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Abstract
This article examines the public communication of COVID-19-related ‘preprints’ (unreviewed
research studies) in a digital media environment. To understand how preprint research flows

from preprint server, to media story, to social media audience, we analysed engagement with

‘second-order citations’ – social media posts linking to media coverage of research – using a sam-

ple of 41 media stories published by the research amplifier platform The Conversation (TC) that
mentioned preprint research during the early months of the pandemic. We applied content ana-

lyses to the Facebook and Twitter accounts sharing these stories and analysed the engagement that

the posts received. We found that TC stories mentioning preprints were shared among a diverse

collection of Facebook and Twitter accounts, providing a second layer of social media amplification

of preprint research. Still, posts by a small proportion of ‘elite’ actors – people with prominent

roles in media and communications, politics or academia – tended to generate more engagement.
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The onset of the COVID-19 pandemic introduced a ‘new normal’ to almost all aspects of daily life,
including science media coverage. In the absence of relevant peer-reviewed research about
COVID-19, journalistic coverage of preprints – publicly available research papers that have not yet
been peer reviewed – became a key aspect of online discourse about the pandemic (Fraser et al.,
2021; Majumder and Mandl, 2020). This wave of heightened media attention to COVID-19 preprints
came with benefits and risks. Preprint coverage may have provided timely insights into how to prevent
and manage the virus, centering the role of scientists in the process. However, several flawed
COVID-19-related preprints were covered widely by the media (see Majumder and Mandl, 2020;
van Schalkwyk et al., 2020), adding to a growing quantity of misinformation (World Health
Organisation, 2020). The risk that preprint media coverage could mislead audiences is recognised by
journalists (Fleerackers et al., 2022); however, journalists are not the only actors shaping public dis-
course around contingent COVID-19 research. Social media accounts also share, contextualise and
amplify scientific findings, including media stories citing preprint research, by sharing hyperlinks
with friends and followers. This study investigates the actors sharing these ‘second-order citations’
(Priem and Costello, 2010) to preprint research on both Facebook and Twitter, using a sample of 41
stories published by the research amplifier platform The Conversation during the first months of the
pandemic.

The conversation as a (preprint) research amplifier

A growing body of research is focusing on the emerging roles for academic explanatory journalism
initiatives within public communication, mostly notably The Conversation (Burgess et al., 2019;
Guenther and Joubert, 2021; Hermida and Young, 2019; Marshall, 2015; Osman and
Cunningham, 2020). Launched in Australia in 2011 and later expanded to eight additional editions
on four continents and one global edition, The Conversation (TC) has been variously described as
a vehicle to promote public intellectualism (Marshall, 2015), a research ‘amplifier’ platform
(Osman and Cunningham, 2020), an impact platform (Pooley, 2017) and an inter-media agenda
setter (Guenther and Joubert, 2021). The researcher-led stories published in TC can be republished –
and hence ‘amplified’ – by other media outlets under a Creative Commons licence (Guenther
and Joubert, 2021; Osman and Cunningham, 2020), further extending their potential reach.
While some TC stories focus on disseminating findings of specific research papers, others
draw on evidence to provide insights and commentary on issues that are gaining prominence
within the news cycle. For example, many of TC’s most popular COVID-19 stories focused on
debunking prominent conspiracy theories or providing timely, practical ‘news you can use’ to
help audiences navigate key challenges of the pandemic (Hermida et al., 2022: 66).

TC’s editorial focus on providing evidence-based insight into contemporary issues with direct
relevance may explain why many readers report using TC stories to inform both personal and pro-
fessional decision making (Zardo et al., 2018). Effectively, its publishing model enables scientists
to ‘take on the role of the journalist and the traditional roles of pitching and writing a story’ (Young
and Hermida, 2020: 94), while also fulfilling the organisation’s mandate of ‘knowledge mobiliza-
tion and exchange’ (Young and Hermida, 2020: 128). This model was initially developed with
peer-reviewed knowledge mobilisation in mind; however, TC was one of the most active digital
media outlets covering preprints during the early months of the pandemic. TC published 41
stories linking to one or more of the 100 most-cited preprints posted on medRxiv and bioRxiv
(two of the most widely used preprint servers) from 1 January to 30 April 2020 (Fleerackers et
al., 2022b). Preprints have been key to the academic response to COVID-19 (Aviv-Reuven and
Rosenfeld, 2021; Fraser et al., 2021) but can be challenging for journalists to verify and cover
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effectively (Fleerackers et al., 2022a). In contrast, researchers writing for TC may be considered
well-positioned to communicate preprint findings because they possess the content area expertise
needed to assess the veracity of the research claims, and because they have access to the editorial
support needed to effectively engage non-specialist readers.

Despite oversight by professional journalism editors, studies suggest that TC’s early pandemic
coverage did not consistently follow journalistic guidelines for covering preprints (e.g. Khamsi,
2020; Miller, 2021; Ordway, 2021). Fewer than half of the stories labelled preprint research as a
preprint or qualified the findings as preliminary, not peer reviewed or needing verification
(Fleerackers et al., 2022b). We suggested that this may be because TC’s audiences comprise
mostly university-educated readers who can be presumed to already be familiar with preprints
and their limitations and benefits (Fleerackers et al., 2022b). Recently, editions of TC have launched
initiatives to engage children and youth (e.g. Victoria State Government, 2019). Although TC’s
audience currently skews young (61% are under 44 years old), about 15% work in academia,
13% in government or policy, 13% in teaching and 10% in healthcare – all of these career areas
tend to require at least some higher-level education (The Conversation, n.d.).

This assumption of a university-educated audience is challenged by TC’s amplifier publishing
model, as media outlets republishing TC content may serve audiences with different levels of edu-
cation and knowledge of preprints. The possibility of multiple and diverse audiences is further
increased by the networked nature of today’s digital media environment (Helmond, 2015). In
this environment, large social media platforms such as Facebook and Twitter play ‘an outsized
and transformative role in the transmission (distribution) of information’ (Box-Steffensmeier
et al., 2022: 16), so researchers have had to move beyond a focus on the media stories themselves
and into the multiple digital spaces where those stories circulate. Many news consumers no longer
actively seek out news but instead encounter it accidentally in their social feeds or streams (Bruns,
2018) – a phenomenon known as ‘incidental news exposure’ (Kligler-Vilenchik et al., 2020: 1026).
On social media, citizens and other actors without professional or commercial recognition facilitate
such exposure among friends and followers by circulating hyperlinks to media stories – contribut-
ing to a ‘multistep’ flow (Ognyanova, 2017) of news information that Hermida (2010: 297)
describes as ‘ambient journalism’. Users may be most likely to ‘discover’ news content through
the shares and recommendations of a crowdsourced group of networked elites – individuals or orga-
nisations whose voices become amplified as other accounts in the network reshare, recommend and
engage with their content (Papacharissi and de Fatima Oliveira, 2012).

Second-order citations and the amplification of (uncertain) science

Social media posts that amplify media coverage of research have been termed ‘second-order cita-
tions’ (Priem and Costello, 2010), and can be differentiated from ‘first-order citations’, or social
media posts that link directly to research papers (or, in this case, preprints). While, in theory,
both first-order and second-order citations play a similar role in mobilising research knowledge
to a wider ‘public’ audience, in practice, the proportion of citizens who engage with first-order cita-
tions is often limited (Haustein, 2019; Toupin and Haustein, 2018). Recent research has estimated
that as many as 96% of COVID-19 preprints shared on Twitter circulate among a primarily aca-
demic audience (Carlson and Harris, 2020). In contrast, people and organisations who share
second-order citations on social media (e.g. links to TC stories) may be more representative of non-
academic research stakeholders, such as activists, businesses or interested citizens (Lemke et al.,
2021). Thus, while a TC researcher author may initially disseminate COVID-19-related research
through a TC story, that story may achieve wider, public exposure as social media accounts and
crowdsourced elites share links to the story across platforms.
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Despite this potential for wide public amplification, in practice little is known about the accounts
that share TC’s preprint stories on social media, or how other accounts in the network engage with
(and thus further amplify) these second-order citations. If social media accounts are mainly aca-
demic, then second-order citations of preprint research might mirror first-order citations and
engage an audience of academic insiders (Carlson and Harris, 2020) with the expertise needed
to understand and vet preprint results. In contrast, if other actor groups – such as media profes-
sionals, political actors or citizen groups – share links to TC’s preprint coverage, second-order cita-
tions to preprints may engage a wider, more diverse public, who may assess preprint research
findings as equally credible as peer-reviewed research claims (Wingen et al., 2022) and possibly
overestimate the contribution that the reported research can make.

To address these questions, this study adopted a mixed methods approach combining social
media analysis and manual content analysis. In this article, we examine the types of accounts
(e.g. academic, political, media and communication, citizen and citizen groups) sharing hyperlinks
to TC stories containing COVID-19 preprint research on Facebook and Twitter. We describe who
was sharing these second-order citations and how much engagement these posts and tweets
received. By understanding more about the different social media accounts facilitating incidental
exposure to preprint research, we shed light on the interconnected roles of amplifier platforms
and social media accounts, and the multi-step flow of emerging research evidence that can take
place in times of crisis.

Method

Identifying the conversation stories

To identify media stories from TC that mentioned contingent COVID-19 science via preprint
research, we drew on a dataset from a previous study (Fleerackers et al., 2020). This dataset
includes online media mentions of 100 highly circulated COVID-19-related preprints that were
posted to the preprint servers bioRxiv and medRxiv during the first 4 months of the pandemic
(see Fleerackers et al., 2022b). The original dataset includes more than 450 online media stories
published by 15 online media outlets, from which we selected the 41 stories published by TC
(henceforth called ‘TC stories’, see the Supplemental material, Table 2 for a full list of titles and
links). Although one might analyse social media attention to stories by any of these 15 outlets to
explore second-order citations of preprint research, we focused on TC for a number of reasons
including: (a) our collective interest and funding support to identify new modes of audience engage-
ment that contribute to informed, knowledge-based journalism; (b) the uniqueness of TC’s research
amplifier publishing model (Osman and Cunningham, 2020), which allows TC stories to reach
audiences of multiple media outlets at once and thus expands the potential impact of its preprint
coverage; (c) the expertise of its contributors, who, unlike journalists at other outlets, are ideally
positioned to verify preprint findings and (d) the lack of transparency about the unreviewed
status of the preprints cited in TC stories (Fleerackers et al., 2022b), which expands the potential
for these unvetted findings to be taken out of context and, potentially, mislead users who encounter
them incidentally on social media.

Facebook data collection

Using the Facebook public insights tool CrowdTangle, on 26 January 2021 we collected posts that
shared the 41 TC story links on public Facebook spaces (i.e. public groups, public pages and public
verified profiles). Our sample consisted of Facebook posts mentioning or linking to TC stories
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reporting on preprint research posted before 30 April 2020. The final dataset contained 315 public
Facebook posts on 266 unique Facebook spaces, sharing 41 stories from TC including 55 unique
preprint studies (Table 1).

Twitter data collection

We collected tweets that included these TC story links using Twint, a Python-based Twitter scrap-
ing tool that does not rely on Twitter’s API (Zacharias and Poldi, 2018). On 6 March 2021, we used
Twint to collect tweets and retweets that linked to each of the 41 media stories, along with
associated metadata such as the number of likes, retweets and replies each tweet received.
This yielded a total of 1944 tweets sharing 40 TC stories including 55 unique preprint studies
(1 of the 41 stories had not been shared on Twitter at the time of data collection). As the analysis
took place after the initial data collection, we excluded tweets that had since been deleted (n= 7),
those that had been shared by accounts that had since been suspended or deleted (n= 92) or changed
from being publicly available to private (n= 16) at the time of analysis, and one tweet shared by an
account we identified as a bot.1 This left a final sample of 1828 tweets from 1325 unique accounts
(some accounts shared more than one tweet linking to a TC story; see Table 1 above).

Facebook and twitter account coding

Using content analyses, we categorised the accounts that were amplifying these media stories on
both Facebook and Twitter. As Facebook and Twitter have different logics and affordances, the
coding approach and coding instruments were tailored to each platform. Following best practices
for mass communication research (Lacy et al., 2015), coding for Facebook was performed by
one of the authors and a second, independent coder who was not involved in developing the code-
book (cf. Strekalova, 2015). The coders used a detailed coding instrument and coding tool to clas-
sify a random subsample of 60 Facebook spaces according to two categories (Fleerackers and
Riedlinger, 2022):

1. Facebook Public Space Type: whether the space was a public group, a public page, a public
verified profile or unknown (Stocking et al., 2020);

2. Facebook Public Actor Group: which actor group the space appeared to be associated with: pol-
itical actors, business/private corporations, healthcare, civil society organisations, media and com-
munications, academia or citizens (Gerhards and Schäfer, 2010; Segesten and Bossetta, 2017).

We applied a similar coding approach for Twitter using an adapted version of the codebook
(Fleerackers and Riedlinger, 2022). Again, two coders (one of the authors and the independent
coder) independently coded a random subsample of tweets (n= 200) according to the same two cat-
egories as Facebook, with minor differences (e.g. instead of categorising accounts as groups, pages

Table 1. Public Facebook posts and tweets sharing links to The Conversation’s preprint coverage.

Platform Posts/tweets

Unique spaces/

accounts Likes Other reactions Shares/Retweets

Comments/

Replies

Facebook 315 266 15,147 2274 8781 3411

Twitter 1828 1325 7990 n/a 3390 1374

Fleerackers et al. 5



and profiles, they were categorised as groups, individuals or unknown accounts). For both
Facebook and Twitter, coding was performed using the survey tool Cognito Forms

2

and exported
as Excel files for analysis.
Intercoder reliability. We calculated Krippendorff’s alpha reliability scores for Facebook and Twitter
coding using the standard statistical packages in R that run Krippendorf’s alpha with bootstrapping
(tidyverse, irr and kripp.boot). Given that this measure of intercoder reliability is conservative and
that the study is exploratory, we set the minimum acceptable level of reliability at .80 (Lacy et al.,
2015). We met or exceeded this level of reliability for all codes (Supplemental material Table 3).

After completing intercoder testing, the authors met with the independent coder to discuss dis-
crepancies, identify the sources of disagreements and refine the codebooks. The rest of the dataset
(n= 255 Facebook posts, n= 1628 tweets) was coded by the independent coder. Although this
coding was largely performed by one individual, this coder met regularly with the authors to
resolve difficult cases. These discrepancies were discussed until consensus was reached. All
descriptive analyses were conducted using Microsoft Excel, R and Tableau.

Results

Highly shared TC stories containing contingent COVID-19 science

Our analysis revealed that TC stories containing contingent COVID-19 research findings received
variable attention on Facebook and Twitter, with just a few stories receiving the bulk of engagement
and the rest circulating among fewer accounts (see Supplemental material, Figure 1 and Table 2). A
story titled ‘A small trial finds that hydroxychloroquine is not effective for treating coronavirus’
(Story #16 in Supplemental material) far outstripped other TC stories in terms of the size of the audi-
ences engaging with it on Facebook and Twitter. This high engagement may be, in part, due to the
controversy and hope surrounding the drug at the time of data collection. Former US President
Donald Trump had been actively promoting the use of hydroxychloroquine as a COVID-19 treat-
ment, despite a lack of evidence supporting the drug’s effectiveness (Qiu, 2020). Analyses of tweets
mentioning hydroxychloroquine during the early months of the pandemic indicate high levels of
polarisation and politicisation within the social media discourse (Marcon and Caulfield, 2021).

Other highly amplified stories were similarly controversial and/or had direct implications for
public wellbeing. For example, one of the most engaging Twitter stories (in terms of number of
likes, retweets and replies) was titled ‘Coronavirus drifts through the air in microscopic droplets –
here’s the science of infectious aerosols’ (Story #40). It described the airborne nature of the virus’
spread – a contested topic during the pandemic (Wilson et al., 2020) – and offered tips for reducing
chances of infection. Another story that was highly shared on both platforms, titled ‘5 reasons it’s safe
for kids to go back to school’ (Story #25), described evidence suggesting that children contracted
COVID-19 at lower rates than adults and rarely fell seriously ill. It was published just as Western
Australia planned to reopen schools following early closures (Laschon, 2020) – a time when
medical professionals were divided about the role of children in transmitting COVID-19 (Murray,
2020). It is also an example of TC’s popular ‘news you can use’ style content (Hermida et al.,
2022), which may help to explain the high volume of engagement it received.

A story titled, ‘Evidence obesity is a risk factor for serious illness with coronavirus is mounting,
even if you’re young’ (Story #28) received substantial numbers of Facebook likes and private
shares on Facebook, particularly through an infographic combining research findings from six
COVID-19-related studies with public health implications. On Twitter, a story titled, ‘Maybe cor-
onavirus’ aggressiveness could be changed by adding or subtracting sugar molecules from its spike
protein’ (Story #32) was not as widely shared as other TC stories but received substantial likes and
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retweets. Some of this engagement may be attributed to the timeliness and relevance of the story.
Published in May 2020 – just a few months after the start of the pandemic – the story may have
appealed to audiences hungry for potential solutions to mitigating the risks of COVID-19.
However, a closer look suggests that relevance and timeliness were not the only factors to consider.
In the story, a medical oncologist argued that ‘among other things, hydroxychloroquine can serve as
an oral hypoglycaemic agent, lowering blood sugar’, creating a tenuous link between the controver-
sial drug and the severity of the virus. Fox News host Laura Ingraham emphasised this link to hydro-
xychloroquine when she shared this story with her more than 4.2 million Twitter followers on 7
May 2020.

3

Likes, retweets and comments on this single tweet makes up the bulk of engagement
with the story.

Audiences amplifying TC stories containing contingent COVID-19 science

Next, we examined the nature of the accounts that amplified TC stories containing contingent
COVID-19 science. We found that more Facebook spaces and Twitter accounts outside of the offi-
cial TC accounts amplified these story links in original posts and tweets. Only 43 of the 315 posts
shared on Facebook were posted from official Facebook pages belonging to different country edi-
tions of The Conversation. Collectively, these pages received 10% of all reactions, 30% of com-
ments and 15% of private shares. On Twitter, official accounts for TC accounted for a smaller
proportion of the audiences sharing TC stories: just 2.93% of the tweets sharing TC stories were
tweeted by an official TC Twitter account. Collectively, these tweets received 2.16% of replies,
8.45% of retweets and 4.75% of total likes. The relatively high proportion of retweets may be attrib-
uted, in part, to the size and nature of TC’s followers. While we did not systematically collect fol-
lower data for Twitter, we note that several editions of TC had sizeable followings at the time of
writing, including TC Australia (>196,000), TC UK (>148,000 followers), TC US (>69,000 fol-
lowers), TC Africa (>35,000) and TC Canada (>28,000). Only one edition of TC – TC Global –
had <10,000 followers. Beyond size, follower motivations to inform others and amplify news infor-
mation (Baek et al., 2011; Boyd et al., 2010; Holton et al., 2014), may encourage them to retweet
links to media stories, such as those first tweeted by TC.

Facebook spaces and twitter account types. Examining these audiences in more detail, we noted dif-
ferences between Facebook and Twitter in terms of the role that types of accounts played in amp-
lifying these TC stories. On Facebook, individual users typically shared TC stories on Facebook
through groups, accounting for almost half of all spaces in the dataset (n= 148, 46.98%). The
next most common public space type were pages (n= 137, 43.49%), followed by verified profiles
(n= 18, 5.71%). These proportions remained relatively stable when considering unique Facebook
spaces only (i.e. removing spaces that had shared multiple posts linking to TC stories).

About half of the accounts that shared TC stories on Twitter belonged to individuals (n= 918,
50.22% of all accounts), rather than groups (n= 228, 12.47%). A large proportion (n= 682,
37.31%) could not be categorised as any account type; these unknown accounts typically included
little information in their Twitter bios and used pseudonyms for usernames. They often did not
include a profile picture or relied on a generic image. Again, considering unique Twitter accounts,
rather than accounts associated with individual posts, did not meaningfully change these
proportions.

Actor groups. To better understand who was sharing the TC stories beyond online academic, media
or healthcare communities, we identified the actor groups that Facebook spaces and Twitter
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accounts affiliated themselves with in their descriptions. We found that citizens and citizen groups
(i.e. accounts not associated with any professional actor or organisation category) made up more
than half of the Facebook accounts posting TC links on Facebook (n= 174; see Figure 1). On
Facebook, these citizen accounts were typically posting to groups (rather than pages or verified pro-
files) and were often geolocated with others (such as in neighbourhood community groups) or
engaged with particular issues (such as parent groups or local community groups sharing
COVID-19 health information). The next most active Facebook actor groups were Media and
Communication (n= 61, 19.37% of all spaces) and Academia (n= 27, 8.57%). Civil Society
Organisation, pPolitical aActor, Healthcare and Business/Private Corporation were less common,
each comprising about 5% or less of all spaces where TC stories were shared. An additional 12
spaces (3.81%) did not provide enough information to be categorised. A similar pattern appeared
when considering unique spaces only.

It was more difficult to identify the actor groups of Twitter accounts, as many did not provide
enough information and were thus coded as ‘Unknown’ (n= 573, 31.35% of accounts, see
Figure 1). Citizen was the next most common actor group (n= 485, 26.53%), followed by
Media and Communication (n= 394, 21.55%), Academia (n= 142, 7.78%) and Business and
Private Corporation (n= 142, 7.78%). Accounts identified as Healthcare, Political Actor or Civil
Society Organisation were not well represented (each ≤ ∼3% of dataset). Proportions remained
relatively stable when examining only unique accounts.

Figure 1. Account types and actor groups sharing The Conversation (TC) stories on Facebook and Twitter.

8 Media International Australia 0(0)



Engagement with TC stories containing contingent COVID-19 science

To better understand how social media actors were amplifying TC stories about COVID-19 pre-
prints, we examined engagement metrics (likes, other reactions, retweets/shares, replies/comments)
associated with posts shared by different types of accounts on Facebook and Twitter. While there
were similarities across Twitter and Facebook, engagement patterns differed by actor group and
platform.

Engagement by account type. On Facebook, posts sharing TC stories on pages far outstripped posts
shared in other types of spaces in terms of engagement (see Figure 2), although engagement metrics
were highly skewed (see Figure 3 and Supplemental material Table 1). Given this skew, we report
both mean and median statistics in this section. Medians are commonly used to describe trends
when the distribution of data is not symmetrical. Medians are less affected by outliers and
skewed data and can sometimes reveal patterns not visible when examining means alone. For
example, posts shared to a page received an average of 98.58 likes, 187.64 reactions, 57.15
shares and 17 comments, but median engagement statistics were far lower (likes= 6, reactions=
4, shares= 3, comments= 0). Posts from three Facebook pages attracted 70% of the total likes
and 37% of other reactions, likely because of their high follower counts. These accounts were
The Christian Left (political group), KataKita (citizen advocacy group promoting tolerance and
anti-Muslim extremism) and Hashem Al-Chali (public science communicator with over 30
million followers on Facebook).

Although individual Facebook citizen users shared more links to TC stories in groups than in
pages and verified profiles, those posts generated far less engagement (in terms of both median
and mean across all metrics).

4

We also saw different levels of engagement across account types on Twitter, although, again,
data were highly skewed, with a few tweets generating extremely high engagement (see
Figure 4 and Supplemental material Table 5).

When examining average engagement metrics, tweets shared by individual accounts received
the most likes, retweets and shares; however, median counts suggested that tweets by group
accounts tended to receive more engagement. Again, it is possible that follower counts played a
role in these differences. About a third of the group accounts were associated with Media and
Communication organizations (see Figure 1), which tend to have relatively large followings and
share content (i.e. links to media stories) that is likely to be retweeted. Thus, TC stories shared
by these accounts can be expected to receive at least moderate engagement, on average. In contrast,
follower counts of individual users may be more variable, with only a few accounts gaining large
followings and high visibility. A manual examination of the most and least engaging tweets in our
dataset provides some support for this assumption. Many high engagement tweets were shared by
influential individuals including celebrities (e.g. Kristen Johnston, >323,000 followers), media
personalities (e.g. Laura Ingraham, >4,200,000; Rob Crilly, >33,000), science communicators

Figure 2. Follower number by Facebook Space Type.
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(e.g. Hashem Al-Ghaili, >16,000; Shelly Miller, >19,000; Timothy Caulfield, >79,000 followers);
and high-profile business professionals (e.g. Guy Kawasaki, >1,400,000), as well as by ordinary
citizens with large Twitter followings. In contrast, tweets that received very little engagement
were often shared by individual accounts with fewer than 1000 followers, with some having
<15. While a small proportion of individuals sharing TC stories could be considered influential
crowdsourced elites, the long tail nature of the engagement data suggests that these elites were few.

Again, the high engagement with individual accounts can be at least partially explained by two
tweets

5

,
6

authored by influential Fox News host Laura Ingraham, which collectively generated more
than 3000 likes, 1000 retweets and 400 comments (see Figure 5). The most engaging tweet included
a link to a TC story titled ‘Maybe coronavirus’s aggressiveness could be changed by adding or sub-
tracting sugar molecules from its spike protein’, along with a quote from the story that had been
carefully framed to suggest that hydroxychloroquine could help ease the effects of COVID-19.

Although tweets from unknown accounts dominated the Twitter dataset, these tweets tended to
generate fewer likes and retweets, on average, than those shared by individuals and groups. We note
that this amplification pattern is characteristic of so-called spam accounts – which ‘may garner

Figure 3. Engagement by Facebook Space Type.
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many shares because they produce an abundant amount of low-quality posts that each happen to get
a little amplification’ (Gallagher et al., 2021) – or what has been described as ‘coordinated inauthen-
tic behaviour’ (Keller et al., 2020). Indeed, many of these accounts had abnormal and non-human
usernames suggesting inauthentic accounts (Inuwa-Dutse et al., 2018). Tweets from these unknown
accounts received slightly more replies than tweets from groups, but we did not systematically
examine the nature of these replies. It is possible that the relatively high volume is a sign of
other accounts refuting, rather than endorsing, these ‘low-quality’ posts.

Engagement differences among actor groups. Finally, we examined different engagement patterns
received by different actor groups on Facebook and Twitter. Like engagement patterns for
account types, we found wide variation between actor groups. On Facebook, political spaces con-
tributed 4.44% of the total number of posts; yet these posts received substantially more engagement
than those made to spaces of other actor groups (see Figure 6 and Supplemental material Table 6).
The average post shared in a political space generated more than 120 likes, 300 reactions, was
shared more than 130 times and received more than 25 comments. In contrast, although Citizen

Figure 4. Engagement by Twitter Account Type.
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spaces shared the greatest number of posts to TC stories, they received far less engagement, with the
average Citizen post generating just over 60 likes, more than 100 reactions, over 25 shares and just
under 10 comments.

The Facebook data followed a long-tail pattern of engagement, with a minority of spaces within
each actor group receiving the bulk of the engagement, and a far larger group receiving very little.
When examining median, rather than average, engagement metrics, patterns of engagement look
very different. For example, while posts shared to political spaces still receive relatively high
engagement, they lag behind academic spaces and media and communication spaces in terms of
median likes, reactions and shares. At the median level, no actor group appears to receive many
comments.

Twitter actor groups also differed in average engagement their tweets received (see Figure 7 and
Supplemental material Table 7), with tweets by some groups generating disproportionately high
levels of engagement. Although tweets by Media and Communication accounts made up only
31.35% of the dataset, those tweets generated far more engagement than those by other actor
groups. Tweets from academic accounts received similarly high engagement. Again, however,
data were highly skewed, with a few highly powerful actors within each group receiving the
bulk of the likes, retweets and replies. While average numbers of likes, retweets and replies differed
wildly across actor groups, when it comes to median levels of engagement, differences between
actor groups all but disappeared. Indeed, if median values can be considered more reflective of
the norm, then a ‘typical’ tweet from any of the nine actor groups tended to receive almost no
engagement.

Discussion

This study examined the nature of the social media accounts that amplified media coverage of emer-
ging COVID-19 research through an analysis of ‘second-order citations’ to preprints. We found that
TC stories covering COVID-19-related preprints circulated within a diverse collection of Facebook

Figure 5. The two most engaging tweets sharing The Conversation (TC) stories, both by Fox News host

Laura Ingraham.
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and Twitter accounts, associated with media organisations, political groups, business professionals,
citizens, academics and more. This diversity of account types amplifying links to TC’s coverage of
COVID-19 preprints could be seen as both a benefit and a risk. On the one hand, such early access
to research may have brokered evidence-based knowledge that could have helped digital commu-
nities better protect themselves against the deadly virus. On the other hand, platforms such as
Twitter and Facebook can encourage the amplification of shallow or misleading content and dis-
courage more nuanced communication about scientific uncertainty (Dunwoody, 2020; Smith
et al., 2020; Vosoughi et al., 2018). Indeed, preprints themselves are not inherently problematic
for communicating research; however, they may become so if findings are communicated
without altering readers to their contingent nature, particularly if those findings eventually fail to
hold up to the scrutiny of peer review.

While TC’s primary audience of university-educated readers may recognise the results of pre-
print research as potentially subject to change, and understand the processes of scientific review,
others engaging with those stories through social media may not (Wingen et al., 2022). Indeed,
given that few of the TC stories in this study included statements about the unreviewed nature of

Figure 6. Engagement by Facebook actor group.
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the preprints they cited (Fleerackers et al., 2022b), most people and organisations sharing links to
these stories were likely unaware that they were amplifying preprint research. While many
COVID-19 preprints do not appear to change their conclusions dramatically between initial
posting and publication in a peer reviewed journal, a sizable proportion undergoes major
changes (Brierley et al., 2022). To avoid misleading audiences, media outlets brokering knowledge
based on preprints need to consider how the results they report could change in future and frame
their stories accordingly (Khan, 2021). Such framing may be particularly important when it
comes to the headlines, feature images and excerpts that automatically accompany hyperlinks to
media stories when they are shared on social media. Given that many of those hyperlinks are
never clicked (Gabielkov et al., 2016), these components may be the only parts of the story that
some social media users ever see.

More broadly, our findings support recent research suggesting that social media accounts that
share links to media stories about research may better represent society at large than accounts
that share links to the research itself (Lemke et al., 2021). The Facebook and Twitter accounts
sharing TC stories in this study represented a wide range of organisational actor groups; in

Figure 7. Engagement by Twitter actor group.
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comparison, social media accounts engaging with links to research articles tend to include a high
proportion of academic insiders, such as professors, students, post-doctoral researchers or publish-
ers (Carlson and Harris, 2020; Toupin and Haustein, 2018). While more research is needed to
understand the factors that enabled TC stories to reach a broad social media audience, it is possible
that TC’s innovative publishing model and knowledge mobilisation mission (Hermida and Young,
2019) played a role.

TC has previously been termed an ‘amplifier’ platform (Osman and Cunningham, 2020) because
it allows other media outlets to republish stories free of charge. Yet, our findings – alongside those
of other scholars (Guenther and Joubert, 2021) – suggest that TC can also enable a second layer of
amplification to research on social media, particularly in the context of an emerging public health
crisis such as COVID-19. Understanding such social media amplification of news in the global
‘social news media network’ (Bruns, 2018) is important, as social media users encounter news inci-
dentally, rather than intentionally, in the form of hyperlinks to media stories shared by friends and
followers (Kligler-Vilenchik et al., 2020).

Finally, scholars have argued that social media platforms ‘profoundly call into question the
often-assumed power relationship between science and the public’ (Brossard, 2013: 14096) and
enable citizens themselves to become ‘primary drivers of news dissemination and discussion’
(Bruns, 2018: 11). While we did find evidence of such grassroots citizen engagement with the
science-based media stories in our dataset, our results also suggest that the power structures seen
in other forms of journalism and science communication can persist on social media. Although
the accounts that engaged with TC stories represented diverse stakeholder groups, these groups
were not equally influential in shaping the social media discourse. Social media posts by a small
proportion of ‘elite’ actors – such as those working in media and communication, politics or aca-
demia – were shared more often and received more reactions and likes than those shared by ordin-
ary citizens or citizen groups. This finding aligns with research by Gallagher et al. (2021), who
similarly identified media and communication actors, political actors and, to a lesser extent, scien-
tists as powerful crowdsourced elites within Twitter conversations about COVID-19. More research
is needed to understand whether social media discourses about issues other than COVID-19 are
similarly dominated by a powerful few. As it stands, it is unclear whether the long-tail pattern of
engagement found in our study is an artefact of the pandemic context – in which many high-profile
actors took to social media to share news about COVID-19 – or whether our results reflect wider
trends in social media engagement with health and science issues.

Limitations

Findings from this study should be understood alongside several limitations. Our sample of
media stories was limited to 41 stories, all of which were published by a single outlet over a
period of a few months. This restricted sample allowed us to provide a more detailed view
of the social media engagement patterns surrounding these stories at a specific moment in
time but does not allow for generalisations about the nature of the social media audiences of
all TC stories. We were also unable to determine the extent to which this emerging
COVID-19 research was shared in private Facebook profiles, pages, groups or messages, as
CrowdTangle does not provide access to this data. In addition, we focused on the social
media sharing of TC story links themselves; it is possible, given the greater brand reach and
recognition of some TC story republishers, that the republished TC stories would have been
shared much more widely on Facebook or Twitter than the original TC article itself. Future
research might usefully examine the extent to which the public Facebook spaces and Twitter
accounts that shared the 41 media stories in this study differ from accounts where users
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engage with other second-order citations of research: for example, stories focused on other
science-related issues, based on peer-reviewed research rather than preprints or shared in dif-
ferent languages or sociocultural contexts.

Finally, we did not examine the follower networks of the accounts that shared TC stories about
COVID-19 preprints; however, it is possible that at least some of these followers included indivi-
duals who do not regularly seek out science news. This is particularly likely given that many of the
accounts whose posts received the most user engagement – so-called networked elites – were also
traditional elites: journalists, media organisations and political actors with large public platforms.
Future research might usefully build on our work and further examine the degree to which social
media amplification of TC stories can help facilitate such broad, ‘incidental’ exposure to academic
research – particularly beyond the pandemic context.

Conclusion

While social media platforms may offer the potential to destabilise long-standing communication
hierarchies, our findings suggest that the reality may not always look quite so democratic.
Although citizens can contribute to the wider amplification of emerging science on social media,
traditional elites – often with a large number of subscribers or followers – continue to play an
important role. Future research is needed to understand how other social media platforms, such
as TikTok or Instagram, help shape the multi-step flows of emerging science into the wider,
digital public sphere. Such knowledge is sorely needed, as the growth of preprint research and aca-
demic explanatory journalism has made it possible for individual researchers to decide when new
findings are ready for dissemination – with unknown risks and benefits for the publics who engage
with the research.
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(Ferrara, 2020; see Rodríguez-Ruiz et al., 2020; Shevtsov et al., 2020). That is, we coded accounts accord-
ing to how they presented themselves to other Twitter users rather than attempting to uncover the hidden
identities behind them.

2 https://www.cognitoforms.com/
3 Follower counts for Twitter accounts were manually identified on 1 July 2022, and may thus over or under-

estimate the true number of followers associated with those accounts at the time of the original tweets.
4 These numbers provide an approximation of the relative influence of these different spaces and accounts;

however, CrowdTangle captures the number of followers for accounts at the time of data gathering,
which may vary from the number of followers at the time of the original posts; and not all followers will
have seen each post from a given space or account.

5 https://twitter.com/IngrahamAngle/status/1258414545439264771
6 https://twitter.com/IngrahamAngle/status/1254018529680031745
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