

selection biases in which users are present on a given platform at all and how much they chose to 

contribute actively. Similarly, categorizations of data on platforms are designed for commercial or 

legal purposes rather than research interests. They might also incentivize users to provide false or 

incomplete information on categories such as gender, location, or age. 

In my own work, I have made use of found data exclusively. One of the reasons I focused on more 

ethnographic approaches and qualitative understandings of my data through ‘digital fieldwork’ was 

to understand influences that shape the found data I have worked with. Since I have collected found 

data, I can only speculate about potential biases. From other research, I know that Reddit in general 

is dominated by male, younger, and US-based users (Gilbert 2020). Similarly, I know that highly 

educated participants tend to be overrepresented in climate activism with the new climate 

movements able to mobilize young people and especially women and girls (de Moor et al. 2020). I 

assume that the spaces I have observed skew along these lines, but just like data practices differ 

subtly between communities, participation might differ, too. 

At a first glance, the lack of contextual demographic information in online spaces creates apparent 

‘global’ or ‘universal’ participation. But at a closer look, participation is skewed, both in who can 

access the site, who does, and who becomes visible, and who choses to become an active 

contributor. In the sense of ‘ethnographic lurking’ (Squirrell 2019), this is exactly how online spaces 

such as Reddit or the climate activist websites present themselves to users. By using only public 

materials from the respective sites, I take on the perspective of their users or audiences, studying not 

so much what the individual intentions, backgrounds, or contexts of the interactions are, but 

focusing on how they come across and work to shape the observed spaces overall. Paying close 

attention to social and technical contextual clues, I was able to recognize subtle differences that I 

have characterized as distinct localized data practices, even for groups that seemed similar at a first 

glance. Nevertheless, even this perspective can differ, for example with users in different locations or 

with different devices getting a different version of the page. I also observed Reddit users criticizing 

for example too much US-focused media coverage, and requiring that content should be labeled with 

geographic information. While both climate change and the pandemic are global issues, and online 

spaces can potentially be accessed by global audiences, it should be noted that the observed spaces 

mainly cater to and represent discussions of Global North audiences. 

 

3.1.2 Media and societal effects 
In online spaces, societal and media or technical effects converge. This presents researchers with 

questions on whether and how to untangle these two aspects and what exactly the collected data 

may represent. 
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For social scientists, the ubiquity of internet services means that online interactions increasingly are 

considered as a mirror (though perhaps with varying degrees of distortion) of societal phenomena. At 

the same time, there is a challenge in untangling what can be attributed to media effects or societal 

effects when working with such digital data. Practically, (Marres and Moats 2015) identify three 

common approaches to this question: A cautionary approach, removing the ‘noise’ of unwanted 

media effects or technical influences; an affirmative approach, specifically making use of media or 

technical effects for research purposes; and an empiricist approach, investigating empirically “which 

effects belong to media technologies, which to the issues, and which to both” (Marres and Moats 

2015).  

In my work, I am interested in the intertwined effects of data practices on the media side and 

informal science communication practices on the societal side. I follow the empiricist or symmetric 

approach suggested by Marres and Moats (2015) to consider both technical and societal factors in 

my research and how they interrelate. For example, in working with Reddit data, I observed both the 

technical affordances of the platform, and how they were used differently in the various subreddits. 

An example of this is the “flair” or tag that can be added to each content submission. While the 

affordance exists platform-wide and is used across Reddit (media effect), the system of which flairs 

can be chosen from is set up for each subreddit by the moderators, often in negotiation with users 

(social effect). My selected conceptual frameworks of data practices and platform dialectics mirror 

this approach in their attention to both technical affordances and social practices. 

 

3.1.3 Transient and dynamic sites 
Digital field sites are characterized by their transient and dynamic nature. Content changes over time 

and can be shown differently from user to user. Any data collection from digital field sites is only a 

snapshot of the site at that time, not representing how it might have changed over time, or how it 

continues to change.  

For social media data, such as the data I collected from Reddit, the content and the order it is 

displayed in are continuously updated. Users see similar but different versions of the site depending 

on the time of their visit, even if it only happens minutes apart. Ranking algorithms and platform 

ecosystems affect the displayed content. They also change over time themselves, for example with 

changing options for sorting content on Reddit (solutioneering 2021).  

And even the websites of XR and FFF I studied in paper 1 have changed both during and since my 

analysis, despite my focus on the more static content of both sites. Additionally, the hyperlinks 

investigated in papers 1 and 2 also connect to changing content. At the time of my analyses, some 

links had already broken, and more are likely to have broken since. Links to dynamic content, such as 

dashboards of coronavirus case numbers, look different than in the originally posted context even 

briefly later. I have made use of the Internet Archive Wayback Machine whenever possible to be 

attentive to changes over time, and to access websites that have become unavailable. For Reddit, I 

combined a data collection through the pushshift archive that includes even deleted submissions 

(Baumgartner et al. 2020)  and an “ethnographic lurking” process (Squirrell 2019) of the site over the 

course of the pandemic. In this way, I have attempted to capture a process of development over time 

in the three observed coronavirus-related subreddits. I found activity in the subreddits to be 

unevenly distributed over time, leading me to focus on moments of controversy that receive 

platform-wide attention in paper 3. 

How websites and especially social media platforms present themselves to the user can also be 

affected by browser settings, geographic location, and platform features to customize displayed 
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content. For Reddit, users can access the site through the starting page that merges the content of all 

subreddits, the subreddit page showing subreddit-specific submissions, or external links leading 

directly to a post with its comment thread. Users that create a profile can also opt to get a 

customized feed highlighting content from subreddits they ‘subscribed’ to. And users can change the 

default sorting order, for example to highlight new posts instead of the default order determined by 

upvotes in the last 24 hours. 

Sites might look different to different visitors. The notice on Reddits’ starting page during the 

pandemic shown to me in Norway linked the website of the World Health Organization. However, 

archived versions on the Wayback Machine show the notice linking to the US Center for Disease 

Control and Prevention, indicating that US-based users saw this version. While I could not examine all 

possible ways of accessing the site, I have explored which affordances are more or less prominent for 

different users. One outcome from this has been the realization that the “flair” is one of the 

affordances visible for all ways of accessing a Reddit post. This makes it a signal of community 

context across the platform at large. 

 

3.2 Using digital methods 
Increased availability of computational power not only gives researchers access to new types and 

amounts of data. It also allows them to process empirical materials differently and with new or 

adapted methodological approaches. Following a realization that big data and social media data 

should not be left to STEM scientists and commercial data analysts, social scientists engaged critically 

with existing approaches and notions of big data. Eventually, attempts at codifying social science 

approaches to big data and social media research emerged. Several authors have given overviews 

and guidelines for working with computational methods in the social sciences. This includes for 

example the ‘Leiden Manifesto’ for bibliometrics (Hicks et al. 2015), a ‘reality check(list) for digital 

methods’ (Venturini et al. 2018), “critical questions for big data” (boyd and Crawford 2012) or a 

summary of ‘Ten simple rules for responsible big data research’ (Zook et al. 2017). They share 

emphases on reflexivity and attention to researchers’ and other actors’ involvement in shaping the 

data. 

In the following sections, I give an overview of two issues relating to the use of digital methods for 

research in the social sciences: discussions on the use of virtual compared to natively digital 

methods, and questions on the distinctions and relationships between qualitative and quantitative 

research methods. Both relate to the bigger question of whether studying the digital requires new 

methods uniquely created for these contexts, or whether traditional methods should merely be 

adapted to fit new sites and topics of inquiry. 

 

3.2.1 Virtual vs natively digital 
In his definition of digital methods, Richard Rogers (2019, 9) distinguishes between digitized data and 

natively digital data. Digitized data such as digital archives of historical books have previously been 

available to researchers in analogue formats and can be treated with established or slightly adapted 

research methods. Natively digital data such as hyperlinks or tweets on the other hand might enable 

or require different methodological innovations. 

Additionally, Rogers differentiates natively digital methods (only made possible through the use of 

the digital) from digitized or virtual methods that adapt traditional research methods for use with 

digital data sources. The latter might for example include altmetrics (using natively digital data such 
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as tweets or hyperlinks but relying on established methods in bibliometrics), or adaptations of 

ethnographic approaches, such as trace ethnography (Geiger and Ribes 2011). Natively digital 

methods, on the other hand, involve “following the medium” (Rogers 2013) and using media 

affordances to create novel methodologies. In this approach, methods often develop together with 

digital tools. Examples include “seealsology” (“Seealsology” n.d.), visual network analysis with Gephi 

(Venturini, Jacomy, and Jensen 2019; Bastian, Heymann, and Jacomy 2009), and analysis of hyperlink 

networks with “Hyphe” (Jacomy et al. 2016) or the “issue crawler” (Marres and Rogers 2005). To 

Rogers (2019, 9),  ‘digital methods’ include only natively digital methods used on natively digital 

materials while I use the term more broadly in this dissertation. 

Despite experimenting with various natively digital methods, I found myself drawn back to elements 

of more virtual or digitized methods. My work is inspired by ethnographic lurking (Squirrell 2019), 

trace ethnography (Geiger and Ribes 2011) and digital controversy analysis (Marres 2007; 2015). At 

the same time, my approach did include elements of “following the medium” (Rogers 2013). An 

example of this was investigating what parts of the live site the data structure of Reddit maps onto 

and how it might be used to explore localized data practices. I summarize this mixed approach as 

‘digital fieldwork’ (Lindgren 2019; Venturini and Rogers 2019). More detailed explanations of my 

methods for each empirical site can be found in each of the three papers. 

 

3.2.2 Computational vs interpretative 
Digital methods provoke questions about the distinction between qualitative and quantitative 

research approaches. At a first glance, computational methods seem to align with more quantitative 

research approaches, challenging qualitative research traditions in the social sciences and 

humanities. However, in attempting to balance these tensions, some researchers find that qualitative 

approaches might be particularly useful for large, complex, messy, or incomplete digital datasets. 

Traditions such as ethnographic observation or historical document analysis that have long dealt with 

real-world empirical data and its complexities can be fitting for digital contexts.  

Some authors argue for abolishing the distinction between qualitative and quantitative methods 

altogether: With a background in sociology, Simon Lindgren argues for ‘hacking’ social science (2019), 

arguing that ‘digital fieldwork’ is more aligned with the immersive ethnographic approaches of 

anthropologists than with quantitative studies. He puts forth the idea of a reflexive “data/theory” 

that is simultaneously grounded in (sociological) theoretical frameworks and that considers 

exploratory and experimental approaches to data (Lindgren 2020). Lindgren laments that certain 

data science methods resemble a “data piñata” approach (“whacking data with a stick and hopefully 

some insights will come out”). At the same time, Lindgren acknowledges that the dynamic, messy, 

and complex nature of digital data lends itself to tinkering and exploratory or iterative approaches. 

He concludes that “a viable method for social analysis in the age of datafication must have the best 

of both worlds: the gung-ho debauchery of the data piñata approach, and the critically reflexive 

ethos and theoretical sensitivity of sociology” (Lindgren 2020, 175). In line with Lindgren, I think that 

using both exploratory and reflexive moments, and a combination of computational and 

interpretative moments in the analysis can provide new insights that neither approach can produce 

by itself. In choosing my empirical material and analyzing my data, I have worked in exploratory and 

iterative ways, experimenting with a variety of approaches before landing on the ones presented in 

this dissertation. 

An alternative to rejecting the distinction of qualitative and quantitative methods is combining both 

worlds. Anders Munk (2019) offers a descriptions of four styles of combined “quali-quantitative 

analysis”. The complementary style uses both side by side to examine the same object of interest. 
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Single-level analysis makes use of the seamless movement between micro and macro scales that 

digital data can offer. The curative style uses quantitative methods to select data for qualitative 

analysis. And finally, algorithmic sensemaking uses computational algorithms to find patterns in data 

that researchers can then study in more detail. I have experimented with methods of algorithmic 

sensemaking during my research; however, the final results presented in the papers are closer 

aligned with a complementary approach and a curative approach. 

 

3.2.3 Digital fieldwork 
As websites and platforms change, the tools to capture and work with their data need to be 

maintained and updated to reflect the changes as well. With tools created by researchers or 

developers as side projects, rather than for commercial interest, it is more a rule than an exception 

that tools quickly become obsolete or unavailable.  

One reason for researchers to rely on tinkering and building their own tools is the risk of not knowing 

or understanding how ready-built solutions process data and shape outcomes without the 

researchers’ knowledge. Tools for digital social science research contain an inherent “black-box-

tradeoff” (Jacomy and Munk 2022) in that tool design can either prompt reflection and critical 

thinking (resulting in complex tools) or emphasize ease of use (but risk black-boxing decision-making 

processes). In my work, I opted for more manual approaches such as keyword searches or simple 

filtering criteria, alongside ethnographic observations, over more blackboxed tools for representing 

or analyzing my collected data. 

All methods of data collection have different drawbacks for preserving context of online sites. 

Besides ethnographic observations and manual notetaking, three common approaches include 

screenshotting, web scraping, and API access. All of them only capture static snapshots of sites at a 

certain time, posing a challenge for observing fast-changing online contexts.  

Web scraping uses software to extract human-readable data from a website. It often focuses on text 

content and makes it difficult to preserve the original layout of a site. But since it focuses on human-

readable data, web scraping can be valuable to collect the content that a user would encounter on 

the site, while still allowing some degree of computational processing of the data later on. My 

extraction of hyperlinks for the climate activist websites falls in this category. Since I was only 

interested in the use of hyperlinks, this approach was suitable here; it was supplemented with 

observations of the site and comparisons of versions in the Internet Archive Wayback Machine, also 

based on scraping by automated crawlers.  

APIs (application programming interfaces) allow communication between software, for example to 

access data from platforms systematically using own or third-party software applications. The 

structured data resulting from API access is well-suited for further computational processing. It 

allows for simple filtering, for example to systematically find all posts mentioning a certain keyword. 

For paper 2, I collected data via API access. This also allowed me to go back in time, collecting posts 

from the coronavirus subreddits in the first few months of 2020, before I started my ethnographic 

observation. However, the structured data extracted through the API does not have the visual format 

that users encounter on the site. Where users would encounter only a few posts at a time, within the 

website framing, and accompanied by visuals, the API access presented me with a well-structured 

database of posts limited to text content only. 

Screenshotting has the advantage of preserving original visual context from the perspective of one 

user at a certain time. It creates a static image that is not machine-readable, making it difficult to for 

example search for keywords, follow hyperlinks, or access meta-data. In paper 3, I used images of the 
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banner shown on Reddit during the pandemic and of a moderator post on flairs to show the original 

visual representation as it would have been visible to users.  

Frequent changes and breakdowns of tools and strategies for accessing or analyzing data mean that 

even recent scientific publications, having gone through a slow academic publication process, may 

contain outdated approaches by the time they reach readers. This will be true for my own 

publications, with data collection from Reddit not possible with the same tools anymore. 

The Python Pushshift.io API Wrapper (PSAW) that I used as part of the code provided in the 

“Introduction to Cultural Analytics & Python” textbook (Walsh 2021) is no longer maintained, with 

the developer suggesting the alternative Pushshift Multithread API Wrapper (PMAW) on the projects’ 

GitHub repository instead. The pushshift dataset itself (Baumgartner et al. 2020), that I used to 

collect data in late 2021, became partially unavailable in 2022, and was eventually disrupted due to 

changes in the Reddit API in 2023.  

This limitation on API access is paralleled by limitations on other platforms. Many researchers were 

affected by Facebook’s tighter access control over Facebook data in the wake of the Cambridge 

Analytica scandal (Venturini and Rogers 2019). Twitter data, previously overrepresented in social 

media research due to easy accessibility, became restricted to paying users in 2023 (Calma 2023). 

And larger technical developments affect tools as well. The “issue crawler” (Marres and Rogers 2005) 

struggles to work with modern website layouts. “Hyphe” (Jacomy et al. 2016) offers an updated 

approach for a crawler. However, all crawler-based methods encounter problems when following 

links to sites that require logins or payments.  

Summarizing several researchers’ experiences with API breakdowns, Perriam et al. (2019) give three 

possible ways out of dependency on platform access in “post API research”. These include “interface 

methods” (Marres and Gerlitz 2016), a return to webscraping (Freelon 2018), and a call for officially 

established public research APIs (Bruns 2018). 

If I wanted to repeat my research project, I would have to chose different approaches to data 

collection, due to the lack of Reddit API access as of 2023. Although content can still be found in 

other archiving efforts, such as the Wayback Machine, the systematic search and data collection that 

pushshift allowed is no longer feasible. Developments like these have been argued to make a case for 

more qualitative “digital fieldwork” instead of relying on fragile API access (Venturini and Rogers 

2019). They also highlight the digital as a messy and changing field site, rather than an organized, let 

alone complete or reliable archive of social interactions. 

 

3.3 Internet research ethics 
Working with digital data, especially social media data, presents ethical challenges. Researchers find 

themselves facing “a contradiction between big data positivism and research ethics fundamentalism” 

(Fuchs 2017). In digital research, an initial enthusiasm for new opportunities was followed by the 

realization that publicly available data could be more easily de-anonymized. Alongside developing 

digital research practices, discussions about the ethics of using digital data and methods are evolving, 

too. At the same time, large platforms increasingly restricted access to their data as they realized 

both the financial value and potential harms of amassed datasets. 

Following first studies on social media platforms, researchers recognized that public availability alone 

was not a good enough argument to use for example Facebook data (Zimmer 2010). Researchers 

were not alone in this realization. Countless organizations discovered that presumably innocuous or 

anonymized data could be linked back to individuals, especially in combination with other datasets. 
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When Netflix published viewer preferences for a competition to develop recommendation 

algorithms, individual users could be identified by cross-comparison with data from the Internet 

Movie Dababase (Narayanan and Shmatikov 2006). AOL search queries gave detailed insights into 

users’ lives, as shown in a mini documentary on “the heartbreaking search history of user #711391” 

(Engelberts and Plug 2009). More recently, a heatmap of data from the fitness tracker Strava was 

found to reveal the location of US army bases (Metzger et al. 2021). With the increasing availability 

of both datasets and computational power, identification of particular user groups as well as de-

anonymization of individuals is only becoming easier. This makes it crucial to consider implications of 

collecting, combining, and publishing social media data. 

At the same time, there is criticism that companies like Facebook are engaging in large-scale data 

analysis and user manipulation for commercial purposes, while researchers are excluded from 

working with such data for scientific purposes (Hård af Segerstad et al. 2017). The participants of the 

Facebook study criticized by Zimmer (2010) do not seem to have been individually “identified and in 

some way harmed through outing” (Rogers 2018). At the same time, Rogers points out that consent 

might not have been enough to protect them from harm, since participants might be unable to 

predict potential risks. Therefore, it is important to understand the expectations users had when 

sharing content (NESH 2019). Several dimensions of context can come into play in where and how 

social media data was shared to determine how it can be used in research (Özkula 2019). 

The Association of Internet Researchers (AoIR) has developed guidelines for internet research first 

published in 2002 (Charles Ess and the AoIR ethics working committee 2002), updated in 2012 

(Markham and Buchanan 2012) and again in 2020 (franzke et al. 2020). These try to take the 

different concerns related to social media research into account. Nevertheless, much research on 

social media still is conducted without accounting for ethical considerations. Only 16 of 382 

examined studies using Twitter data mentioned ethical concerns, five of those merely indicating that 

ethical review was not needed due to the public nature of Tweets (Proferes and Zimmer 2014). 

Similarly, 101 of 727 examined studies on Reddit mentioned ethics, in most cases noting an 

exemption from ethics review for the use of Reddit data, while only interviews or surveys with users 

of the platform fell under the more traditional ethical review processes (Proferes et al. 2021). 

In Norway, my research falls under the review of, and has received permission from, the Norwegian 

Centre for Research Data (NSD) concerning the collection, treatment, and storage of data for my 

research. Furthermore, I have taken the AoIR recommendations into account in addition to 

Norwegian recommendations for internet research ethics (NESH 2019), making sure to consider 

ethical implications for my work overall and especially for the two papers that work with Reddit data. 

For Reddit, expectations of privacy, along with subreddit rules for what can be shared in the first 

place, might differ between subreddits (Proferes et al. 2021; Fiesler et al. 2018). In the following 

sections, I elaborate on ethical issues I have encountered as part of my work. 

 

3.3.1 Public, personal, and sensitive data 
A summary of rules for responsible big data research reminds scholars that “data are people” (Zook 

et al. 2017). The connection between data collected online and the individuals producing them is not 

always clearly visible but should be accounted for. The European General Data Protection Regulation 

(GDPR 2016) distinguishes between personal data (data that can be tied to an individual person) and 

sensitive data or “special categories of personal data” (such as political opinions, health data, or 

religious beliefs). These can be helpful categories to think about risk from collection, analysis and 

publication of social media data. 
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I have not considered the data collected from climate activists’ websites in paper 1 as personal data. 

Although the Extinction Rebellion page on scientific information mentions an author responsible for 

the content, and the Fridays for Future website might have one or several individuals filling the site 

with content, the pages publicly speak for the organizations in their entirety. I have treated them as 

public information, like for example press briefings might be. The same applies for the rules of 

subreddits and moderator or staff statements collected for paper 3: even if posted from individual 

accounts, they reflect the overall intentions and agreements of the community, rather than an 

individual’s views. These also can be argued to fall under a “reasonable expectation of publicity” 

(NESH 2019) due to the public-facing roles of these particular user accounts. 

However, much of the data collected from Reddit for papers 2 and 3, such as usernames tied to posts 

must be considered ‘personal data’ since it can be linked back to individuals. At the very least, the 

username is connected to a pseudonymous Reddit user account. Depending on the username, the 

content of the post, and the user’s activities on the platform overall, it may be more or less difficult 

to identify an individual person behind the account. There is also a potential risk that Reddit users 

could reveal sensitive personal information, such as religion, ethnicity, political affiliation, or health 

information. There could be photographs of users posted to the platform; or users might lie about 

their age to get access to the platform and hence the dataset may contain information by or about 

minors. During the pandemic, the risk of encountering sensitive data might even have increased, as 

social media users were observed to change their self-disclosure behavior, for example with regards 

to health information (Nabity-Grover, Cheung, and Thatcher 2020; 2022).   

To mitigate the above-mentioned risks in my work with Reddit data, I have only collected 

submissions (not comments under each submission). Furthermore, the subreddits I selected for data 

collection only allow media links to secondary sources, not “original content” produced by individual 

users, thus further limiting the risk of collecting sensitive information. I have therefore treated the 

collected Reddit submissions in accordance with NSD and University of Oslo guidelines for storing 

and processing personal (but not sensitive) data. Although I have encountered sensitive information 

as part of the ethnographic lurking process, I have neither recorded, nor used such data in further 

analysis. 

 

3.3.2 User privacy 
Anonymization of data and obtaining consent from the people involved in the research are among 

the standard procedures to ensure ethical research processes. However, with publicly available 

digital data, both are difficult, if not entirely unfeasible. Quoting from publicly available digital 

materials means that anyone can re-identify user accounts linked to this quote with the help of a 

search engine. And collecting data from social media involves large numbers of users. Many of them 

might only contribute a few data points each to the datasets and move between different platforms 

or communities. This makes it unrealistic to obtain consent before data collection, or even to reliably 

notify users of the data collection after the fact. With my use of the pushshift data (Baumgartner et 

al. 2020), I additionally accessed data that might already have been deleted from the platform. 

Although users can ask for deletion from pushshift, they have to be aware that the data is even 

stored there (Proferes et al. 2021). 

Even though I see no possible harm in the data that I have collected, and much of it is still accessible 

on Reddit, I have opted to be cautious in the publication of my results. Since users had no way of 

knowing they were included in my data collection, and no way of withdrawing from the research, I 

refrain from using identifiable quotes. In paper 2, I only have quoted the headlines of posts (which 

are all headlines from secondary sources and therefore not linked to any individuals). For both Reddit 
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papers, I did not analyze or point out any individuals’ posting behavior, nor attribute actions to 

individual accounts (with the exception of moderators and Reddit staff). In my data collection, I 

originally included a fourth, smaller subreddit. However, analysis of the submissions revealed that 

most of the content in the subreddit was contributed by its founder and moderator only. Despite 

being a public-facing subreddit, it was excluded from publications to avoid pointing out behavior of 

one individual moderator. In paper 3, I have quoted verbatim from posts by moderators of large 

subreddits (who act as a team of moderators, and speak as such, or even act as representatives of 

the entire community) and by Reddit staff who act as public figures. The same applies to the content 

on the XR and FFF websites examined in paper 1. Since the moderators or website admins are a small 

group, a risk remains that quotes could be linked back to accounts. I assume a “reasonable 

expectations of publicity” (NESH 2019) in this case. For the posts of other users in paper 3, I followed 

the same strategy as Marsh (2018) and used paraphrased or aggregated quotes marked in ‘single 

quotes’ for users not having a moderator or staff role. 

 

3.3.3 Sharing back results 
As Proferes et al. (2021) point out, another aspect of social media research ethics is the sharing back 

of results. For Reddit in particular, they observed that research using Reddit data tends to make its 

way onto the platform, even if it is not posted there by researchers themselves. This indicates an 

interest of the platform users to learn about such research. An analysis of interactions in the 

r/science subreddit suggests that open access articles are helpful for public engagement on Reddit. 

Researchers observed that “when original research articles were accessible without fee, comments 

were more engaged and subject-matter-relevant” (Pflugfelder and Mahmou-Werndli 2021). 

Following Norwegian regulations, all my publications will be made available for open access, 

removing at least one barrier for the research to be accessible to the communities I studied. I plan to 

share back results after the Reddit articles have undergone blind peer review and been published. 
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4 Summary of the articles 
This dissertation answers to calls for “making visible the ‘behind-the-scenes’ actants” in science 

communication (Edwards and Ziegler 2022) and for research on “alternative science communicators” 

(Faehnrich, Riedlinger, and Weitkamp 2020). It consists of three single-authored articles illuminating 

several aspects of informal science communication in online contexts. All three articles build on a 

combination of Science and Technology Studies (STS), Internet Research (IR), and Science 

Communication Research (SCR). Table 2 gives an overview of the three articles and their findings and 

contributions.  

Paper 1: Experts, influencers, 
and amplifiers –
Exploring climate 
movements’ 
hyperlinking practices 

2: A tale of three 
subreddits – Community 
data practices shaping 
engagement with 
COVID-19 on Reddit 

3: Moderating an 
infodemic – Platform 
dialectics in coronavirus-
related knowing spaces 
on Reddit 

Topic Climate activists acting 
as (alternative) science 
communicators online 

Online communities’ 
localized social practices 
tied to technical 
affordances  

Content moderators 
shaping coronavirus-
related online 
communities 

Empirical 
context (and 
what it is an 
example of) 

Websites of Fridays for 
Future (FFF) and 
Extinction rebellion (XR) 
(new European climate 
activist movements 
engaging online) 

Three information 
subreddits on COVID-19 
(closely related but 
different online 
communities, distributed 
moderation) 

Moderation practices 
and controversies 
related to COVID-19 on 
Reddit (relationships 
between platform, 
moderators, and users) 

Methods and 
materials 

Website and hyperlink 
analysis 

Ethnographic lurking, 
analysis of reddit 
submissions and their 
metrics 

Ethnographic lurking, 
controversy analysis, 
analysis of reddit 
submissions and 
subreddit rules 

Findings FFF and XR use their 
websites in slightly 
different ways: FFF refer 
to ‘influencers’ and 
popular science formats, 
while XR is academically 
oriented. But both 
emphasize their ties to 
science and especially 
climate science. 

Similar subreddits have 
distinct data practices 
that contribute to 
different 
contextualization of 
online content. 
Collective use of 
platform affordances 
shapes and maintains 
these differences and 
can also make them 
visible to researchers. 

Moderators are 
important gatekeepers 
shaping online science 
communication. At the 
same time, they must 
relate to both user 
demands and platform 
restrictions. These 
platform dialectics 
usually occur within 
subreddits, but can spill 
over across the platform. 

Contributions SCR: different styles of 
activists as alternative 
science communicators  

IR: community data 
practices relating to 
(sub)communities’ micro 
norms 
SCR and STS: data 
practices as actants in 
online SCR 

STS and SCR: moderation 
controversies and two 
forms of platform 
dialectics 
IR: content moderation 
during the pandemic 

Table 2 Overview of the three papers 

For all three papers, I have investigated “knowing spaces” (Law 2016) related to conversations about 

global crises. In my selection of spaces, I focused on informal engagement with science in science-
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oriented or “sciencephile” (M. S. Schäfer et al. 2018) sites and communities. My work builds on 

existing connections between STS, IR, and SCR, such as the understanding of science communication 

as culture (Horst and Davies 2021), and attention to data practices (Weltevrede and Borra 2016), i.e., 

the social practices surrounding the use of technical affordances. 

Paper 1 explores how climate activists can be considered science communicators in their practice of 

providing hyperlinks on their websites. This article contributes to an ongoing SCR discussion about 

environmental NGOs and activists acting as science communicators (Yearley 2008; Maeseele 2009; 

Faehnrich 2018; Faehnrich, Riedlinger, and Weitkamp 2020; Gregory 2020; Windfeldt 2020; Soßdorf 

and Burgi 2022). The paper expands the existing literature by examining online contexts and 

describing how activists recontextualize professional science communication. Although I did not 

explicitly use the concept of data practices here, the observed sites could be considered under this 

conceptual lens: While both groups make use of the affordance of hyperlinking, their individual 

practices enact slightly different norms or ideals for using this affordance. Despite the complete 

openness of a website in what hyperlinks can be used for, the two groups show two main practices 

of hyperlinking. Fridays for Future mainly uses hyperlinks to provide further resources for 

information in the form of a link list. And Extinction Rebelling emulates an academic article format 

using hyperlinks as references to sources of information. Connected to these practices, Fridays for 

Future links to more popular science and traditional news formats, whereas Extinction Rebellion 

refers to academic publications. 

In papers 2 and 3 I focused on the platform Reddit and the coronavirus pandemic. The platform can 

be understood as “an assemblage of over one million online communities” (Chandrasekharan et al. 

2018). These communities or “subreddits” develop distinct norms and rules for what can or cannot 

be submitted in each space (Fiesler et al. 2018). Unlike the sweeping “industrial” approach to content 

moderation seen on other large platforms such as YouTube or Facebook, rules on Reddit are created 

and enforced by volunteer moderators for each individual subreddit (Caplan 2018). Since THE 

negotiation of moderation practices happens in each subreddit, the practices and conflicts related to 

content moderation can become transparent to users of the platform, and leave traces that can be 

used for research. 

During the pandemic, I observed how three subreddits emerged at the same time, sharing the 

ambition of providing reliable information about the virus. The subreddits developed into three 

distinct communities, with the “r/coronavirus” subreddit focusing on traditional news sources, 

“r/covid19” emphasizing scientific information, and “r/china_flu” providing a space for critical and 

skeptical engagement. In paper 2 I studied the contribution of collective data practices to shaping 

these distinct spaces, and in paper 3 I focused on interactions around the subreddit moderators. 

Paper 2 examines the data practices, or the collective use of affordances, in each subreddit. With its 

attention to mechanisms in online communities, this paper emphasizes ties to internet- and social 

media research. In this article, I studied submissions to the three different subreddits. I combined the 

concept of platform-specific data practices (Weltevrede and Borra 2016) with the observations of 

community-specific norms and rules (Chandrasekharan et al. 2018). I focused on five practices 

related to platform affordances that stood out as main drivers of subreddit differences: Submissions 

of new content, crossposting of content between different subreddits, commenting on submissions, 

voting to influence the order that content appears on the page, and the use of “flairs” (tags showing 

categorization or evaluation in subreddit-specific context). This paper shows that the concept of data 

practices can be useful to examine not only differences between platforms, but also differences 

between communities on the same platform, allowing researchers to tease out contextual 
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differences of online knowing spaces. I suggest the notion of “community data practices” to describe 

differences in use of technical affordances within the same platform. 

Paper 3 investigates moderators and moderation practices as important gatekeepers of online 

science communication. Taking moderation tensions and controversies as starting points, this paper 

is the most STS-oriented of the three articles. Following interactions in the three coronavirus-related 

subreddits, I noticed that highly visible conflicts in the communities were not so much centered 

around scientific information about the virus, but rather around content moderation of the topic. 

Within subreddits, moderators acting as community managers (Gillespie 2018) have considerable 

power to shape the community. At the same time, users comment upon moderator decisions, voicing 

criticism, approval, and suggestions for changes. Building on the concept of platform dialectics 

(Squirrell 2019), I examined moderation tools and strategies such as rules or frequently asked 

questions used within subreddits, as well as three moderation conflicts that spilled over into other 

subreddits.  

First, I followed the development of distinct subreddits in the first three months of 2020, leading to 

competing subreddits and users commenting on what types of content belong where, as well as 

disputes about appropriate levels of content moderation. Second, I observed a brief episode in 

March 2021, where a disagreement between moderators of r/coronavirus briefly threatens to 

rearrange the established practices of which content belongs in which subreddit. And finally, I 

investigated an organized protest against coronavirus-related misinformation that reached across the 

platform in August 2021, prompting interventions by platform management. In these three 

examples, moderators first work with selected community members and against others to establish 

subreddit rules, then take communities hostage in an internal dispute, and finally act as 

spokespersons of said communities, showing the power but also difficult interactions they have in 

relation to users, other moderators, and Reddit management. I argue that the dialectics both within 

communities as well as across communities on the platform are important contributors in shaping 

the knowing spaces of informal conversations around science. 

While papers 1 and 2 share an investigation of hyperlinking practices and use of sources, papers 2 

and 3 share Reddit and the pandemic as field site and context. To investigate the actants in these 

online informal science communication contexts, I have opted to study the digital traces that are 

visible to users of these sites and that users relate to and interact with.  

In all observed contexts, hyperlinks connect to scientific information in different formats. But what is 

shared and how it is recontextualized is shaped by the features of the platform and collective 

interactions as well as volunteer moderators acting as community managers (on Reddit) or by 

administrators choosing how to use links (on the websites). Focusing on these data practices reveals 

differences that allow to take context into account for research in each of these knowing spaces. For 

example, while most of the investigated spaces can be called “sciencephile” and share almost 

idealized imagery of how science works, the users and moderators of r/china_flu create encourage 

more critical and skeptical engagement – even though they refer to similar sources and employ the 

same platform mechanisms to do so. 

With my papers, I want to highlight informal online engagement with science and how it is mediated 

by social influences. While some of the involved users and moderators might have scientific 

backgrounds, and some rules or data practices pay homage to scientific research (for example 

highlighting academic reports as reliable sources), these spaces are not built as formal science 

communication efforts. Rather, they build on users’ self-selection and identification with each space 

(Marsh 2020). This create distinct communities or knowing spaces with distinct norms and practices. 
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Both practitioners and researchers in science communication can benefit from attention to these 

local contexts, which can be identified and characterized using approaches from STS and IR. 
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5 Discussion  
This thesis is a contribution in both showing the importance of considering local contexts for science 

communication research (SCR), and in showing how concepts building on Science and Technology 

Studies (STS) and internet research (IR) can be used to characterize such contexts. In online science 

communication, attention to actants that mediate conversations around science highlights the 

relevance of informal science communication efforts, their ties to formal science communication, 

and their diversity across different online communities and contexts. 

I understand science communication broadly as “conversations around science” (Bucchi and Trench 

2021). This creates fuzzy boundaries of what can be considered science communication. Although 

methodologically challenging, this understanding is fitting for rapidly changing online landscapes and 

an understanding of science communication as culture (Horst and Davies 2021; Davies et al. 2019; 

Davies and Horst 2016). In online conversations around science, boundaries between public and non-

public, scientific and non-scientific, technical and social influences become increasingly blurred.  

Building on scholarship from STS, internet research, and science communication, I asked: In science-

oriented online contexts relating to global crises, what traces are visible of ‘behind-the-scenes 

actants’ shaping conversations about science? Investigating “knowing spaces” (Law 2016) related to 

climate change and COVID-19, I have found conversations around science mediated by informal 

actors, by collective activities and community dialectics, and by data practices that can characterize 

variations between communities.  

My work responds to calls for research on intermediaries shaping science communication (Edwards 

& Ziegler, 2022) and alternative actors in science communication (Faehnrich et al., 2020). It highlights 

that people in online contexts are not passively exposed to algorithms, nor to professional science 

communication, but instead engage and interact as communities. They individually and collectively 

shape what becomes highly visible, negotiate what is allowed in a particular space, and relate to a 

complex network of technological and social influences. I have found actors moving through different 

forms and formats of informal engagement, localized data practices shaping context on a community 

basis, and socio-technical dynamics on platforms highlighting both the roles of individuals as well as 

the collectives and the technical features they interact with. 

 

5.1 Informal knowing spaces 
Science communication is simultaneously influenced by increased professionalization and by 

increased informality (Bucchi & Trench, 2021). In this thesis, I have focused on the latter, 

investigating contexts where scientists and professional science communicators only play secondary 

or indirect roles. As scientists and non-scientists act in diverse online contexts, the categories 

become blurry between scientific communication among scholars, and public science communication 

or popularization involving wider audiences. This is especially relevant in informal contexts where 

contributions of professional science communicators or scientists stand side-by-side with those of 

others, and where various actors can take on roles of science communicators. 

With research focused on either professional science communication, or content moderation and 

misinformation, informal and alternative actors shaping the conversation around science risk being 

overlooked. I argue that science communication research and practice can benefit from attention to 

informal activities.  

Several types of “knowing spaces” with distinct “webs of practice” (Law 2016) exist that relate closely 

to academic practices, but nevertheless follow own ideals and practices. I recognized elements of the 
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interactions surrounding climate activism and discussions of COVID-19 on Reddit in several scholarly 

debates. Taken together, they can build a basis for discussing informal conversations around science. 

The categorization of media users identifying “sciencephile” engagement (M. S. Schäfer et al. 2018) 

and a description of “ad-hoc” information seekers (Daume and Galaz 2016) informed my initial 

understanding of informal engagement with science. However, after encountering the discussion on 

activists as alternative science communicators (Faehnrich, Riedlinger, and Weitkamp 2020), my first 

paper developed in that direction. Later, I noticed that this engagement with science stands in 

interesting contrast to STS work on concerned groups (Callon and Rabeharisoa 2008). While 

concerned groups are portrayed as antagonistic to academic science, the climate activists I followed 

in my research showed close alignment with and idealized discussions of science. Working with 

Reddit data in paper 2, I returned to the contrasting categorization of “critically interested” and 

“sciencephile” engagement that I observed on the platform. 

Combining and building on these existing descriptions, I arrive at five influential roles in informal 

science communication. Table 3 shows an overview of the five roles and how they map onto both my 

own and other researchers’ work. The nature of online communication means that users can switch 

between these roles or even take them on simultaneously, so the categories should not be taken as 

mutually exclusive or strictly delineated. Nevertheless, I have found them helpful to examine the 

different contexts that informal science communication can be part of and to synthesize my work 

across the three papers. Moving from most to least engaged in scientific knowledge production, and 

from more involved to more casual engagement with scientific content, I present the characteristics 

of these roles in detail below.  

Group Description Examples Own Examples 

Concerned groups Intervention in 
knowledge building 
and dissemination 
mainly out of personal 
necessity 

Patient associations 
(Callon & Rabeharisoa, 
2008) 
Individual patients  as 
expert mediators 
(Egher, 2019) 

Subreddit moderators 
organizing against 
misinformation (paper 
3) 

Activists Intervention in 
knowledge 
dissemination or use 
mainly for political 
purposes 

Environmental groups 
(Yearley, 2008) 
Climate activists 
(Faehnrich et al., 
2020) 

XR & FFF websites 
(paper 1) 
 

Sciencephiles Interest in science as 
part of individual and 
community identity 

“science lovers” 
(Marsh, 2020) 
“citizen science 
communicators” (Yang 
2021) 

r/coronavirus and 
r/covid19 subreddits 
(papers 2, 3) 

Skeptics Emphasis on critical 
thinking and own 
experience  

Dietary advice 
(Gunnarsson & Elam, 
2012) 
Self-improvement 
communities 
(Squirrell, 2020) 

r/china_flu subreddit 
(papers 2, 3) 

Casual information 
seekers 

Ad-hoc engagement 
with science out of 
personal curiosity or 
for entertainment 

Species identification 
on Twitter (Daume 
and Galaz 2016) 

Spillovers of the 
coronavirus topic into 
other subreddits 
(paper 3) 

Table 3 Overview of roles in informal science communication 



54 
 

Concerned groups turn to online contexts to seek resources and voice their experiences about an 

issue they are personally afflicted by. I base this category on Callon’s observations on co-construction 

of knowledge (Callon, 1999) and concerned groups (Callon and Rabeharisoa 2008). These groups 

consist mainly of individuals personally affected by an issue and are often described in the context of 

medical treatments.  

When patients and their relatives turn to online resources and support networks, they engage with 

scientific information about the issue that afflicts them out of a practical and personal need. Patients 

can develop significant interactional expertise when talking about their disease online (Egher, 2019). 

The relationship with science can be antagonistic in this case, with suggestions than an adversarial 

dynamic might even be fruitful for improved treatment (Ko, 2016). 

Collectively organized concerned groups (such as patient networks) may shift from fulfilling direct 

personal needs for information or support to taking more proactive stances, moving towards 

activism. Encountering incomplete or unsatisfying answers to their personal questions, they may 

start to intervene in knowledge building about the issue with the expertise they gain from their own 

experiences. Concerned groups might demand funding or political action to close knowledge gaps, 

urge decision-makers to help afflicted groups, or call for changes in research or treatment regimes. 

Many of the health activist groups described in the literature (e.g. Epstein 1995) seem to operate out 

of an opposition to or dissatisfaction with academic science (even if they gain influence and 

intervene in scientific knowledge production). Similarly, local communities can act as concerned 

groups in the context of pollution, questioning scientific evaluation of radiation not matching local 

experiences (Wynne 1989), or establishing own measurements of pollutants in citizen science efforts 

(Ottinger 2010). 

Concerned groups have not been the focus of my own work. But the organized protest against 

misinformation staged by subreddit moderators (speaking for Reddit users more generally) could be 

understood in this framing. Although not intervening in scientific knowledge building, the protest 

presents an intervention in knowledge building and dissemination activities on Reddit. Community 

managers who experience the problem of misinformation personally in their role as content 

moderators are speaking from their role and experience, representing the communities but also 

seeing the problem in their own work. 

However, in my observations of climate activists, despite the political ambitions, I observed a strong 

contrast in the engagement with science and knowledge building. The activist embrace of scientific 

knowledge I have seen in the XR and FFF websites is noticeably different from the personal and often 

adversarial stance towards science found in the literature around concerned groups. Moreover, the 

notion of “concerned” or “affected” groups with differentiated, relevant expertise, becoming co-

producers of scientific knowledge, is challenging in the context of global crises such as climate 

change or pandemics. Although it might work in specific local contexts of climate change mitigation 

efforts, the framing of climate activism as concerned groups risks a return to the unhelpful 

undifferentiated “publics” of earlier deficit models of science communication, and an implication of 

adversarial dynamics associated with earlier work on concerned groups. 

Activists, even more than concerned groups acting on personal necessity, engage with science for 

political purposes. The climate activists observed in my paper 1 do not act out of a direct personal or 

local concern but refer to global threats. Furthermore, rather than trying to change knowledge 

production intervene in local knowledge building processes, these groups are focusing on getting 

decisionmakers to act on existing knowledge to address global issues. Most of the concerned groups 

described in the literature act in opposition to academic science, or with ambitions to change or 

improve knowledge building processes. However, the climate movements align closely with 
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academic science (and scientists align with the movement, for example in the scientists for future 

movement). Rather than intervening in the process of knowledge building, activists engage with 

science to promote established scientific knowledge and demand that policymakers act in 

accordance with it. 

Activists learn about and share their understandings of scientific knowledge in order to support their 

cause. With my first paper on the practices of Extinction Rebellion and Fridays for Future, I was able 

to contribute to the work considering activists as ‘alternative science communicators’ (Faehnrich et 

al., 2020). Previous examples include observations of environmental groups engaging with science 

(Yearley 2008). Further research has also picked up on the “strategic use” of scientific knowledge by 

FFF to mobilize activists (Soßdorf and Burgi 2022).  

At the same time as activists promote scientific research, researchers can also align with activism. 

Researchers themselves might choose to take a more activist stance, especially if their research ties 

into global and societal issues. Considering researchers as unaffected neutral observers is 

questionable to begin with, but particularly challenging when dealing with questions such as climate 

change, women’s rights, pandemic restrictions, or democratic decision-making processes that 

necessarily affect researchers themselves. Similarly, organizations can be both part of the scientific 

field as well as science communicators, not necessarily opposing either political decisions, nor 

scientific knowledge building, but choosing different sides in different contexts (Windfeldt 2020). 

While overlapping with the idea of concerned groups, activists in groups such as XR or FFF may 

organize not out of a pragmatic personal need but on more normative grounds, demanding local 

action to address global issues. The two groups I have observed as part of my work here also share 

sciencephile characteristics (see below) in their at times idealized notion of “the science” being a 

core point of identification and claimed starting point for political action. They also share the 

sciencephile characteristic of intervening in knowledge use or dissemination, rather than knowledge 

production. 

Sciencephiles are highly interested in scientific content, acting out of personal curiosity, rather than 

personal information needs or political intentions. The term “sciencephile” stems from an analysis of 

media use in Switzerland (M. S. Schäfer et al. 2018). Under other terms, similar groups have been 

identified elsewhere. In a Chinese context, “citizen science communicators” were found to take on 

science communication roles without formal science backgrounds (Yang 2021). Self-proclaimed 

“science lovers” on Facebook were observed to take on interest in science as social identity (Marsh 

2020) in similar ways as users in “online non-professional discussions around science” on other 

forums (Marsh 2018).  

These groups are only loosely organized and may or may not be scientists or science communicators 

in their professional lives. Their informal engagement with science is linked to personal curiosity and 

identity. Most of them have a generic interest in ‘Science’ unlike more differentiated communities 

such as bird watchers or participants in citizen science projects. Identity work (Davies et al., 2019; 

Davies & Horst, 2016; Marsh, 2020) drives the engagement with science in this context in particular.  

For example, in the material I have collected from Reddit, it is not usually visible whether a user has 

an academic background or any other expertise relating to the issue they are commenting on. In 

some cases, users explain their claims to expertise, but in most cases there is no direct contextual 

information about users submitting content to the coronavirus subreddits. Both the r/coronavirus 

and especially the r/covid19 subreddit can be characterized as sciencephile in their strong links to 

and high trust in academic science. Furthermore, the climate activists’ websites also indicate 
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sciencephile characteristics in that they idealize scientific knowledge production and retain strong 

ties to academia. 

Skeptics engage with science more critically. Marsh (2018) adds a “Skeptics” online forum to his 

examination of non-professional online discussions around science, noting the users’ critical but 

nevertheless close connections with scientific knowledge production. A similar group of “critically 

interested users” also occurs alongside sciencephiles in Swiss media use (M. S. Schäfer et al. 2018). 

Besides an emphasis on critical thinking, skeptical groups can also emphasize own experience, for 

example in non-scientific knowledge building communities focusing on self-improvement (Squirrell 

2020). Such engagement can even capture larger public debates, as for example in the context of 

dietary advice in Sweden (Gunnarsson and Elam 2012). Deviating from established academic science, 

the line distinguishing skeptic content from pseudoscience and mis- or disinformation is blurry.  

In my own observations, the r/china_flu subreddit can be considered an example of skeptical 

engagement. Using similar sources as the more sciencephile r/coronavirus, the engagement in the 

more critical subreddit nevertheless focused on skeptical interpretations and criticisms of the 

content. Although questionable content is present in these communities (sometimes marked as 

such), they have similar ambitions as the more sciencephile communities in providing reliable 

information as well as room for discussion, and differ from later banned subreddits rejecting 

scientific content entirely. 

Casual information seekers also play an important role in informal engagement. Becoming even less 

formal than what I have explored as the main part of this thesis, instead of turning to dedicated 

communities, users of social media platforms can also turn to their personal networks on these sites, 

asking for help or information. This has been described as ad-hoc or embryonic citizen science 

communities in the context of species identification on Twitter (Daume & Galaz, 2016).  

In the context of Reddit, communities define themselves much more explicitly than on Twitter. 

Hence, reliance on personal or ad-hoc networks is less observable here than other social media 

platforms. Nevertheless, in global crises, topics are difficult to contain in dedicated communities. 

Establishing r/coronavirus as an official subreddit to discuss the pandemic might have limited ad-hoc 

discussions in other subreddits, but existing communities on Reddit, for example language- or region-

based subreddits, still had to address questions of coronavirus (mis)information (Rohden, 2022). New 

subreddits on the topic proliferated to build communities around particular information needs. And 

users flocking to the coronavirus subreddits that I have observed also commented upon other 

subreddits’ handling of the topic (as discussed in paper 3).  

Further media uses in relation to science identified by Schäfer et al. (2018) include those of passive 

supporters or disinterested. While these could complete the categories of informal engagement 

presented here, they have not been part of my observations, and are therefore not addressed at this 

point. 

These five types of communities or knowing spaces presented here imply different knowledge 

building practices, hierarchies, legitimacies, and data practices. They are also collectively enacted. 

Finally, despite different motivations, and interventions in different aspects of knowledge building 

and dissemination processes, all of the above mentioned groups act as mediators of science 

communication. Most of them engage with scientific content at a significant level (whether to 

criticize or to amplify) despite not necessarily having formal backgrounds in science or science 

communication. While rarely producing entirely new content, they play a role in translating, curating, 

and especially in sharing and spreading existing science communication efforts. Both practitioners 
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and researchers in science communication would do well to pay attention to the collective mediation 

of scientific knowledge through various informal communities online. 

In the context of global challenges and expectations of science to deliver answers and solutions, 

informal engagement with science is likely to increase as scientific knowledge permeates day-to-day 

decision-making. At the same time, politicization increases, for example in appeals to personal 

responsibility for climate mitigation efforts or carbon footprints, or guidelines for behavior to help 

“flatten the curve” in a pandemic. 

The increased professionalization as well as informality in science communication observed by Bucchi 

& Trench (2021) occurs alongside entangled mundane and political activities online (Baym and boyd 

2012). These developments leave their impact on discussions of science online. Like so many other 

online phenomena, the five types of communities engaging with science informally described here 

are not exhaustive, nor entirely distinct from each other. I am left wondering whether the activist 

intervention in knowledge dissemination and use while emphasizing and almost idealizing trust in 

science presents a new form of engagement with science, or the beginning of a type of engagement 

that many STS scholars have highlighted before. The pandemic has both revealed the power of 

science in finding answers and developing solutions to problems, and highlighted the uncertainty 

involved in knowledge building processes and the inability of science to give satisfying answers to 

pressing political questions. There is a chance that the activist engagement I have observed is only an 

early stage of what could become global concerned groups, intervening not only in dissemination but 

also in co-production of knowledge. Further research in online science communication would do well 

to take with them these descriptions of online communities and investigate their developing 

activities an engagement with science. 

 

5.2 Community data practices 
One of the ways I have investigated informal knowing spaces, and especially local differences 

between them, is the idea of data practices (Weltevrede and Borra 2016). This concept combines the 

examination of technical affordances with attention to their social use. It allowed me to follow the 

entangled sociotechnical practices on Reddit. In paper 2 I show how this concept (combining 

approaches from STS and IR) is useful both to examine and to describe differences of online 

communities. While the concept has previously been used to describe characteristics of large 

platforms, such as Wikipedia, I argue that it is helpful to describe local (sub)communities as well. 

My research calls for attention to community data practices and their implications for research on 

digital data and for science communication. While research does pay attention to the way that 

affordances such as hashtags or hyperlinks are used differently on different platforms, I have shown 

in papers 1 and 2 that even very similar communities with similar ambitions and seemingly similar 

online environments can develop distinct profiles and data practices. In paper 1, I have shown the 

different uses of hyperlinks by two climate activist groups. Although not explicitly labeled as such, 

the two organizations’ different use of hyperlinks could be understood as different data practices. In 

paper 2, I have shown the differences between communities on the platform Reddit, all discussing 

information about the coronavirus pandemic. In this paper, I elaborate on the methodological 

challenges of identifying data practices in relation to different affordances of the platform and 

propose the concept of community data practices. Finally, in paper 3 I explore the use of moderation 

tools used to develop and uphold the micro norms and data practices of each subreddit, as well as 

controversies revealing the negotiation of these practices.  
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I argue that social media research should pay more attention to localized practices on and across 

platforms. Amongst others, data practices can highlight whether hyperlinks are used to give further 

information, or to provide sources to prove the reliability of statements; whether there are 

expectations for content that is or is not permissible in a certain space; whether there is agreement 

or disagreement about the purpose and rules of a given online community; and how various actants, 

including technical affordances and moderation practices, shape the practices of each space.  

The importance of understanding the context of data produced in diverse communities is highlighted 

both in an overview of Reddit research (Proferes et al. 2021) and in discussions about the ethics of 

using such data (Nissenbaum 2011; Özkula 2019). In both SCR and IR, data practices could offer a way 

to examine the context of datasets with both attention to community details and the possibility of 

using data surrounding platform features for larger scale investigations, integrating interpretative 

and computational approaches. While social contexts collapse in personal social media feeds 

(Marwick and boyd 2011), communities can collectively recontextualize information in online 

knowing spaces. For scientists and professional science communicators looking to engage with online 

publics, awareness of local data practices could also help to find relevant knowing spaces to engage 

with, and fitting formats and forms of communication to do so.  

The use of hyperlinks is a data practice that unites the empirical contexts in my dissertation. All of 

them have a sciencephile tendencies to lend much authority to academic reports. But they also differ 

in their use of hyperlinks as academic references, as pathways to further information, as educational, 

as entertaining, or as the start of discussions. Considering the data practices surrounding 

hyperlinking has helped me to describe and understand differences between the knowing spaces 

that I have observed and how they provide different contexts to engage with scientific information. 

Knowing that submissions in the three coronavirus subreddits were required to be hyperlinks and not 

“original content” created by Reddit users themselves has also informed my reflections about ethical 

implications of using such data.  

Attention to data practices could help investigate contextual differences in various online knowing 

spaces. Individual websites and communities on Reddit lend themselves to an interpretation as 

individual and distinct communities or knowing spaces. Future research could test the concept on 

other knowing spaces with shared understandings of membership or participation such as YouTube 

channels or Facebook groups. Taken further, similar dynamics might even describe more loosely 

delineated knowing spaces such as hashtags used to signal communities in platforms that do not 

explicitly group content or users into distinct subcategories.  

 

5.3 Publics and platform dialectics 
In online contexts, people who engage with science communication can move between being passive 

audiences and active publics, at the same time as public and private, personal and political, individual 

and collective interactions become increasingly hard to distinguish. People might move seamlessly 

between roles and knowing spaces such as those presented above. Online, informal, personal and 

mundane activities are tightly linked to the political, through an increased awareness of belonging 

with varied publics (Baym & boyd, 2012). Likewise, distinctions of online and offline activities 

increasingly blur into “onlife” interactions (Bechmann et al., 2019). In the context of concerned 

groups, public-private distinctions become meaningless to analyze as actors are actively blurring 

them, changing the relationships between science, politics, and economic markets (Callon & 

Rabeharisoa, 2008). However, concerned publics do not only assemble around political or pragmatic 

issues, as in the case of concerned groups or activists. They can also share more mundane, curiosity-
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driven, or ad-hoc interests tied to identity work  (Davies et al., 2019; Davies & Horst, 2016; Marsh, 

2020). 

Researchers and professional science communicators can act as moderators themselves, carving out 

space for public history on Reddit (Chandrasekharan et al. 2018) or hosting shorter formats of 

engagement (Hara, Abbazio, and Perkins 2019). Nevertheless, they also have to relate to the 

community expectations and the platform dialectics at large. 

The structure of Reddit invites itself for bringing back a consideration of online communities as 

distinct contexts as seen in early ‘cyberspace’ studies. Research points to significant differences in 

subreddits’ use of content moderation practices (Chandrasekharan et al. 2018) or their creation of 

subreddit-specific community rules (Fiesler et al. 2018). Considering these small (sub)communities 

allowed me to explore their data practices separately, studying the evolving rules about what 

content is acceptable, but also practices such as flairing that serve to categorize and organize 

content. At the same time, the ties to the large platform drive continuous engagement in these small 

communities in ways that separate forums would be unable to sustain (Lagorio-Chafkin 2018, 151). 

The fast growth of coronavirus-related subreddits to six- and seven-digit numbers of subscribers 

within few months in early 2020 would have been impossible for an independent platform. 

Reddit moderators (or community managers in the categorization of Gillespie, 2018) play an 

important role in shaping the distinct communities of subreddits, and relating to the platform at 

large. At the same time, collective interactions within and between communities also play a role. The 

same incentives that push communities to migrate between platforms (Fiesler and Dym 2020) can 

also create a movement of communities to different spaces within a platform. Communities depend 

on platforms to reach large audiences, but that makes it more difficult to impose and maintain local 

norms. At the same time, local norms are needed to maintain a distinct profile, attracting and 

maintaining a community of users that enact shared data practices. 

Squirrell (2019) has described the interactions between users, moderators, and platform 

management as platform dialectics. I build on this work, proposing a distinction between two 

connected dialectics that shape modern online communities. In-community dialectics revolve around 

content moderation and boundary work of what is permitted in each space. Cross-community 

dialectics steer users to alternative knowing spaces and shape discussions of wanted and unwanted 

content at the platform level.  

Although the exact setup of Reddit is unique, such collaborative understandings of platform 

affordances might exist elsewhere. This could be for example Facebook pages or groups, or YouTube 

channels, with some youtubers explicitly reminding viewers to not engage in negative comments to 

avoid the algorithm picking up on them or competing Facebook groups being set up with different 

rules similar to the divergence of users in response to coronavirus-related moderation practices. 

Moderators especially, but also community members themselves, engage in boundary work of what 

does and does not belong in this particular context.  

This can be considered as publics in the political sense, or issue publics in the STS sense, especially 

when considering the climate activist websites of paper 1. However, with informal science 

communication, engagement need not be explicitly political, nor does it have to be limited to one 

issue. In the example of the overlapping issues of coronavirus (mis)information and reddit 

moderation practices explored in paper 3, controversies related to COVID-19 where more about how 

to moderate information than about the information itself and where a personal dispute between 

moderators briefly threatened to shift the landscape of coronavirus-subreddits on the platform. 
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The loosely connected online communities on Reddit (papers 2 and 3), especially when including 

lurkers or reading users, might be more passively constructed as audiences. However, even there, 

people can make minor adjustments to their use of the platform through which subreddits they 

subscribe to, whether they change the default sorting order, or even which content they stop to read 

or click to read comments. They can be simultaneously members of niche communities (German 

language memes about COVID-19) and of a large Reddit user community, if not a global online public. 

At the same time, interactions in these spaces can be personal and mundane, and are shaped by a 

complex assemblage of technological and social influences. One way of examining these in this thesis 

has been the notion of data practices. 

Understanding online publics as communities also helps to understand the platform dialectics I have 

explored in paper 3. Building on Squirrell’s (2019) work, I have distinguished two types of interactions 

on Reddit: Those happening within one community or subreddit, and those moving across the 

platform. In both cases, moderators take on roles as representatives of the subreddit and as 

community managers, but they have to interact with both users and platform management to 

maintain that role.  

Community managers (Gillespie 2018) play large roles in shaping online contexts of discussions 

around science. However, despite having considerable influence, they also encounter platform 

dialectics (Squirrell 2019), having to relate to both users and platform management. My paper 3 

investigates the platform dialectics relating to coronavirus discussions on Reddit. With additional 

attention to controversies (or, as Reddit puts it, “drama”), I argue for distinguishing the interactions 

within and across subcommunities on the platform. Further research could even follow communities 

across platforms, for example considering connected communities on discord, Reddit, YouTube, and 

Patreon tied to content creators. 

Both science communicators and decisionmakers on questions of content moderation (be they 

platform-internal or governance oriented) can benefit from renewed attention to community 

managers. In the face of overwhelming amounts of content uploaded to platforms everyday,  

‘artisanal’ or even ‘community-reliant’ content moderation, compared to ‘industrial’ approaches 

(Caplan 2018) seem to decrease in significance. However community managers fulfil an important 

function in Reddit communities. They set the tone for the community, collaborate with users to do 

so, and relate to platform management (at times representing the platform, at times representing 

the users). Thus, they shape what, where, and how content is discussed on the platform, including 

discussions around science. For science communication research, the moderators as well as platform 

dialectics are important mediators that intervene in conversations around science. For practitioners 

and scientists looking to engage, awareness of platform dialectics could help to identify which publics 

and how to engage with. 

 

Taken together, the three articles presented in this thesis explore actants in informal online science 

communication. An STS-inspired focus on interactions and knowing spaces can highlight the involved 

actants and practices that create differing contexts even in seemingly similar spaces. They overlap 

with IR discussions of platforms, communities, and content management. Together, they can help to 

contribute observations of informal engagement with science to SCR.  

Formal science communication activities are connected to the spaces that I have observed through 

hyperlinks. They play a big role, and many of the involved actors emphasize and value academic 

science. But there also are local differences in how communities relate to science and professional 

science communication. Attention to these differences, for example using the concept of data 
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practices, could help to add much needed context to large-scale investigations of digital spaces. They 

can also help practitioners in science communication to identify relevant communities to engage 

with and their norms and expectations for engagement. 

Global crises, impacting political discussions everywhere, challenge ideas of involving ‘concerned 

groups’ in knowledge building. But a return to a vague ‘public’ seems unhelpful. Understanding 

science communication ‘as culture’ is one way of approaching different contexts of the social 

conversation around science. This ties in with the close connections between mundane and political 

engagement of online publics. It remains to be determined how far more casual and mundane 

informal engagement in “sciencephile” spaces stay separate from more skeptical engagement or 

movements towards co-production of knowledge in concerned groups. 
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6 Conclusion 
In this dissertation, I investigated how science communication online is mediated by informal 

knowing spaces, shaped by collective data practices, and influenced by dialectical interactions within 

and between communities. My thesis contributes to a better understanding of what shapes the 

social conversation around science online. I have contributed to investigations of “’behind-the-

scenes’ human and non-human actants” shaping science communication (Edwards & Ziegler, 2022) 

and to conversations about “alternative” actors in science communication (Maeseele 2009; 

Faehnrich, Riedlinger, and Weitkamp 2020; Gregory 2020). 

My work is positioned in the intersecting fields of Science Communication Research, Science and 

Technology Studies, and Internet Research. From the connection of STS and SCR, I take with me the 

interpretation of science communication as culture (Davies et al., 2019; Davies & Horst, 2016; Horst 

& Davies, 2021). It offers an alternative to the prevalent framings of science communication online as 

either misinformation or professional efforts. It might also offer an alternative to the deficit framing 

still underlying common ideas about science and science communication, or the linear thinking 

criticized in studies on the impact of science. The combination of an STS focus on social practice with 

IR attention to technical affordances has produced concepts such as “data practices” (Weltevrede & 

Borra, 2016) or “platform dialectics” (Squirrell, 2019). I have built on and expanded these concepts in 

my thesis, showing that they are well-suited to investigate online knowing spaces. 

My work in this thesis was sparked by a personal realization that I did not see my own social media 

and internet use reflected in both scientific and societal discussions on the influence of social media. 

I do not take my own media consumption as widely representative (indeed, I might be part of some 

particularly small niches of internet users). But as I investigated science-oriented spaces, I realized 

that exploring what is happening in various niches is tied to understanding the much broader ‘social 

conversation around science’ online and has even wider implications than I originally expected. I am 

continuously fascinated by the diversity of activities that even one single platform such as Reddit, let 

alone a broader area of diverse online contexts can encompass, and how differently scholars register 

and interpret these activities. Framing online activities related to science and knowledge building as 

either professional communication or as misinformation by non-scientists risks overlooking a broad 

range of spaces, actors, and practices that shape online conversations around science informally. 

These frames also risk overstating the amount of control that science communication professionals 

or large-scale content moderation policies have over informal knowing spaces. At the same time, 

they might underestimate how closely linked these informal and alternative activities are to scientific 

ideals and practices. 

The coronavirus pandemic has pivoted my work in unexpected ways, catapulting conversations 

around science to the forefront across online spaces in 2020. A flurry of new actors became involved 

in science communication, sometimes deliberately, sometimes unintentionally. As libraries, 

universities, swimming pools, and other venues closed to the public, many linked to health 

information on their websites, highlighting what they deemed trustworthy sources of information. 

Experts in health research and health authorities became public figures almost overnight, moving 

from scientific to public contexts. They found themselves explaining not only the virus and the 

pandemic but also the systems behind the scientific research about them. Professional science 

communication efforts such as the widely shared infographic of “flattening the curve” (Wiles & 

Morris, 2020) became viral social media content, shared among memes about toilet paper, 

speculation about virus origins, nurses’ recommendations on hygiene, and offers to go grocery 

shopping for vulnerable groups. The pandemic acted as a magnifying lens for societal issues, from 

(lack of) digitalization in schools to strained healthcare systems, highlighting systemic inequalities 
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and different outcomes in different populations. It also has magnified and amplified some of the 

effects in science communication. The ones I have investigated here have certainly become visible 

during the pandemic. However, they are not unique to the pandemic, but can be found in other 

contexts as well, not least in conversations about climate change and other global challenges.  

Despite the rejection of deficit models, ideas of “fact checking” and a necessity for people to 

understand “the truth” persist. Especially in the context of urgent issues and explicit denial of 

scientific knowledge, it is tempting to think that if only we could find the right ways of explaining 

things, and the right algorithm to spread it, people would agree with a monolithic “science”. While I 

share climate activists’ frustration with political inaction in the face of overwhelming evidence 

pointing to an urgent need for action, I acknowledge that an idealized and uncritical “sciencephile” 

relationship with science could also be harmful. Paying attention to informal and alternative actors in 

online science communication is important, not least to observe whether there is a risk of returning 

deficit models. This is of course not to say that misinformation is not a problem. The intervention of 

moderators organizing collectively to contest Reddit’s handling of misinformation that I have 

observed in paper 3 was a much needed one. But it also revealed that evidence-based information 

had a weak influence compared to the data practices shaped by moderators, technologies, and 

collective publics at work in various subreddits. Users shaped these knowing spaces, whether they 

were professional scientists, idealist sciencephiles, moderators valuing free speech, conspiracy 

theorists outright rejecting centuries of established science, or anything in between. 

Users in informal knowing spaces are not passively exposed to algorithmic or moderator decision-

making and ordering of information but can also become agents shaping the context by use of 

technical affordances, from simple “voting” to complex suggestions for content moderation. And 

while moderators or community managers play a big role in shaping the context for online 

conversations, they also have to relate to complicated relationships within and among communities 

and platform management. 

Following my own investigation of several online science communication contexts, I can only 

underline Tim Squirrel’s (2019) conclusion that “ the relationships between technologies and 

multiple layers of users are not linear and nor are the interactions they produce straightforward. 

They are dialectical, messy and complex". As such, science communication occurring in various online 

spaces is much more complex and diverse than any individual research project can cover. Exploring 

other actants and venues than the ones I selected, or other methods to approach them, might well 

have led me on a different path. 

Social media platforms create complicated research objects that are not the same over time or to 

different users. Treating them as a site to be encountered in ethnographic observation in 

combination with data collection through API access was my attempt to grapple with this complexity. 

However, as API access becomes increasingly restricted, researchers need to find other entry points 

to studying online interactions.  

The sites I have examined in this thesis present only one form of informal science communication 

online. I have alluded to others in chapter 5.1 but many more remain to be explored. The 

communities I have observed, though informal, are close to academic knowledge production and 

professional science communication efforts both in the resources they link to and how they discuss 

them. The ‘knowing spaces’ observed here are not ‘alternative’ to scientific knowing spaces, but have 

significant overlaps with academic practice. The traditional expertise of academic scientists, or 

professional translation of scientific content by formal science communication roles is not a 

prerequisite to join the discussion. Nevertheless, these formal science communication efforts do 

enter the discussion and still carry weight in the spaces that I have observed. Other informal knowing 
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spaces could be much further removed from ideals of academic knowledge production. While my 

work with Reddit data and especially the r/china_flu subreddit and the controversy around 

moderation of misinformation briefly touch on it, “skeptic” engagement with science could be an 

entire thesis on its own. I have chosen to emphasize “sciencephile” spaces here, but the STS principle 

of symmetry suggests that similar factors might be at play in skeptic or anti-science contexts as in 

those idealizing scientific knowledge production. 

Similarly, I have also largely excluded discussions on misinformation. With advances in generative 
artificial intelligence, platforms will likely face large volumes of online content in need of drastic 
moderator intervention far beyond what volunteer community managers can do. Content 
moderation will necessarily include algorithmic intervention to deal with the volume of information 
on any given platform. Nevertheless, platforms and policymakers alike would do well to pay 
attention to community management, too. The risk of black-boxed moderation decisions makes it all 
the more important to shine a light on various actants in online spaces. For democratic conversations 
around science, we need to negotiate what is or should be socially or technically mediated, come to 
shared agreements about community standards, and allow users to collectively voice their 
unhappiness with decisions, lest they move on to other knowing spaces. 
 
My experience in this project suggests that attention to data practices and platform dialectics might 
be a good way forward to recognize the sociotechnical influences and local differences of various 
online communities that engage in the social conversation around science online. As people travel 
through the landscapes of scientific knowledge production, they enter different spaces that are 
organized and maintained in different ways. Some of the moderated online spaces are not only 
shaped and maintained by ‘custodians’ (Gillespie, 2018). To keep with that metaphor, the landscapes 
of scientific knowledge production also have collective rules and communal agreements on what 
counts as littering, and how often to mow the lawn; they have kind souls watering the flowers, and 
angry post-it notes with noise complaints or reminders to stop feeding the seagulls. Most 
importantly, they are experienced differently by everyone. Navigating these landscapes and their 
dynamic developments is a complex undertaking – it might help to have professional science 
communicators at your side, and there certainly is a risk of encountering misinformation, but that is 
far from the only thing happening. Attention to informal and local activities reveals actors and 
practices that intervene in our experiences in mundane but significant ways.  
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While research shows different links between activism and science, little is
known about activists engaging in science communication online.
Demanding that decision-makers should “listen to the scientists”, the
climate movements Fridays for Future (FFF) and Extinction Rebellion (XR)
emphasize the role of scientific knowledge in democratic decision-making.
Exploring the two movements’ hyperlinking practices reveals a difference in
the extent and selection of hyperlinks on their websites, pointing to
influencer-based communication and focus on popularization of science by
FFF and expert-based communication leaning on academic publications
by XR, with both movements acting as amplifiers of existing science
communication efforts.
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Introduction In 2018, two new climate movements emerged in Europe: the “Fridays for Future”
(FFF) student protests initiated by Swedish high school student Greta Thunberg
and the “Extinction Rebellion” (XR) civil disobedience protests originating in the
UK. Both movements lean heavily on climate science, arguing that “the science is
clear” [Extinction Rebellion UK, n.d.] and that policymakers should “listen to the
scientists” [Fridays for Future, n.d.(c)]. The groups’ use of digital and social media
in combination with other protests has created much visibility online and in
traditional media, both for the issue of climate change and for scientific studies
thereof. This makes the movements interesting examples of activists as science
communicators. Their almost zealous and in parts defensive, in parts idealized
support of science in general and climate science in particular provokes questions
on how the activists connect their demands to scientific knowledge production,
and which sources and formats of scientific information they refer to and in turn
make visible to their audiences. In this paper, I therefore explore the websites and
hyperlinking practices of the FFF and XR movements to examine their role in
communicating and amplifying scientific knowledge on the topic of climate
change.
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Two new climate movements

Fridays for Future originated in August 2018 with the Swedish teenager Greta
Thunberg going on a weekly “school strike” to demand climate action from the
Swedish parliament. Other students joined, and the movement soon spread
beyond Sweden. Students are joining protests and demonstrations on Fridays
instead of attending school, pointing to the discrepancy between learning
information about climate change in school and the lack of political action to reach
agreed-upon climate goals. The movement is organized loosely on an international
level and argues that it is the role of politicians and experts to figure out exactly
what change is needed, refraining from commenting on policy themselves. The
group’s demands are: “1. Keep the global temperature rise below 1.5°C compared
to pre-industrial levels. 2. Ensure climate justice and equity. 3. Listen to the best
united science currently available.” [Fridays for Future, n.d.(b)].

Extinction Rebellion originated in the United Kingdom in May 2018. The group
uses nonviolent forms of protest. It received international media attention for
elaborately orchestrated and highly visible acts of civil disobedience, for example
blocking infrastructure or staging “die-ins” to point to issues of biodiversity loss,
social injustices in relation to climate change, and the dangers associated with
greenhouse gas emissions. Their demands are: “1. Tell The Truth — Government
must tell the truth by declaring a climate and ecological emergency, working with
other institutions to communicate the urgency for change. 2. Act Now —
Government must act now to halt biodiversity loss and reduce greenhouse gas
emissions to net zero by 2025. 3. Beyond Politics — Government must create and
be led by the decisions of a Citizens’ Assembly on climate and ecological justice.”
[Extinction Rebellion, n.d.].

The two movements were initially chosen for their similarities with an intention of
comparing their practices. Both are European, both were established in 2018, both
work with global online as well as local real-life activities, both emphasize science
to establish the extent, urgency, and legitimacy of the issues they seek to address,
and both see democratic decision-making processes as the most important lever to
solving them. Both movements have received increased media attention especially
throughout 2019, have gathered an international following on social media, and
have managed to organize protests and demonstrations across Europe and the
world. Both groups have sparked interest among researchers, for questions on
studying these movements [e.g. Bevan, Colley and Workman, 2020; de Moor et al.,
2020; Feldman, 2020] as well as questions on whether and how scientists should
relate to the movements’ demands [e.g. Fraser, 2019; Hagedorn et al., 2019;
Mahase, 2019; Mitchell, Rub and Wainwright, 2019; Shah, 2019]. Besides visible
engagement with the topic in both mass media as well as scientific outlets,
statements of support and scientist-led initiatives such as “Scientists for Future”
and “Scientists for Extinction Rebellion” show the close connections to academia
the two movements have built. They have in common that they have contributed
to current narratives on climate change, providing narratives with a bigger sense of
urgency [Bevan, Colley and Workman, 2020]. Both have managed to engage new
participant groups in disobedience for political activism (although both are biased
towards a more educated part of the population), and both have targeted local and
national governments with their activism and the framing of ‘listen to the science’
[de Moor et al., 2020].
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At a closer look, however, the groups reveal distinct characteristics, too. They differ
in demographics with much younger participants in the FFF student protests. They
use different modes of peaceful protest with XR emphasizing highly noticeable acts
of civil disobedience to gain media attention and FFF using more traditional
protest rallies and school strikes. And finally, the groups differ slightly in their
messaging with XR adding the concern of biodiversity loss to the shared concern of
climate change.

Activism and science communication

Horst et al. define science communication as “organized, explicit, and intended
actions that aim to communicate scientific knowledge, methodology, processes or
practices in settings where non-scientists are a recognized part of the audiences”
[Horst, Davies and Irwin, 2016, p. 883]. In environments of “post-normal science
communication” where boundaries between journalism and science are
increasingly blurry [Brüggemann, Lörcher and Walter, 2020], activism emerges as
one of many “alternative” [Maeseele, 2009] actors in science communication
activities. These activities are no longer limited to scientists themselves or formal
science communication practices within science journalism or science education.
While activists’ use of science for their own sense-making [Fähnrich, 2018] and
their potential role as knowledge-brokers in policy-making processes [Sardo and
Weitkamp, 2017] have been explored, their role in public communication of
environmental science has only recently come under scrutiny [Faehnrich,
Riedlinger and Weitkamp, 2020; Feldman, 2020; Gregory, 2020; Rödder, 2020;
Windfeldt, 2020]. NGOs working with environmental issues and environmental
action groups can be especially prone to take on a role in communicating scientific
information “because empirical claims about the state of the natural environment
are core to their message” [Yearley, 2008, pp. 168–169], making them an interesting
subject for studying alternative forms of science communication.

Considerations of alliances and blurry lines between science and activism are not
new, for example with activists and patient organizations demanding and
succeeding to gain influence over the scientific study of diseases [e.g. Epstein, 1996]
as “emergent concerned groups” [Callon and Rabeharisoa, 2007]. Similarly,
grassroots citizen science or civic science movements have emerged around the
topic of pollution [e.g. Ottinger, 2010], aligning themselves with selected scientific
practices and practitioners to challenge standards and influence decision-makers.
In exploring the roles of activists as science communicators, local NGOs acting as
“alternative science communicators” have been described as working to reframe or
contest the “science-industrial complex” [Maeseele, 2009] and aligning with some
parts of scientific knowledge production processes in order to challenge others.
While similar forms of alliances between concerned groups and scientists exist in
various constellations, XR and FFF present an interesting case in their emergence
from and support of academic scientists. In contrast to an initial challenge of
academic standards or practices as seen in other groups that successfully mobilize
connections between scientists and activists, XR and FFF fully embrace and
promote established scientific knowledge.

Their close alignment with science and especially climate science also raises
questions on the involvement of researchers in these movements within the
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scientific community at large. Pielke Jr. [2007] describes four idealized roles that
scientists can take on in relation to politics (pure scientist, science arbiter, issue
advocate, honest broker). While he sees all four as legitimate options depending on
circumstances, he warns against taking on a role as a “stealth issue advocate”
politicizing science. Climate scientists and other natural scientists increasingly find
themselves facing a decision of whether or not they should join more radical
climate movements demanding political changes — and whether ‘radical’ is
actually a fitting term for describing them [Fraser, 2019; Shah, 2019]. Statements of
support are being offered by academic communities, groups of scientists are
publicly joining the movement [Hagedorn et al., 2019; Mahase, 2019], and
supporting activist groups named “Scientists for Future” and “Scientists for
Extinction Rebellion” have been formed. This indicates an increasing overlap
between activists, science communicators, and scientists, with some individuals
taking on different roles in different contexts. Interestingly, in this case the ties
between activism and science are not motivated by outsiders’ challenges but by
widespread support for political demands based on climate science from both
within and outside of academic communities, inviting a closer examination of the
new climate movements’ communication practices.

Social movements online

Social movements aiming to influence political decision-making are increasingly
relying on new communication technologies, in particular social media platforms,
to organize themselves, to recruit new members, and to reach large audiences with
their demands. Events with widespread social media activity, such as the Arab
spring protests in 2011 or the viral spread of the #MeToo hashtag in 2017, have
received attention both from the public and from scholars.

Social media platforms allow for “heterogeneous couplings” between scientific and
nonscientific actors, objects, and interactions [Costas, Rijcke and Marres, 2020], not
formally distinguishing between elements of different form, origin, or content and
allowing users to seamlessly move between them. Similarly, hyperlinks can point
to different types of contents and resources, and, despite a general turn to
platforms, still offer valuable insights for social science research since they can
move beyond the ‘gated communities’ of platforms [Ooghe-Tabanou et al., 2018].
However, what users do with this potential for heterogeneity across form, source,
and content, can differ vastly between online spaces. An analysis of comments on
two English-speaking climate blogs showed that commentators only engaged
within like-minded groups and focused on one-way communication [Metcalfe,
2020]. In an analysis of German climate change discussions online, generalization
across different spaces proved difficult, revealing the presence of various “online
public arenas” with overlapping but distinctly different interests and commenting
practices [Lörcher and Taddicken, 2017].

Despite the growing interest in these types of online interactions, there is
surprisingly little research on the use of digital information and communication
technologies in activist movements for sustainability or environmental issues, as
well as related online communities. In part, this might be due to some of these
movements’ extreme focus on the local [Kenis and Mathijs, 2014]. In research on
agricultural practices, Vallauri [2014] concludes that online communities might
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enhance but not replace communal activities and quotes a website coordinator who
wants participants “to switch off their laptops and come meet us in the
neighbourhood!” Nevertheless, newer climate movements such as FFF and XR in
Europe or 350.org in the U.S.A. increasingly rely on digital media to coordinate and
communicate their efforts. While the movements have received some attention in
the academic literature [Bevan, Colley and Workman, 2020; de Moor et al., 2020;
Mitchell, Rub and Wainwright, 2019], their online presences have, despite being an
important part of the movements’ abilities to gain public attention, not yet been
explored as part of their science communication activities.

Aim and research questions

Both FFF and XR engage in discussions about climate science as well as the role of
scientific knowledge in democratic decision-making. Together with their highly
visible online activities, this makes them interesting examples of alternative science
communicators in online settings. The aim of this paper is to contribute to a better
understanding of the two groups’ activities in the context of online science
communication and to examine what sources these groups refer to as ‘the science’
emphasized in their demands. By exploring the online communication activities on
the websites of both XR and FFF, I want to answer the following research questions:

1. What is the role of scientific information on the movements’ websites?

2. How do the movements make use of existing forms of science
communication?

3. How do the movements act as alternative science communicators?

Methods Costas, Rijcke and Marres [2020] describe how social media platforms allow
heterogeneous couplings between scientific and nonscientific actors, objects, and
interactions. Similarly, hyperlinks remain an important part of web infrastructure
even in the age of social media platforms [Ooghe-Tabanou et al., 2018]. They can
point to different types of content online, allowing the curation of collections that
refer to a wide variety of media formats, sources, and topics and making these
available to other users. As climate movements create such collections of
hyperlinks related to climate science on their websites, they build on a variety of
existing formats and sources of science communication, selecting, assembling, and
amplifying them to build their own communication strategy. To analyze the role
and types of references to science used by XR and FFF, I have conducted a website
analysis and a detailed analysis of hyperlinks found on the movements’ websites
as described below. All data was collected on 2020-09-09 and analyzed in the weeks
thereafter, with some additional analysis conducted on the collected materials in
August 2021.

Website analysis

To examine the referencing practices of new European climate movements, I
explored the websites of the two movements ‘Fridays for Future’ (FFF) and
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Table 1. Number of hyperlinks by website sections

Page sections FFF XR UK
contact information 400 290
events 135
resources for members 7 208
about 18 29
issue — climate & biodiversity 7 871
issue — democracy 31
issue — finances 30
Total hyperlinks 567 1459

‘Extinction Rebellion’ (XR).1 After examining the overall structure and appearance
of the websites, I extracted xml sitemaps to get an overview of the sites’ pages and
contained hyperlinks. These were then used to identify sections of the websites
that contain more static content (as opposed to sections with frequent changes such
as news or press releases) to capture core interests of the movements rather than
short-lived campaigns or news items. In addition to the version of the websites
scraped for hyperlinks, I explored the history of both websites using the Internet
Archive Wayback Machine2 to examine the development of the pages over time
and to verify that the selected static website sections indeed remain stable over a
longer time.

The central websites of the two examined climate movements only present a small
glimpse into their online activities. For both XR and FFF, the websites serve as a
hub to link to resources, ongoing events and campaigns, and most importantly
contact information for local groups. Dynamic content on these websites, the
change of the sites over time, content of social media activities, and content of local
accounts or prominent supporters also are a large part of the movements’ online
activities. This study was limited to an analysis of more static website content to
capture core science communication activities of the movements that remain more
stable over time, rather than more dynamic social media content or news or event
pages with frequent changes. Neither the reasons behind the selection of certain
links nor the sites’ policies of content creation were explored as part of this study,
focusing instead on the results of activist movements’ science communication
practices as they are visible online to both human and machine (e.g. search engine
crawlers) visitors of the websites.

Hyperlink analysis

After mapping the structure of both websites, I used the DMI link ripper3 tool to
harvest all hyperlinks from selected static content sections of the websites,
collecting a total of 2026 hyperlinks. Table 1 shows an overview of the website
sections with corresponding numbers of hyperlinks.

1Initially, the international websites (fridaysforfuture.org, rebellion.global) were considered;
however, with more content and being the starting point of the movement, the UK website for XR
(now extinctionrebellion.uk, previously rebellion.earth) was used for the study.

2https://archive.org/web/web.php.
3https://wiki.digitalmethods.net/Dmi/ToolLinkRipper.
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I then explored the hyperlinks in detail, following a ‘haystack to needle’ approach
[Hagen and Jokubauskaitė, 2020], considering and categorizing all domain names
captured in the dataset instead of searching for known sources or relying on
URL-names alone, in order to get a detailed picture of the content linked to by the
two movements. I manually examined all collected links for the source (i.e., the
person or organization providing the content), the media format, and the topic of
linked webpages. When encountering broken links, I tried to find archived
versions using the Internet Archive Wayback Machine.

Subsequently, I grouped all links into categories in an inductive and iterative
process considering sources, formats, and topics. I grouped the different formats
into three overarching media types: text dissemination, multimedia dissemination,
and interactive media. Since there was a significant overlap between the categories
of formats and sources (e.g., most academic texts stem from academic sources), I
chose to report the most frequently named individual sources instead of the
categorizations. Additionally, six topics emerged from the categorization of links.

Duplicates were not removed from the results since they did not occur at a
significant rate. However, some sources such as IPCC reports are cited more than
once, and some sources were linked in different formats (e.g., a pdf document and
a landing page for the same report, or a press release and the article page for the
same scientific publication). Not removing these duplicates presents the weight of
the hyperlinks as used on the page, results might differ slightly if only checking for
unique content linked.

Results The Fridays for Future and Extinction Rebellion websites are similar and fulfill
similar functions. For both Fridays for Future and Extinction Rebellion, the
websites serve as a hub to point to resources, to link to social media accounts from
global and local accounts, and to invite visitors to join national and local groups.
While the movements overall are present on many different social media
platforms, the smaller subgroups often use only one or a smaller selection of
platforms, and do not necessarily have websites on their own, making the
overarching international websites a key point of reference for them as well. Both
groups offer information about the movement and their demands and provide
materials to engage with politicians locally or start own branches of the
movements and both offer scientific background information on climate change,
although the amount, sources, and formats differ distinctly. The two groups’
websites are similar in their structure and visual appearance. The contact pages of
both websites are among those with the largest amounts of hyperlinks. Many of the
links in the contacts, events, and resources sections lead to social media platforms
or pages internal to each group. They indicate the strong emphasis on local
subgroups for both XR and FFF. Both movements also link up with dedicated
partner movements by scientists (Scientists for Future and Scientists for Extinction
Rebellion). Table 1 above shows a detailed overview of the websites’ structures and
number of hyperlinks contained in each section.

The analysis of older versions of each website reveals that XR used a
professional-looking web design from the start and gave detailed scientific
information on a page labeled “the emergency” that was eventually split into
several pages in the version of the website analyzed here. While the XR page has
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Figure 1. Part of the XR website archived at ttps://web.archive.org/web/20200919230926/
https://extinctionrebellion.uk/the-truth/the-emergency/part-1/.

seen only slight changes and mainly additions to its content, the FFF website
started out less structured and looking less professionally edited, with content
spread out across different subpages and a menu-item called “more” containing
much of the information through several layers of subpages. The navigation and
layout of the page was changed completely from the original version to the version
analyzed here, offering a more easily navigable menu structure with a section on
“reasons to strike” similar to the “the emergency” section of the XR website. The
following analysis refers to the websites at the time of data collection (September
2020).

The role of scientific information on the climate movements’ websites

Notably, the XR website contains almost 900 links on their pages related to climate
change and biodiversity loss, pointing to scientific evidence for the movements’
claims about the issues at stake and their urgency. These pages contain a lot of
information, texts, graphs, and hyperlinks to sources about the issue of global
warming, stating that “the science is clear” and quoting scientists and
internationally known authority figures. Websites of national groups can be found
through a map of “branches” in different parts of the world, and provide more
content in other languages, still following the same design and similar structure as
that of the main website, showing a structured organization and close links
between the original group and local branches. The group demands the creation of
citizen assemblies for democratic decision-making to curb the effects of global
climate change [Extinction Rebellion, n.d.] and uses their website to expand on
these demands and provide detailed background information on the issue. Large
parts of the website contain graphs and long text elements with hyperlinks
connected to sections in the text as a form of referencing (see Figure 1 for an
example).

For FFF, the substantial number of contact information links indicates that the main
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Figure 2. Part of the FFF website archived at
https://web.archive.org/web/20200919152312/https://fridaysforfuture.org/take-
action/reasons-to-strike/.

purpose of the website seems to be pointing visitors to relevant local subgroups.
The website contains a prominently displayed large table of contact information
and social media links to various subgroups in different countries. Fridays for
Future also provides a lot of information in video format, and publishes speeches
held by young climate activists including Greta Thunberg. The websites of national
initiatives linked here have unique designs and structures, pointing to more
independent, loosely connected groups in the different countries. In their
frequently asked questions, the organization states “Fridays for Future does not
have the capacity or the competence to evaluate solutions. If you have a solution,
we therefore urge you to send your contribution to those who do, so that it can be
put to use” [Fridays for Future, n.d.(a)] implying a responsibility of local, national
and international policymakers and decisionmakers for evaluating and
implementing solutions to climate change. Figure 2 shows an example of a
collection of links from the FFF website.

Forms of science communication accessed and shared by the climate movements

The hyperlinks collected from the two climate movements’ websites point to a
wide range of different online resources. These were categorized for their affiliation
with various sources, their media formats, and the topics they contained.

Sources referred to

Both XR and FFF refer to a wide variety of sources. Appendix A contains a list of
the most frequently referenced domain names by each organization. For XR, 28
domain names linked 10 or more times account for 62% of all outgoing hyperlinks.
For FFF, 6 domain names linked 10 or more times account for 86% of all hyperlinks.
This shows a higher concentration of links towards fewer sources for FFF, where
social media platforms, e-mail addresses, YouTube videos, and references to the
own website make up the bulk of all collected links, the main part of which refer
visitors to local subgroups of the movement. XR, in addition to social media and
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e-mail links, refers to a wide variety of sources including news websites, academic
publishers and journals, popular (climate) science outlets, and many more, with
many sources referenced only a few times.

Of the links not used for contact information purposes, for FFF, many links go to
social media platforms and videos where categorizing the source is challenging.
Many can be summarized as leading to “influencers”, with talks and presentations
about climate change e.g., by Naomi Klein, a playlist of speeches by Greta
Thunberg and other young climate activists, as well as popular science
representations such as a video “Climate Science: what You Need To Know”
produced for publication on YouTube by American public broadcaster PBS. Other
sources include other activist movements and NGOs. One link goes to the climate
section on the NASA website.

For XR, the picture is different, both in the much larger number of links to scientific
information and the type of sources used overall: links to e-mail addresses and
Facebook as well as XR’s own website are occurring frequently, linking users to
local groups and resources of the movement. However, substantial amounts of
links also point to academic sources such as academic journals or publishers.
Additionally, links to governmental and large intergovernmental organizations, for
example the UN and its different organs, national governments, or national offices
and ministries occur frequently. Other sources include organizations dedicated to
policymaking or research for political decision-making such as NASA and the
IPCC but also think tanks and research alliances. One group of links points to
various news organizations (including large international, smaller local, and
special interest news organizations), organizations engaged in popular science and
education (including Wikipedia, a range of blogs and education websites about
climate change, museums, and popular science magazines). Finally, XR links to a
small number of other activist movements and NGOs.

Formats referred to

Both FFF and XR make use of a wide range of different communication formats in
the links they refer to, making full use of the heterogeneity that hyperlinks permit.
Nevertheless, some formats occur more frequently than others. I have grouped the
different communication formats into three broad categories: text dissemination,
multimedia dissemination, and interactive media. A detailed overview of the
categories and subcategories is shown in appendix B.

The group named text dissemination refers to sources that focus on information in
textual format, mainly comprised of academic articles and policy reports, but also
including news, education, and popular science formats if they are text-based (e.g.,
blog posts). This category accounts for 4% (22 links) of hyperlinks from FFF and a
majority of 58% (841 links) of hyperlinks from XR. Both groups also include links to
crowdsourced texts such as shared documents or wiki articles, the majority of
which stem from the organizations themselves and provide materials to support
activists.

Multimedia dissemination comprises video and visual content as well as social
media content (e.g., individual tweets or posts) and social media collections (e.g.,
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links to a tag, topic, or playlist). For FFF, 16% (90) of the outgoing hyperlinks fall
under this category. For XR, it covers 18% (261) of the outgoing links.

In both text and multimedia dissemination, interactive options such as
commenting or sharing functions might be available but in each case the emphasis
lies on relating information to the audience. In the third category, interactive
media, the emphasis moves instead to interacting with the audience or getting the
audience to take action. This includes explicit requests to volunteer or donate, calls
to participate in specific campaigns, e-mail addresses and forms allowing viewers
to get into contact with specific parts of the movements, and links to social media
profiles implicitly requesting that users follow, befriend, or share content. For FFF,
this category makes up 79% (446) of all outgoing links, whereas for XR it only
accounts for 22% (326) of the links.

When referring to scientific information, FF mainly links to social media platforms
and audio-visual content, with many links to YouTube videos. Extensive lists of
links to national groups of the organization with different e-mail addresses and
social media profiles make up the majority of hyperlinks on the page, indicating a
less involved or less direct approach in communicating science from their website.
Few academic texts are directly linked from the FFF website and dissemination of
information makes use of various multimedia formats.

For XR, the largest group of formats is academic texts (mainly published journal
articles, but also including pre-prints, working papers, or detailed data-analyses),
closely followed by a large number of news texts (such as news articles and blog
posts). Other text formats such as various reports and briefings as well as
collaboratively created documents containing resources for XR members are also
linked extensively from the website. Overall, dissemination of information through
text makes up a large part of hyperlinks by XR. Multimedia dissemination seems
less common for XR than for FFF. XR also provides contact information and social
media profiles but these interactive media formats dominate less than they do
for FFF.

Topics referred to

General information about climate science, including information about emissions,
temperatures, climate models, and extreme weather, is present on both XR’s and
FFF’s websites but much more prevalent in XR’s hyperlinks. For FFF, the biggest
group of links leads to e-mail addresses and social media profiles, categorized as
contact information. The second-biggest group of links leads to information about
political action, including own and other NGOs’ campaigns, requests for donation.
Only few links point to information on climate science and the societal relevance of
climate change and only one link refers to ecosystems. Information on ecosystems
and biodiversity was almost exclusively linked to by XR. A large share of the
hyperlinks by XR refer to societal issues related to climate change, such as
migration or economic costs of climate change. A group of links in this category is
concerned with agriculture and food, both as a threat to biodiversity if left
unchecked, and a threat to humanity if disrupted. Some links lead to discussions of
carbon capturing technologies that emphasize the difficulty and limited potential
of such projects. Table 2 contains an overview of topics and categories linked from
each site.
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Table 2. Topics of sources referred from FFF and XR websites.

Topic group Description FFF XR UK
[other] inaccessible links, rare topics 4 25
Climate science climate change, modelling, emissions, ex-

treme weather events
7 371

Contact information e-mail addresses and social media profiles of
FFF and XR as well as related groups

470 337

Ecosystems biodiversity, tipping points, water systems,
ice loss

1 212

Political action politics, sustainability transition, policy pro-
cesses, activism (including supporting in-
formation for activists, own and other cam-
paigns for climate action)

80 258

Societal relevance Impact of/on climate change for/by society
(including agriculture, food, water, health, in-
equalities, economy, pollution)

5 256

Total 567 1459

Notably, both XR and FFF refer mainly to the natural sciences and discussions of
the issues at stake and their urgency, with few links to possible solutions (whether
technical, social/behavioral, or political) or to contributions from the social
sciences or humanities. Links that serve to establish the issue of climate change as
relevant and urgent are more likely to go out to scientific publications (especially
for XR) whereas links guiding activists on what to do frequently point to own
resources or social media.

Discussion This study compared hyperlinking practices on the websites of two European
climate movements both established in 2018. Contrasting the two movements’
hyperlinking practices paints a picture of two similar interest groups with
overlapping goals that have chosen two different styles of communicating about
the science of climate change on their websites. While the hyperlinks on XR’s
website present a more technical, academic, and expertise-based style of
communication, FFF employs a more accessible, popular style that relies on local
subgroups and figureheads as “influencers”. Despite different communication
styles in detail, both groups emphasize sources and topics from the natural
sciences, both groups act as amplifiers of existing science communication practices,
and both groups show indications of being both alternative actors as well as
alternative outlets for science communication.

What is the role of scientific information on the movements’ websites?

Both the FFF and XR websites contain information about climate science and the
impact of climate change on social and ecological systems. And both movements
emphasize the role of scientific knowledge in informing democratic
decision-making in their demands. However, the role of scientific knowledge on
the websites differs slightly between the two groups. For FFF, the bulk of the
hyperlinks from the website refer to contact information for local subgroups in
different countries and regions. The second-largest group of links contains
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information on political action. A much smaller number of hyperlinks on the topics
of climate science and climate change, together with the reliance on multimedia
formats and well-known figures or ‘influencers’, indicates a more indirect science
communication approach. Direct science communication efforts only make up a
small part of the FFF website, the main purpose of which seems to be the collection
of contact information for affiliated groups (who may be engaging in science
communication as part of their online activities). The XR website also presents
contact information for subgroups and information on political action, acting as a
central information hub for the affiliated groups similar to the FFF website.
Additionally, however, the XR website contains large numbers of hyperlinks on
climate science, ecosystems, and the impact of climate change on societies, often
linking directly to scientific publications or policy reports. These links occur as part
of long and elaborate texts on the issues and represent a more direct science
communication effort created by the group itself.

The content linked from the two movements’ websites mainly refers to texts (for
XR), and texts or multimedia content from authoritative sources, rather than
databases, citizen science projects, or crowdsourced documents (which do occur
but given the political ambitions of participation of the groups, might have been
expected to play a bigger role). While links on the issue of climate change point to a
range of prestigious academic sources, many links on political activism lead to
other activist groups or collaborative documents by the movements. Discussions of
potential ways to address climate change (technical or social), studies of existing or
possible transition processes, knowledge about behavioral change, or other insights
from a wider range of academic disciplines could have been underlined in a similar
way by academic literature yet are largely absent from the examined websites.

Both movements provide only schematic answers to questions of which expertise
should be involved in tackling global challenges, repeating the slogans of “Listen
to the scientists” (FFF) and “The science is clear” (XR). Both XR and FFF refer to a
generic image of “the science”, that is unambiguous in the identification of the
problem of climate change (along with biodiversity loss and problems of social
justice) and seen as the correct group of experts to identify and characterize the
problem. Interestingly, despite the movements’ emphasis on ‘the science’, the IPCC
reports considered the main source of academic consensus on climate change only
feature as one of many sources with XR and are not directly linked at all by FFF. XR
seem to undertake an own summary of different academic sources concerned with
climate change, biodiversity loss, and the societal relevance of both on their
website. FFF on the other hand refer to other forms of science communication, such
as videos or training materials that in turn might reference the IPCC reports,
indicating a reliance on more mediated sources of scientific information for FFF
and a smaller role of this information on the website compared to XR.

Both groups demand that politicians should take the known threats seriously and
plead that states should aim to reach agreed-upon climate goals. As for the
expertise of evaluating potential strategies for dealing with climate change, FFF
argues on their website that solutions to climate change should be evaluated by
scientists giving input to established democratic decision-making processes,
whereas XR pushes for the establishment of citizen assemblies to find and evaluate
solutions. Neither of the two underline these approaches with further scientific
evidence or claims like they do for climate science resources. Both groups attribute
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expertise to a generic image of “the scientists”, arguing that this is the group of
experts that political decision-makers ought to listen to but remaining somewhat
vague [de Moor et al., 2020]. They delegate responsibility for evaluating potential
ways of addressing climate change back to experts (FFF) or a citizen assembly to be
established (XR). In a (possibly intended) contrast to frequently voiced worries
about ‘fact-resistance’ and a perceived loss of trust in science, XR and FFF present a
different picture about what they think the role of scientists should be, demanding
that decision-makers should recognize the established scientific consensus about
threats of climate change, biodiversity loss, and social injustice. At the same time,
these movements do not only communicate the content of one area of science but
also about the role of science, painting an image of science as giving input to
democratic decision-making processes in a perhaps oversimplified way.
Considering Pielke’s [2007] description of ideal types of scientists’ roles in political
decision-making, many of the scientists linked directly or indirectly to both
movements can be seen acting as outspoken ‘issue advocates’ demanding to be
heard whereas the representation of science on XR’s and FFF’s websites paints an
image closer to an ideal of a ‘pure scientist’ providing input to others’
decision-making as objective experts with little or no interest in the outcome — an
idealized role difficult to argue for in the face of all-encompassing threats and
urgent need of change in relation to global warming.

How do the movements make use of existing forms of science communication?

The websites of both XR and FFF can be considered a science communication effort
themselves, curating and presenting information about climate science. More than
that, however, they act as amplifiers linking to a variety of existing science
communication efforts. In line with Yearley’s [2008] description of environmental
groups likely taking on roles as science communicators on the state of nature, the
links to scientific information by both XR and FFF mainly cover different aspects of
climate change and biodiversity loss. Both movements refer to science to establish
the extent and urgency of the issue of climate change (and biodiversity loss in the
case of XR) and the vast majority of hyperlinks is closely connected to academic
research on these issues specifically, amplifying science communication efforts
across journalism, academia, activism, and policymaking in this area.

The use of hyperlinks to scientific knowledge on the websites of FFF and XR can be
summarized as two distinct styles of science communication. XR engages in a more
academically oriented, expertise-based use of hyperlinks, frequently and
extensively pointing to academic heavyweight sources such as publications in
Nature or Science or the IPCC reports, while also contributing with a long tail of
links to other academic sources. There is a much larger amount of text sources by
XR than by FFF. These links are embedded in long and detailed texts on the matter
created explicitly for the XR website. FFF on the other hand, refers to more
accessible formats, linking to videos and social media content rather than text and
using well-known figures as “influencers” to establish trust and credibility of the
presented information. FFF also has a more indirect style of science
communication, linking less information directly and relying on existing formats as
well as local subgroups rather than creating own new communication formats on
their website. These different communication styles might align with the different
participant demographics of the two movements. Nevertheless, there is an overlap
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in the chosen strategies as well. While FFF relies on videos of “influencers”, XR
also has a (text-based) section of well-known figures with links to their statements.
The examined hyperlinks especially for XR lead to a vast range of formats and
sources, covering a variety of academic texts and grey literature but also pointing
to science communication formats that target wider audiences such as press
releases, newspaper articles, videos, or webcomics.

The side-by-side use of different science communication formats and the different
styles of communication by the two movements point to the value of a variety of
science communication formats that alternative science communicators can access
and share with wider audiences. The two movements use distinctive
communication styles but both use their websites and the heterogeneity that
hyperlinking allows as a way to contextualize scientific information and to amplify
existing science communication formats.

How do the movements work as alternative science communicators?

The activities of XR and FFF show two ways in which scientific research links to
activism: firstly, activist groups can take up science to underline their demands,
acting as amplifiers for other science communication channels. And secondly,
scientists themselves can turn to supporting or establishing activist movements as
an outlet of their research activities outside of academia.

Close connections between XR and climate scientists, and related movements of
“Scientists for Future” and “Scientists for Extinction Rebellion” referred to by both
websites indicate that some academic researchers are leaving behind ideals of
neutrality or objectivity in relation to political decision-making and turning
activism and science communication into processes that researchers (alongside
with other participants) might choose to engage with as a result of their academic
work or as outspoken “issue advocates” [Pielke Jr., 2007]. Boundaries between
journalism and science are increasingly blurry [Brüggemann, Lörcher and Walter,
2020]. The analysis of the two climate movements’ websites shows that similarly,
the boundaries between science, science communication, and activism are also
blurring. The websites contain both scientific and political topics and use a variety
of sources side-by-side. The heterogeneity of hyperlinks that creates the same
visual appearance for links to different formats and sources may contribute to this
blurring of boundaries. While XR and FFF might not necessarily consider or name
their actions as science communication, they do engage in communicating (climate)
science to wider audiences, showcasing how “alternative” [Faehnrich, Riedlinger
and Weitkamp, 2020] actors can both make use of and share or amplify existing
science communication efforts. At the same time, the movements’ highly educated
demographics and the engagement of climate scientists in related and supporting
movements suggest that some of these activities could also be characterized as
alternative outlets for, rather than actors of, science communication.

The heavy use of academic journal articles and the text format using hyperlinks as
references, especially on the XR-UK website additionally hint at an academic
orientation of both site creators and intended audiences. This raises questions
whether boundaries between “science” and “activism” can be drawn fruitfully.
While many accounts exist of activist movements successfully using science, for
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example in patient organizations [Callon and Rabeharisoa, 2007; Epstein, 1996] or
in citizen science projects on pollution [Ottinger, 2010], these accounts frequently
see activists as outsiders challenging academic research who eventually gain access
and influence in both scientific and political dimensions. XR and FFF on the other
hand show close ties to academic communities and extensive efforts to
communicate and promote the use of science in political decision-making.

Seen together with indications that these movements have successfully contributed
to strategic narratives aimed at increasing support for policy measures to address
climate change [Bevan, Colley and Workman, 2020], this points to a strong role of
activists as science communicators as also indicated by a series of comments
[Faehnrich, Riedlinger and Weitkamp, 2020; Feldman, 2020; Gregory, 2020; Rödder,
2020; Windfeldt, 2020].

Conclusion In this study, I have explored the websites and the use of hyperlinks by Fridays for
Future and Extinction Rebellion. The two climate movements’ online activities lie
at an intersection of social movements, online communities, and science
communication. I have found that firstly, the two groups engage in two distinctive
styles of communication with XR employing an academic, expertise-based use of
hyperlinks and FFF emphasizing influencer-based content accessible to general
audiences and emphasizing options to interact with local subgroups of the
movement through a variety of digital channels. Secondly, both groups refer to a
vast range of different resources, mixing different formats and sources of scientific
information with a focus on natural sciences and an emphasis on establishing the
extent and urgency of the issue. Finally, the two groups retain close ties to academic
science and can act as science communicators in two ways: on the one hand by
giving scientists a non-academic outlet to draw attention to their research (as
indicated by statements of support and scientist-led subgroups of both movements
and a close orientation to academic formats especially of XR), and on the other
hand by acting as amplifiers of various channels of science communication.

The audiences of the websites and hence the potential reach of these efforts have
not been subject of this study. Research indicates that climate science
communication efforts risk “chanting to the choir” [Metcalfe, 2020]. Further
research should examine whether the same applies to activist movements acting as
alternative science communicators or whether they succeed in reaching alternative
audiences, too. Future research on the use of science by activist movements should
also consider the role of social media as another heterogeneous platform linking
actors and content without clear demarcations of scientific and other sources and
formats. The use of academic science side-by-side with other information and a
variety of science communication channels employed by the two movements point
to the importance of recognizing the diverse range of activities that science
communication can encompass. How audiences of these sites view the presented
content has not been part of this study but also deserves consideration. Finally,
activism as an outlet for scientists to engage in science communication should
receive more attention, for example by following the activities of organizations of
scientists aligning themselves with climate movements such as Scientists for
Extinction Rebellion, Scientists for Future, or Doctors for Extinction Rebellion.
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Appendix A.
Most frequently
referenced
sources

Most frequently referenced sources (domains linked to ≥ 10 times by either FFF
or XR).

domain FFF XR UK Description
mailto 107 88 E-mail addresses
facebook 80 100 Social media
twitter 157 19 Social media
instagram 108 6 Social media
nature 1 98 Academic journal
actionnetwork 2 80 Open online platform for organizing activism
rebellion 76 XR’s own website
docs 3 62 Shared documents (Google docs)
youtube 21 30 Videos
ipcc 36 Intergovernmental Panel on Climate Change

website
science 33 Academic journal
pnas 31 Academic journal
theguardian 31 News website
carbonbrief 30 Popular climate science
bbc 21 News website
agupubs 18 Academic journal (American Geophysical

Union)
climate 1 17 Climate information by US government agen-

cies (NOAA, NASA)
fridaysforfuture 16 FFF’s own website
fao 2 13 Food and Agriculture Organization
sciencedirect 1 13 Academic Publisher (Elsevier)
advances 14 Academic Journal
forms 12 Google forms (used as contact forms)
iopscience 12 Academic Journal (Environmental Research

Letters)
gov 12 UK-government websites
mckinsey 12 Consultancy
theconversation 11 Popular science/ news
un 11 United Nations websites
theccc 11 UK Committee on Climate Change
thelancet 10 Academic journal
skepticalscience 10 Climate Science Blog
Other hyperlinks 68 542 Domain names referred to less than 10 times each
Total 567 1459
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Appendix B.
Media formats of
linked sources
from FFF and XR
websites

media type summary media type group FFF XR UK
[other] 9 31

1 text dissemination academic 5 322
news 3 225
Policy (e.g. reports) 6 180
Crowdsourced (e.g. wiki, shared
documents)

8 70

popular science 44
2 multimedia dissemination own website (i.e. FFF, XR, including

local groups)
38 113

external website 3 67
Video 11 44
social media content (e.g. posts,
tweets)

35 4

Visual 3 33
3 interactive media social media groups and profiles 328 125

contact point (e-mail, forms) 108 181
call to action (e.g. campaigns, dona-
tion requests, volunteer or join re-
quests)

9 11

Feed (e.g. newsletter, RSS feed) 1 9
Total 567 1459
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