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Abstract 

In this article, we investigate the surge in use of COVID-19-related preprints by media outlets. 

Journalists are a main source of reliable public health information during crises and, until 

recently, journalists have been reluctant to cover preprints because of the associated scientific 

uncertainty. Yet, uploads of COVID-19 preprints and their uptake by online media have 

outstripped that of preprints about any other topic. Using an innovative approach combining 

altmetrics methods with content analysis, we identified a diversity of outlets covering COVID-

19-related preprints during the early months of the pandemic, including specialist medical news 

outlets, traditional news media outlets, and aggregators. We found a ubiquity of hyperlinks as 

citations and a multiplicity of framing devices for highlighting the scientific uncertainty 

associated with COVID-19 preprints. These devices were rarely used consistently (e.g., 

mentioning that the study was a preprint, unreviewed, preliminary, and/or in need of 

verification). About half of the stories we analyzed contained framing devices emphasizing 

uncertainty. Outlets in our sample were much less likely to identify the research they mentioned 

as preprint research, compared to identifying it as simply “research.” This work has significant 

implications for public health communication within the changing media landscape. While 

current best practices in public health risk communication promote identifying and promoting 

trustworthy sources of information, the uptake of preprint research by online media presents new 

challenges. At the same time, it provides new opportunities for fostering greater awareness of the 

scientific uncertainty associated with health research findings. 

 

 

Keywords: uncertainty, digital communication, hyperlinks, framing, public health, preprints  
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Communicating Scientific Uncertainty in an Age of COVID-19: An Investigation  

into the Use of Preprints by Digital Media Outlets 

The public expectation and need for credible health information in the midst of the 

COVID-19 pandemic have put a renewed focus on science and its internal processes, while 

simultaneously challenging traditional journalistic sourcing practices in the absence of relevant 

peer-reviewed research. As researchers respond by publishing research as so-called preprints, 

journalistic reporting on research that has yet to be peer reviewed is filling this gap and driving 

public discourse (Majumder & Mandl, 2020). While this surge in preprint media coverage could 

benefit publics by connecting them with timely and relevant public health information, it could 

prove problematic if the uncertainties associated with the research are not made transparent. In 

this study, we address this tension by analyzing the framing devices used by digital media outlets 

to emphasize the scientific uncertainty of COVID-19-related preprints in the early stages of the 

pandemic.   

 

Literature Review 

Preprints and scientific uncertainty 

Preprints are generally recognized by the scientific community as unvalidated and 

uncertain science, and journalists have been reluctant to report on them (AP, 2020; Haelle, 2020; 

Kille, 2015). Yet, this reluctance eased during the early months of the COVID-19 crisis, with 

online media coverage of COVID-19-related preprints outstripping that of preprints about any 

other topic (Fraser, Brierley, Dey, Polka, Pálfy, & Alexis, 2020). While timely reporting of this 

emerging research is important for information-seeking publics, it can also mislead if findings 

are reported too early, without validation from the research community (Kharasch, 2020). While 

the potential for results to be invalidated through subsequent studies is an inherent aspect of 

science (see Schneider, 2016), this ever-present “scientific uncertainty” (Gustafson & Rice, 

2019) may be further amplified in the case of preprints. Without peer review, results that are not 

supported by a wider scientific community can spread; indeed, a widely circulated COVID-19 

preprint linking the SARS-CoV-2 spike protein to HIV-1 glycoproteins was later withdrawn by 

the authors because of criticism from other scientists about methodological flaws and faulty 

interpretation of results (Fraser, Brierley, Dey, Polka, Pálfy, & Alexis, 2020).  

The scientific uncertainty inherent in COVID-19 preprints presents challenges when 

communicating research findings. Journalists may ignore uncertainty when sharing research 

findings, particularly when dealing with risk communication (Peters & Dunwoody, 2016). Media 

have historically been found to gloss over unknowns and uncertainties when covering health 

issues (Dan & Raupp, 2018; Hove, Paek, Yun, & Jwa, 2015; Jung Oh, Hove, Paek, Lee, Lee, & 

Kyu Song, 2012), perhaps to reduce the risk of alienating audiences with limited understanding 

of scientific work (Schneider, 2016; Stroobant & Raeymaeckers, 2019). Yet, communicating 

scientific uncertainty can be beneficial. For example, Jensen (2008) found that college students 

viewed both journalists and scientists as more trustworthy “when news coverage of cancer 
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research was hedged (e.g., study limitations were reported)” and “when the hedging was 

attributed to the scientists responsible for the research” (p. 347). 

Importantly, the choice to highlight scientific uncertainty varies by topic; media coverage 

of controversial research areas may exaggerate scientific uncertainties and disputes to appear 

“balanced” (Clarke & Dixon, 2012; Corbett & Durfee, 2004; Zehr, 1999); to add conflict to 

stories (e.g., Schneider, 2010); or to involve researchers debating scientific uncertainties among 

themselves (Dunwoody, 1999). Journalists are also guided by audience expectations and 

influenced by the practices of their colleagues, editors, and competitors when reporting scientific 

uncertainty (Guenther, Froehlich, & Ruhrmann, 2015; Guenther & Ruhrmann, 2016). Media 

outlets’ portrayal of uncertainty becomes all the more important in times of crisis, when 

individuals look to them for timely guidance (Austin, Fisher, Liu, & Jin., 2012). Best practices in 

public health risk communication are grounded in core communication values associated with 

fostering public understanding of risks (Sellnow, Ulmer, Seeger, & Littlefield, 2009), which 

include transparency and credibility (Covello, McCallum, & Pavlova, 1989). To help publics 

navigate the risks associated with health crises like COVID-19, communicators should strive to 

be honest, frank, and open—clearly addressing unknowns and uncertainties—and coordinating 

and collaborating with trustworthy sources (Covello & Allen, 1988). 

 

Framing uncertainty through hyperlinks  

Definitions and theoretical perspectives of framing vary widely (Entman, 1993; 

Scheufele, 1999; Scheufele & Scheufele, 2010); however, analyzing emphasis frames (Chong & 

Druckman, 2007), which “select some aspects of a perceived reality and make them more 

salient” (Entman, 1993, p. 52), can be useful for understanding what journalistic content 

communicates (e.g., Guenther Bischoff, Löwe, Marzinkowski, & Voigt, 2019; Semetko & 

Valkenburg, 2000). However, a review of the literature by Guenther, Gaertner, & Zeitz (2020) 

points to the paucity of emphasis framing studies in health communication that use content 

analyses to investigate media reporting. We aim to help fill this gap with a timely study 

investigating the framing devices that emphasize the (un)certainty of preprint research in digital 

media stories.  

According to Coddington (2012), textual references associated with hyperlinks are 

particularly important for framing researchers to investigate because the language associated 

with hyperlinks “work together to frame the content and context of the hyperlink” (p. 2018). Yet, 

hyperlinks do more than frame. Online health media stories often use them to cite authoritative 

sources, such as academic research sites or government resources (Karlsson & Sjøvaag, 2018; 

Stroobant & Raeymaeckers, 2019). In theory, these “hyperlinks as citations” (Karlsson & 

Sjøvaag, 2018; p. 1) act as credibility markers (Coddington, 2012; Luzón, 2009; Stroobant & 

Raeymaeckers, 2019), influencing how audiences perceive and trust media messages (Borah, 

2014). However, hyperlinks as citations do not always fulfill this role in online health stories. In 

a study of opioid-related research media coverage in the US and Canada, Matthias and 

colleagues (2020) found that journalists incorporate research into their published work via 
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hyperlinks to peer reviewed articles, but provide little context or information to help readers 

evaluate the validity of these studies and the certainty of claims. Importantly, this tendency 

seems to be more common in media stories that report on research in the context of some larger 

issue than in stories that focus on the research itself (Matthias, Fleerackers, & Alperin, 2020).  

 

Scientific uncertainty in a changing media landscape  

Researchers have found that the way media stories represent scientific (un)certainty 

depends on the reporting context (Peters & Dunwoody, 2016). According to others, these 

contextual differences may only amplify as the media landscape diversifies, and as blogs, 

aggregators, and other “digital-native” media outlets join traditional journalistic news sources 

(Barthel, 2019; Berkowitz, 2009; Bruns, 2018; Hermida, 2019; Stocking, 2019). For example, 

Hurley and Tewksbury (2012) found that focused providers (e.g., New York Times, MSNBC) 

differed from news aggregators both in terms of the frames they used and the degree of 

(un)certainty they incorporated into their coverage. Similarly, an analysis comparing an 

“independent” and a “mainstream” media outlet in New Zealand found notable differences in the 

frames the outlets used when communicating about the relationship between climate change and 

health, with the mainstream outlet favoring negative and sensationalist framing (Harrison, 

Macmillan, & Rudd, 2020). 

Despite the growing popularity of digital-native news outlets (Stocking, 2019), digital 

news startups (Carlson & Usher, 2016), and native in-platform publishing (Bruns, 2018), these 

content providers have been largely overlooked in media scholarship (Hurley & Tewksbury, 

2012; Lee & Chyi, 2015). When they have been studied, they have often been conceptualized as 

“periphery” to “core” legacy outlets—amassed into catch-all categories like “hybrid” journalism 

or dismissed as low-quality—rather than examined as integral, interconnected components of a 

diverse, ever-changing media ecosystem (Bakker, 2012; Deuze & Witschge, 2018; Witschge, 

Anderson, Domingo, & Hermida, 2019). As the boundaries between newsmakers, reporters, 

consumers, and distributors blur, drawing distinctions between content providers and curators 

has become more difficult—and, arguably—less valid (Berkowitz, 2009; Hermida, 2019; Jenkins 

& Deuze, 2008). For example, while so-called “periphery” outlets may rely more heavily on 

nontraditional practices such as republishing stories produced by other outlets or relying on 

publicity materials for content, these practices have increasingly been adopted by “core” outlets 

as well (Bakker, 2012). Similarly, while news bloggers and aggregators can be viewed as 

“parasitic” competitors to mainstream news outlets, they can also complement their work by 

amplifying their stories and increasing their web traffic (Bruns, 2018; Lee & Chyi, 2015). 

Additionally, these publishers often mimic the norms and values of professional journalism. As 

Coddington (2019) argues, an “amalgam of standards and practices shapes aggregation as a 

hybrid practice that is built on professional journalism yet marginal within it” (p. 1). 

In response to these ongoing transformations to the media landscape, researchers have 

called for “scholarship to address the dance between stability and change, to capture the diversity 

in the field” (Witschge, Anderson, Domingo, & Hermida, 2019, p. 655). This article responds to 
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that call by exploring how a diversity of online media outlets represent—or frame—scientific 

(un)certainty in preprints about COVID-19. We answer three interconnected research questions:   

RQ1. What content producers and curators (outlets) in the media ecosystem are 

communicating about COVID-19-related preprints?   

RQ2. How are outlets using hyperlinking practices when communicating about COVID-

19-related preprints? 

RQ3. How are outlets using framing devices that emphasize uncertainty when 

communicating about COVID-19-related preprints? 

 

Method 

Sample selection and collection 

To understand how preprints on topics related to COVID-19 were reported in online 

media, we focused our analysis on preprints posted on medRxiv and bioRxiv—the two top-

ranked preprint servers for publishing studies related to COVID-19 (Kwon, 2020). These two 

servers noted a rapid uptake of COVID-19-related submissions in the early months of 2020 

(Fraser, Brierley, Dey, Polka, Pálfy, & Alexis, 2020) and are among the most widely used 

preprint servers for biomedical research (Polka & Penfold, 2020). We relied on the dataset from 

Fraser and colleagues (2020) that includes all the submissions published in both of these servers 

between January 1 and April 30, 2020 that were available through the bioRxiv Application 

Programming Interface (API1) on May 1, 2020. From the original set of 14,812 preprints, we 

used the 2,527 (17.06%) preprints that Fraser and colleagues (2020) identified as COVID-19-

related through the presence of relevant terms in the preprints’ title or abstract.  

On June 1, 2020, we searched for these 2,527 COVID-19-related preprints in the 

Altmetric database by querying the Altmetric Explorer2 with their Digital Object Identifiers 

(DOIs). Altmetric tracks online activity of research, including references or “mentions” in media 

stories, by identifying links to publications (i.e., a hyperlink or a publication identifier, such as a 

DOI) and by regularly scanning the text of thousands of media stories and using natural language 

processing techniques to identify study details such as author names, journal titles, and study 

timeframes (Altmetric.com, 2018). This search yielded 14,717 total media mentions across 801 

(31.7%) of the 2,527 COVID-19-related preprints. We noted that some outlets published 

multiple stories mentioning the same preprint. To avoid double counting and to understand how 

outlets first introduced these preprints to their readers, we kept only the first mention of each 

preprint by each outlet. This restricted the set to 10,572 mentions across the same 801 preprints. 

We further limited our study to the 8,270 mentions with titles identified as being in English via 

the langdetect3 Python library.  

To identify which outlets in the media ecosystem were most actively communicating 

about COVID-19-related preprints, we restricted our sample to the 15 media outlets most 

 
1
 https://api.biorxiv.org 

2
 https://www.altmetric.com/explorer/ 

3
 https://pypi.org/project/langdetect/ 
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prevalent in this subset of English-language mentions (after eliminating two sources: 1) 

Infosurhoy because all URLs Altmetric had collected for this source were invalid, and 2) Google 

News because URLs attributed to this source redirected to stories posted on other media outlets). 

Importantly, Altmetric applies a broad conception of media outlets—one that does not filter by 

history, audience size, or influence. As such, the 15 outlets we analyzed were not necessarily 

those with the greatest readership or level of public recognition, but rather the outlets 

incorporating the greatest number of COVID-19-related preprints into their coverage during the 

study time period.  

After the restrictions listed above, these 15 outlets accounted for 1,117 mentions. To 

focus our analysis on preprints that were circulated widely, we further restricted our sample to 

those mentions that were about the 100 most mentioned preprints in the original dataset.4 This 

final dataset comprised 590 mentions in 457 stories across the 15 outlets (a media story can 

contain multiple mentions of different preprints; see Figure 1, below). We removed 69 mentions 

because of broken story URLs or because the stated preprint was not actually mentioned in the 

story. The remaining 521 mentions were quantitatively analyzed.  

 

Figure 1. Conceptualization and sample size of preprints, mentions, and stories. In this study, we 

define “stories” as media articles that implicitly or explicitly refer to one or more COVID-19-

related preprints and “mentions” as those parts of the story that relate to the preprint in 

question. 

 

 
4 Like media coverage of other scholarly research, mentions of COVID-19 preprints follow a skewed distribution, 

with a small number of highly influential preprints receiving the bulk of the coverage, and a long tail of other 

preprints that received only one or two mentions during the study period.  
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Codebook development  

Following Evensen and Clarke (2012), our codebook was developed deductively, 

drawing on both relevant scholarly literature and professional guidelines. We adapted codes from 

previous studies examining (un)certain or initial scientific evidence in media stories (Dumas-

Mallet, Smith, Boraud, & Gonon, 2018; Matthias, Fleerackers, & Alperin, 2020) and informed 

by relevant work on media framing of scientific (un)certainty (Dan & Raupp, 2018; Gustafson & 

Rice, 2019; Jung Oh, Hove, Paek, Lee, Lee, & Kyu Song, 2012; Nisbet, Brossard, & Kroepsch, 

2003). We referenced professional journalism resources (e.g., tip sheets, blog posts, stylebooks) 

describing best practices for reporting on COVID-19 preprints to complement the scholarly 

literature (AP, 2020; Helmuth, 2020; Jaklevic, 2020; Khamsi, 2020; Ordway, 2020).  

Coding was binary (cf. Hart & Feldman, 2014), with variables of interest broken down 

into multiple questions to be coded as either 0 = no/false or 1 = yes/true (cf. Semetko & 

Valkenburg, 2000). Although the codebook emphasized manifest content, it allowed for implicit 

or latent interpretations (Evensen & Clarke, 2012), as frames may be interpreted somewhat 

differently by different individuals (Entman, 1993; Gamson & Modigliani, 1989; Price & 

Tewksbury, 1997). Coding assessed both the story overall (e.g., “Is this story a published press 

release?”) as well as the specific mention of the preprint in question (e.g., “Does the story 

mention that the study is a preprint?”). Given that transparency is key for valid, reliable framing 

content analysis (Matthes & Kohring, 2008), the complete codebook is available in the 

supplementary materials. Brief definitions and examples of codes are available in Table 1, 

below.  

 

Table 1. Overview of codes.  

Code Description  Examples 

science 

communication 

story 

The primary focus of the story is to 

communicate the results and/or 

implications of the preprint.  

Study of twins reveals genetic effect on 

COVID-19 symptoms [headline] 

 

New MIT machine learning model shows 

relaxing quarantine rules will spike COVID-

19 cases [headline] 

reposted story  The story was first published by 

another source.  

This article by Joseph Eisenberg Professor 

and Chair of Epidemiology at the University 

of Michigan, first appeared in The 

Conversation on February 5, 2020. 

[attribution line] 

This story is auto-aggregated by a computer 

program and has not been created or edited by 

Dailyhunt. Publisher: News Karnataka 

[disclaimer] 
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Code Description  Examples 

press release The story is a published press 

release.   

Provided by Leiden University [attribution 

line] 

 

SALINAS, CA – Congressman Jimmy 

Panetta (D-Carmel Valley) joined 63 

Representatives in calling on Administration 

officials for improved testing... [opening line] 

defines preprint The story defines preprints in some 

way. 

...in one preprint study, meaning it is currently 

under peer review… 

 

Pre-prints are a way of getting research out 

quickly to get rapid responses, without 

waiting for peer-review, but they have some 

really important limitations. 

mentions 

“preprint” 

The story mentions that the study is 

a preprint.  

Two new preprints about the likely prevalence 

of the novel coronavirus… 

 

Another preprint study of outbreaks in Japan 

suggests… 

mentions work 

is unreviewed  

The story explains that the study 

has not been peer reviewed.  

Their results, published Friday in a study that 

has yet to be peer-reviewed… 

 

However, a recent study under review 

shows… 

mentions work 

is preliminary 

The story suggests that the study is 

preliminary.  

On 20 February the researchers posted a 

preliminary version of the study… 

 

The research is still early.  

mentions 

verification is 

needed 

The story suggests that the study 

results are inconclusive (i.e., should 

be replicated or verified).   

… clearly further scientific research is 

required to substantiate these claims. 

 

The researchers called for the “immediate 

validation” of the results.  

indicates 

mention is 

research 

The story refers to the preprint as 

scientific research.   

A new study suggests… 

 

A startling paper by a team of French 

scientists… 
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Code Description  Examples 

includes a 

hyperlink to 

preprint 

The story contains a hyperlink to 

the study it cites.  

A small study, done in macaque monkeys, 

shows… [underline = hyperlink] 

 

A separate multi-center comparative clinical 

trial in China indicated… 

link does not 

indicate it is 

research/ 

preprint 

The story hyperlinks to the study, 

but does not make it clear that it is a 

research study or a preprint.  

Brazil has many advantages over its neighbors 

for an effective pandemic response: universal 

health coverage, a large community-based 

primary care delivery system… 

 

The infection risk is especially high among 

household contacts.  

 

Intercoder reliability  

Following best practices for mass communication research (Lacy, Watson, Riffe & 

Lovejoy, 2015), coding was performed by one researcher (AF) and a second, independent coder 

who was not involved in developing the codebook (cf. Strekalova, 2015). The lead author tested 

the codebook by coding 69 representative stories that were not part of the main coding (i.e., they 

mentioned COVID-19-related medRxiv and bioRxiv preprints in the top-15 outlets, but 

mentioned preprints not among the top 100 used in our final sample) and refined the codebook as 

needed (Lombard, Snyder-Duch, & Bracken, 2002). A second coder was provided with the 

codebook and a demonstration of the method. The second coder then independently coded the 

same 69 stories. All coding was performed using Excel (cf. Evensen & Clarke, 2012). 

Krippendorff’s alpha reliability scores were calculated using Python’s krippendorff library.5 

Given that this measure of intercoder reliability is conservative and that the study is exploratory, 

we set the minimum acceptable level of reliability at .70 (Lacy, Watson, Riffe, & Lovejoy, 2015; 

Lombard, Snyder-Duch, & Bracken, 2002). This level was met or exceeded for all codes, as 

shown in Table 2 (below).    

 

  

 
5
 https://pypi.org/project/krippendorff/ 
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Table 2. Intercoder reliability scores. 

Code Krippendorff’s alpha 

science communication story .97 

reposted story .97 

press release 1.00 

defines preprint .76 

mentions “preprint” .81 

mentions work is unreviewed  .96 

mentions work is preliminary .88 

mentions verification is needed .91 

indicates mention is research .92 

includes a hyperlink to preprint  .75 

link does not indicate it is 

research/preprint 

.75 

 

After intercoder testing, both coders met to discuss discrepancies, particularly regarding 

the codes with lower levels of agreement: defines preprint, includes a hyperlink to preprint, and 

link does not indicate it is research/preprint. Sources of disagreements were identified, and 

appropriate coding approaches were reviewed and clarified in the codebook (e.g., preprint 

definitions do not have to be correct to be coded as defines preprint; a hyperlink to a different 

version of a preprint than the one in our data should be coded as includes a hyperlink to a 

preprint). Finally, the main data set (n = 521 stories, none of which were used for the intercoder 

reliabity test) was divided for coding by the two coders. Although coding was largely performed 

individually, coders consulted with one another to resolve difficult cases, discussing possibilities 

until they reached consensus (cf. Evensen & Clarke, 2012).  

 

Statistical methods 

Binary logistic regressions were performed using the Python statsmodels6 package.  

 

Results  

In the following, we present the findings of our study alongside the three research 

questions. 

 
6
 https://www.statsmodels.org/ 
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RQ1. What content producers and curators (outlets) in the media ecosystem are 

communicating about COVID-19-related preprints?  

The data collection and analysis yielded a diverse set of outlets that mentioned COVID-

19-related preprints most frequently in the study period (Table 3). These outlets included legacy 

media (e.g., The Guardian, New York Times), digital-native news outlets (e.g., Inverse), medical-

niche publications (e.g., Medical News, MedicalXpress, Medscape), technology-niche 

publications (e.g., Business Insider, Wired), Web portals (e.g., MSN, Yahoo! News), a native in-

platform publisher (Medium), several news aggregators (e.g., Dailyhunt, National Interest), and 

The Conversation, a nonprofit outlet that “sources its content exclusively from university 

scholars and provides journalistic editing services to its authors” (Bruns, 2018, p. 52-53). 

Regardless of categorization of these outlets, all but one (Inverse) showed a clear tendency to 

either publish reposted content (i.e., stories aggregated from other media outlets or press 

releases) or publish original content. We loosely categorized these outlets as “aggregators,” 

defined, for the purposes of this study, as media outlets for which at least two thirds of stories 

were originally published by another source (i.e., were coded as reposted stories). Although we 

did not include press releases in this analysis, we note that doing so does not change the 

categorization of any outlet. Medical News published the greatest proportion of stories that we 

categorized as science communication stories (n = 15, 65.2%), where the primary focus was to 

communicate the research results and/or implications of the preprint. MedicalXpress and 

Medscape also published a large proportion of science communication stories (30.2% and 

33.3%, respectively). 

 

Table 3. Number and type of stories mentioning COVID-19-related preprints published by top 

15 outlets. 

 

Outlet 

Total 

Stories 

 

Press Releases Reposted Stories 

 

Science 

Communication 

(scicomm) Stories 

 Number Percent Number Percent Number Percent 

Business Insider 31 0 0 6 19.4 3 9.7 

Dailyhunt* 27 1 3.7 26 96.3 8 29.6 

Foreign Affairs 

New Zealand* 

25 6 24 18 72.0 5 20.0 

Inverse 22 0 0 10 45.5 3 13.6 

MedicalXpress* 43 10 23.3 29 67.4 13 30.2 

Medium 25 0 0 0 0.0 3 12.0 

Medscape 15 0 0 1 6.7 5 33.3 

MSN* 36 0 0 35 97.2 7 19.4 
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New York Times 29 0 0 0 0.0 4 13.8 

The Conversation 41 0 0 0 0.0 2 4.9 

The Guardian 24 0 0 0 0.0 5 20.8 

Medical News 23 2 8.7 4 17.4 15 65.2 

National Interest* 32 1 3.1 26 81.2 1 3.1 

Wired 17 0 0 2 11.8 3 17.6 

Yahoo! News* 67 6 9 61 91.0 16 23.9 

   

RQ2. How are outlets using hyperlinking practices when communicating about COVID-19-

related preprints? 

As there were no notable differences in the hyperlinking practices of outlets we 

categorized as aggregators and those that mostly posted original content, we do not draw 

distinctions in the rest of our results. Similarly, our findings remained unchanged whether or not 

press releases were included in the analyses; because of this—and because there were so few 

press releases in our sample (n =26)—we do not make comparisons with this group in the 

following results. The vast majority of stories mentioned a single preprint (n = 419, 91.7%) or 

two of the top 100 COVID-19-related preprints that comprised our sample (n = 28, 6.1%). The 

remaining stories mentioned between three and five preprints. We also noted that many stories 

mentioned preprints beyond our sample, but these were not systematically studied.  

For the remaining analysis, we considered a story to include a particular practice if it was 

used when mentioning at least one of the preprints associated with that story. In most cases, 

stories included a hyperlink to a preprint (n = 417, 91.2%). Similarly, the majority of stories 

indicated that what was being mentioned was research (n = 368, 80.5%), for example, by 

referring to the preprint as “a study” or “new research.” Nearly 20% of stories hyperlinked to a 

preprint without any indication of what the hyperlink pointed to (n = 88). 

However, these practices varied by outlet (Table 4). While most outlets in our sample 

included a hyperlink to the COVID-19 preprints in their stories, only 27 (33.3%) of Dailyhunt’s 

stories had at least one hyperlink to a preprint (all other outlets included hyperlinks in over 80% 

of their stories; five outlets included them in 100%). Two outlets stand out for the infrequency of 

references to research; The Conversation and the National Interest only mentioned research in 

approximately 60% of their stories. In many of these instances, the two outlets simply 

hyperlinked to a preprint without further indication that the hyperlink led to research (i.e., there 

was no mention of words such as “study” or “findings”). For example, a story from The 

Conversation titled “Predicting COVID-19: what applying a model in Kenya would look like” 

(Nanyingi, 2020) stated (hyperlink to preprint underlined):  
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There is an urgent need for serological tests. These find antibodies in the blood—

molecules made by the immune system in response to a pathogen’s attack—and would 

measure how much the virus spread and how many people recovered. 

While these outlets had the highest number of stories that included hyperlinks without 

indication of research (43.9% and 50%, respectively), two additional outlets published over 30% 

of their stories with uncontextualized hyperlinks (Foreign Affairs New Zealand and Medium) 

and two more had over 20% of stories with such hyperlinks (Inverse and MedicalXpress). 

 

Table 4. Number and percent of stories by hyperlinking practice and outlet. 

Outlet Includes a 

hyperlink 

to preprint 

Indicates mention 

is research 

Link does not 

indicate it is 

research/preprint 

 Number Percent Number Percent Number Percent 

Business Insider 30 96.8 28 90.3 3 9.7 

Dailyhunt 9 33.3 21 77.8 2 7.4 

Foreign Affairs New Zealand 24 96.0 17 68.0 9 36.0 

Inverse 22 100.0 17 77.3 5 22.7 

MedicalXpress 39 90.7 33 76.7 11 25.6 

Medium 24 96.0 19 76.0 8 32.0 

Medscape 14 93.3 14 93.3 1 6.7 

MSN 30 83.3 30 83.3 2 5.6 

New York Times 28 96.6 26 89.7 2 6.9 

The Conversation 41 100.0 25 61.0 18 43.9 

The Guardian 24 100.0 22 91.7 2 8.3 

The Medical News 20 87.0 22 95.7 0 0.0 

The National Interest 32 100.0 20 62.5 16 50.0 

Wired 17 100.0 17 100.0 0 0.0 

Yahoo! News 63 94.0 57 85.1 9 13.4 

Total 417 91.2 368 80.5 88 19.3 

NB: Because some stories mention more than one COVID-19-related preprint, a story may be counted as both having only 

a hyperlink and as indicating the mention pertains to research (i.e., if a story cites two different preprints, one may be 

described as research and the other included with only a hyperlink). 
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RQ3. How are outlets using framing devices that emphasize uncertainty when communicating 

about COVID-19-related preprints? 

Regardless of the practices used to identify or hyperlink to a preprint posted on medRxiv and 

bioRxiv, more than half of all stories made use of one or more framing devices to emphasize 

scientific uncertainty (i.e., they mentioned that the study was a preprint, unreviewed, 

preliminary, and/or in need of verification; n = 263, 57.5% of stories). In nearly half of these 

instances, the stories included a single framing device (n = 129, 49%), whereas 92 stories (35%) 

included two framing devices, 35 stories (13.3%) included three devices, and the remaining 

seven (2.7%) had all four devices (Figure 2).  

 

Figure 2. Proportion of stories using different numbers of framing devices that emphasize 

scientific uncertainty.

 
Noting that content was unreviewed was the most common uncertainty framing device, 

appearing in 172 (37.6%) of stories, followed in equal numbers by identifying the content as a 

preprint and noting that further verification was needed (n = 99, 21.7% for both devices). 

Indicating that the work was preliminary was the least common uncertainty framing device, 

appearing in only 76 (16.6%) of the stories. 

The devices used to frame uncertainty about COVID-19-related preprints varied by 

outlet. While some outlets indicated some form of uncertainty framing in over 80% of their 

stories (i.e., Medical News, Medscape, Wired), others did so less than half the time (The 

Conversation, Foreign Affairs New Zealand, Medium, New York Times) (Table 5). To test the 
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significance of these differences, we calculated a logistic regression that examined whether the 

probability of finding an uncertainty framing device varied depending on the publication outlet. 

More formally, we calculated a model in the form 𝑃(𝑌 = 1)  =  𝛽0 +  (𝛽1𝑥1 +  𝛽2𝑥2  +  … +

 𝛽15𝑥15), where 𝑌is a binary outcome variable coded as 1 if at least one uncertainty framing 

device was used and 0 otherwise, and 𝑥1𝑥2. . . 𝑥15are a set of predictor variables corresponding to 

each of the 15 outlets. A Wald Test easily rejects the null hypothesis that the outlets are equally 

likely to use at least one uncertainty device (F = 39.32, p < .001).  

 

Table 5. Percentage of stories by type of uncertainty and outlet. 

Outlet Mentions 

“preprint” 

Mentions 

work is 

unreviewed 

Mentions 

work is 

preliminary 

Mentions 

verification 

is needed 

Any of 

four 

devices 

Business Insider 6.5 54.8 19.4 9.7 67.7 

Dailyhunt 22.2 48.1 7.4 22.2 59.3 

Foreign Affairs New Zealand 24.0 28.0 12.0 16.0 44.0 

Inverse 27.3 54.5 31.8 27.3 72.7 

MedicalXpress 30.2 34.9 4.7 23.3 53.5 

Medium 12.0 16.0 8.0 16.0 32.0 

Medscape 73.3 40.0 33.3 33.3 86.7 

MSN 13.9 44.4 22.2 25.0 61.1 

New York Times 3.4 37.9 17.2 20.7 44.8 

The Conversation 12.2 24.4 9.8 22.0 41.5 

The Guardian 12.5 45.8 29.2 29.2 62.5 

Medical News 65.2 39.1 13.0 21.7 82.6 

National Interest 12.5 28.1 21.9 15.6 53.1 

Wired 64.7 52.9 41.2 23.5 88.2 

Yahoo! News 11.9 34.3 11.9 23.9 55.2 

 

Some outlets, such as Medical News, MedicalXpress, and Wired, included specific 

definitions of preprints within their stories. We identified a variety of definitions in 46 stories 

(10.1%). For example, some stories highlighted the uncertain nature of preprints in their 

definitions, such as this one published by Medical News (Mandal, 2020):  

The preprint paper is a version of a scholarly or scientific paper that precedes formal peer 

review and publication in a peer-reviewed scholarly or scientific journal….medRxiv 

publishes preliminary scientific reports that are not peer-reviewed and, therefore, not be 

regarded as conclusive, guide clinical practice/health-related behavior, or treated as 

established information. 

http://ct.moreover.com/?a=41832270215&p=1pl&v=1&x=1B6pD2_yp1HlJmYmNUtcIQ
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Other outlets offered a more positive spin in their preprint definitions. For example, a Wired 

story titled “Blood From Covid-19 Survivors May Point the Way to a Cure” (Rogers, 2020), 

defined preprints as “not peer-reviewed, but available for people to try,” while Foreign Affairs 

New Zealand (2020) described them as “the 21st century way to report data almost in real time.” 

We identified many of these preprint definitions in stories that specifically indicated that 

the study mentioned was a preprint (29 of 99 stories, 29.3%). Outlets, such as the New York 

Times, Medscape, and Wired, had previously published stories specifically about peer review, 

preprints, and COVID-19, which they occasionally hyperlinked to in their COVID-19 coverage 

as a shortcut for defining preprints. For example:  

“The paper, which has not yet undergone peer review, appeared on the Medrxiv preprint 

server.” (from Wired [Molteni, 2020]; the bolded hyperlink leads to the story “Biology’s 

roiling debate over publishing research early,” which provides an overview of what 

preprints are, why they can be beneficial, as well as why they can be detrimental)  

 

“The study, however, was published on a preprint server, medRxiv, where, as Medscape 

readers know, researchers publish early versions of a manuscript before they are peer-

reviewed.” (from Medscape [Coffey & Oransky, 2020]; hyperlink leads to the article “To 

maintain trust in science, lose the peer review,” which explores the pitfalls of peer review 

and the barriers media face when covering research that is not open access) 

 

“The research was posted on MedRxiv, a website where scientists have been posting 

articles submitted for publication elsewhere that have not yet been through peer 

review.” (from the New York Times [Yan, 2020]; hyperlink leads to a story on preprints, 

including their strengths and weaknesses, titled “Coronavirus tests science’s need for speed 

limits”)  

All outlets in our sample, particularly those focused on medical issues (Medical News, 

MedicalXpress, and Medscape), published stories specifically about the COVID-19-related 

preprints in our study (Table 3). We coded these stories as “science communication” if the 

results and/or implications of the preprint were the primary focus. We estimate the probability of 

whether a story will include an uncertainty framing device if the story is coded as a science 

communication story from the logistic model in the form 𝑃(𝑌 = 1)  =  𝛽0 +  𝛽1𝑠𝑐𝑖𝑐𝑜𝑚𝑚, where 

𝑌is a binary outcome variable coded as 1 if at least one uncertainty framing device was used and 

0 otherwise, and where 𝑠𝑐𝑖𝑐𝑜𝑚𝑚 is a predictor variable coded as 1 if the preprint was the 

primary focus of the story and 0 otherwise. We found that such stories were statistically more 

likely to include some uncertainty framing device when compared to other stories (odds ratio = 

9.64, p < .001). We ran a similar model using the 26 stories that were coded as press releases and 

found an increased likelihood that these contained an uncertainty framing device (odds ratio = 

2.58, p = .046). However, the significance of this effect disappears when both variables are 

considered in the same model (p = .337), while the increased likelihood of science 

https://www.wired.com/story/biologys-roiling-debate-over-publishing-preprint-research-early/
https://www.wired.com/story/biologys-roiling-debate-over-publishing-preprint-research-early/
https://www.wired.com/story/biologys-roiling-debate-over-publishing-preprint-research-early/
https://www.medscape.com/viewarticle/908647
https://www.medrxiv.org/
https://www.medrxiv.org/
https://www.medrxiv.org/
https://www.nytimes.com/2020/04/14/science/coronavirus-disinformation.html
https://www.nytimes.com/2020/04/14/science/coronavirus-disinformation.html
https://www.nytimes.com/2020/04/14/science/coronavirus-disinformation.html
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communication stories containing an uncertainty framing device remains statistically different 

from zero (p < .001).    

 

Discussion  

This study aimed to identify what digital content providers are communicating about 

COVID-19-related preprint research and the hyperlinking practices these outlets use when 

mentioning preprints in media stories. Because preprint research is characterized by a high level 

of scientific uncertainty (Berg et al., 2016; Chiarelli, Johnson, Pinfield, & Richens, 2019; Fry, 

Marshall, & Mellins-Cohen, 2019), we were particularly interested in how these outlets framed 

this uncertainty.  

To inform this study, we drew on research about scientific (un)certainty in health 

reporting (Hove, Paek, Yun,, & Jwa, 2015 Jung Oh, Hove, Paek, Lee, Lee, & Kyu Song, 2012; 

Matthias, Fleerackers, & Alperin, 2020) and work documenting the changing media landscape 

(Bakker, 2012; Bruns, 2018; Hermida, 2019; Lowrey, 2012). We found that a diverse range of 

legacy and digital-native content providers and curators are using the 100 most-mentioned 

COVID-19-related preprints in stories, and each media organization had a unique approach to 

covering them. We loosely categorized these outlets as legacy, aggregators, medical-niche, 

digital-native news, technology-niche, and outlets such as Medium and The Conversation, which 

resist categorizations found in existing research.  

We recognize that digital outlets will continue to diversify and innovate (Bruns, 2018; 

Lowrey, 2012; Witschge, Anderson, Domingo, & Hermida, 2019), but we also note trends in 

how the outlets identified in our study used preprints in their stories. Hyperlinking was a 

ubiquitous practice, with over 90% of stories we analyzed including a hyperlink to at least one 

preprint. Identifying those preprints and hyperlinks as pointing to research was also common. 

This standardization or routinization of practices points to some stability in the media landscape 

(Lowrey, 2012)—at least among the 15 outlets that were most active in covering COVID-19-

related preprints. Existing research has similarly documented a tendency among digital 

communicators to hyperlink to academic sources, often to demonstrate credibility and 

transparency (Coddington, 2012; Karlsson & Sjøvaag, 2018; Stroobant & Raeymaeckers, 2019). 

However, our findings extend the literature by examining how hyperlinks to COVID-19-related 

preprints were used as citations by a diversity of media outlets, and how even uncertain science 

may be leveraged as a credibility marker—especially when described as “research” rather than as 

a preprint. Indeed, outlets in our sample were much less likely to identify the research they 

mentioned as preprints—perhaps to maintain credibility, but perhaps also to avoid alienating 

readers with limited knowledge of scientific methods. Although more research is needed to 

understand the motivations behind media outlets’ use of different uncertainty framing devices, 

avoiding terms like “preprint” may be a strategic editorial approach adopted by media 

professionals who are known to pay close attention to audience preferences when making 

editorial decisions (Arenberg & Lowrey, 2018; McKenzie, Lowrey, Hays, Chung, & Woo, 2011; 

Tandoc, 2015; Vu, 2014).  
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Some outlets (e.g., Medscape, Wired) framed the preprints they mentioned as uncertain in 

almost every story; others (e.g., The Conversation, New York Times) did so in less than half of 

the stories we analyzed. Over 40% of stories in this study did not frame the preprint as uncertain 

at all; of those that did, most included just a single framing device—typically a statement that the 

research had not been peer reviewed. This may be because peer review is a feature that obviously 

distinguishes preprints from other research articles (Fraser, Brierley, Dey, Polka, Pálfy, & 

Alexis, 2020; da Silva, 2020), but it may also suggest that some communicators are wary of 

emphasizing uncertainties that are more directly tied to the quality of the research, such as its 

preliminary nature or the need for verification, as these could potentially undermine credibility 

and trust (Frewer, Hunt, Brennan, Kuznesof, Ness, & Ritson, 2003; van der Bles, van der 

Linden, Freeman, & Spiegelhalter, 2020). These findings align with previous studies examining 

editorial framing of health issues (e.g., Dan & Raupp, 2018; Hove, Paek, Yun, & Jwa, 2015; 

Jung Oh, Hove, Paek, Lee, Lee, & Kyu Song, 2012; Matthias, Fleerackers, & Alperin, 2020) that 

find science is seldom framed as uncertain. In our study, about half of the stories we analyzed 

contained framing devices emphasizing uncertainty; yet, this was still far more frequent than past 

studies have reported, perhaps because of the nature of the topic of our study. Previous studies 

have largely focused on media covereage of peer reviewed health research, while our work 

focused specifically on preprints, which are scientifically uncertain research. In the context of 

risk communication where transparency is deemed essential (Bourrier, 2018; Covello, & Allen, 

1988; O’Malley, Rainford & Thompson, 2009; Sellnow, Ulmer, Seeger, & Littlefield, 2009), 

some media outlets may recognize the importance of framing them as such. Indeed, although 

research examining media coverage of unreviewed health science is limited, available evidence 

from beyond the COVID-19 context suggests media outlets may frame scientific uncertainty 

differently when communicating during a public health crisis. These studies—which focused on 

media coverage of other forms of preliminary health research (e.g., findings from initial 

biomedical studies or medical conference proceedings)—found that only about one in five media 

stories mentioned the uncertain or unverified nature of the findings they communicated (Dumas-

Mallet et al., 2018; Lai & Lane, 2009). While more research is needed in this area—particularly 

comparing media coverage of peer reviewed and unreviewed research findings, as well as the 

portrayal of preprints across different topics, communication contexts, and outlets—it is 

encouraging to consider that media may be more attentive to addressing scientific uncertainties 

when such transparency has important implications for public health, such as the COVID-19 

pandemic.   

In comparing the hyperlinking and framing practices of these diverse outlets that mention 

preprints frequently, this study revealed greater similarities between outlets from different 

categories than previous research (Harrison, Macmillan, & Rudd, 2020; Hurley & Tewksbury, 

2012; Stroobant, 2019)—at least in their coverage of COVID-19-related preprints. For example, 

both MSN and Dailyhunt can be considered aggregators, but MSN’s communication practices 

had more in common with niche outlets such as Wired or Medical News, which were among the 

most likely to hyperlink to preprints and identify them as such. Similarly, while The Guardian 
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and the New York Times shared similar hyperlinking practices (i.e., they almost always 

hyperlinked to the COVID-19-related preprints they mentioned, and rarely did so without 

identifying them as research), the New York Times was less likely to include a framing device 

emphasizing uncertainty in their stories. In this instance, the New York Times had more in 

common with outlets like The Conversation or Foreign Affairs New Zealand, both of which used 

fewer uncertainty framing devices than other outlets. These similarities across “categories” could 

suggest, as other scholars have argued, that drawing divides between legacy or “core” journalism 

and alternative, “peripheral” outlets may no longer make sense; the boundaries between them 

appear to have become blurred (Deuze & Witschge, 2018; see also Bruns, 2018; Chadwick, 

2017; Hermida, 2019). Future studies examining the use of uncertainty framing devices among a 

larger sample of media outlets could provide important insights into the degree to which such 

blurring is, indeed, taking place.    

Within our sample, the digital-native outlets (e.g., The Conversation, MedicalXpress, 

Yahoo! News) published the most stories citing preprints. This may be explained in part by the 

resources required to cover scientific research: when contributors get “no-pay” or “low-pay” for 

original content outlets have fewer financial barriers to providing content (Bakker, 2012; 

Coddington, 2019). The dominance of The Conversation in the lack of framing devices 

emphasizing uncertainty, however, is surprising, given its official terms and conditions specify 

that “Research, as a general principle, should not be reported before it has been subjected to a 

recognized process of peer review” (The Conversation, 2020a, para. 10). The urgent nature of a 

crisis situation like the COVID-19 pandemic may have prompted revisions to media policies by 

some outlets and provides an area for future research.  

Professional journalism resources, such as tip sheets, blog posts, and stylebooks, that 

describe best practices for reporting on COVID-19 preprints (e.g., AP, 2020; Helmuth, 2020; 

Jaklevic, 2020; Khamsi, 2020; Ordway, 2020) recommend using the uncertainty framing devices 

that we investigate in this paper. Interestingly, aggregators like MedicalXpress and Yahoo! News 

were more likely to follow these guidelines when mentioning the most reported on COVID-19-

related preprints, compared with some of the more “traditional” outlets in our sample. These 

findings depart from research suggesting that aggregators are less likely to include uncertainty in 

their coverage (Hurley & Tewksbury, 2012) and more likely to provide shallow, sensational 

content (Coddington, 2019). While more research is needed in this area, one possible explanation 

is that aggregators are increasingly heterogeneous, with some licensing high-quality journalistic 

content. Aggregators, at least those identified in this study, may also have new content options 

outside traditional news media. For instance, The Conversation, with articles commonly 

republished by aggregators within the dataset, represents a relatively new form of content 

available for free and from researchers at a mix of academic institutions. Finally, several of the 

aggregators in our sample also occasionally reposted press releases, the majority of which were 

science communication stories and thus more likely to include at least one uncertainty framing 

device.  
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The Conversation also stands apart, as does Medium, for having the fewest stories 

hyperlinking to a highly mentioned COVID-19-related preprint without framing it as uncertain. 

Both outlets were relatively unlikely to identify those preprints as preprints. This may be 

expected in the case of Medium, which allows anyone to publish content with little or no 

editorial oversight7, and hence is likely to feature stories by authors with limited awareness or 

concern of what preprints are or the scientific uncertainty surrounding them. The limited 

uncertainty in The Conversation stories is more surprising, given academics’ typical reliance on 

uncertainty framing devices to communicate scientific findings (Zehr, 1999). The Conversation’s 

readership, while largely working in non-academic settings (The Conversation, 2020b), is mostly 

university educated and it may be assumed that this audience is already knowledgeable about 

preprints. This raises issues around article sharing by outlets with readership beyond The 

Conversation’s initial or intended audience. As such, The Conversation’s distribution and 

editorial approach—what it calls “academic rigor, journalistic flair”8—present a tension 

deserving of further research.  

Across the 15 outlets we analyzed, “science communication” stories—that is, stories 

focused on communicating the results or implications of a particular COVID-19-related 

preprint—were more likely to portray that preprint as uncertain compared to stories using 

preprints for other purposes (e.g., to cover a wider issue, to support an argument). This finding 

supports recent research by Matthias and colleagues (2020) which similarly found that scientific 

uncertainty was more likely to be conveyed in science communication rather than issue-focused 

stories. These findings are not surprising considering media preferences for novelty and 

significance; framing research as scientifically uncertain does not enhance a story unless the 

implications for the audience necessitate it (Fahnestock, 1986). This tendency may also come 

down to a question of word count and reader experience. Discussing the uncertainty associated 

with a preprint takes up valuable space—even in online publications that typically work to keep 

articles brief—and could disrupt the “flow” of a story (Van Leuven, Kruikemeier, Lecheler & 

Hermans, 2018). While outlets and their editorial staff may deem an explanation of a preprint as 

warranted in a story focused on that research, they may be less likely to do so when a preprint is 

mentioned only in passing. 

There are practical implications from these research findings that we wish to highlight. 

Media are a key source of public health information during times of crisis (Austin, Fisher, Liu, & 

Jin., 2012); yet many of the outlets we analyzed do not appear to follow public health risk 

communication best practices when it comes to the portrayal of uncertainty surrounding COVID-

19 preprint research—at least not consistently. We recognize that covering this unvalidated 

science poses challenges for public health risk communicators, as doing so requires balancing the 

public’s need for timely, relevant information with risk communication best practices of 

communicating with transparency and openness regarding unknowns and uncertainties (Covello, 

& Allen, 1988; Covello, McCallum & Pavlova, 1989). Still, our findings suggest that achieving 

 
7
 Medium offers guidelines and best practices, but does not enforce them https://medium.com/creators  

8
 https://theconversation.com/ 

https://medium.com/creators
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these seemingly conflicting aims is possible; Wired and the New York Times have both produced 

explanations about the uncertainty inherent in science, peer review, and the scientific method, 

and each outlet includes hyperlinks to these “meta”-science stories when mentioning preprint 

research. These practices could be seen as a first step toward a standardized industry practice, 

although they offer no guarantee that readers will click through for additional information 

(Yaros, 2011). Evaluating the certainty of scientific findings can be challenging for readers 

without a science background; however, readers can at least understand whether research is 

established or preliminary with the help of editorial framing devices such as those analyzed in 

this study. This seems especially important for global issues with such local and personal 

relevance as COVID-19.  

These issues warrant further study and could be explored by building on the research 

method we employed, which is innovative in two ways. First, our approach builds on the 

emerging field of altmetrics (Erdt et al., 2016), which seeks new ways to capture how and when 

research is shared and communicated online, by analyzing the contexts into which research is 

mentioned. Second, while much previous research has analyzed uncertainty frames using a 

holistic approach (i.e., is the story uncertain?), often with nontransparent coding schemes 

(Matthes & Kohring, 2008), we offer our full coding scheme and break down uncertainty frames 

into four distinct framing devices, allowing the identification of the relative prevalence of each 

device overall, as well as for each outlet. 

This study comes with limitations. First, we focused on the framing of uncertainty 

specific to COVID-19-related preprints, rather than uncertainty in these stories more generally. 

We see this focus as a strength, as, to our knowledge, no existing research has examined how 

preprints are portrayed in online media coverage. However, by restricting the unit of analysis to 

the preprint mention, we might have missed some of the context surrounding the preprint that 

could influence how the preprint is perceived by readers (Corbett & Durfee, 2004; Tewksbury & 

Riles, 2018). Second, we further restricted our sample to mentions of the 100 most mentioned 

COVID-19-related preprints, which may not be representative of coverage of less popular 

preprints. Indeed, media outlets sometimes take their lead from other outlets when deciding how 

and whether to cover issues (Golan, 2006; Wang & Guo, 2018); seeing a preprint mentioned by 

multiple outlets—especially without the inclusion of an uncertainty framing device—may have 

encouraged the outlets in our sample to see the research as sound and verified, and portray it 

accordingly in their own coverage. Third, we found that a large proportion of our stories used 

preprints with a hyperlink, but this may be an artefact of how Altmetric tracks research mentions 

and could bias the data to include hyperlinked preprints over text-based mentions of preprints. 

While we can be certain that Altmetric’s natural language processing is successful in identifying 

text-based mentions of preprints at least some of the time, the exact precision and recall of this 

approach remains unknown. We encourage scholars to complement our findings using other data 

sources and methodologies—as well to systematically evaluate the effectiveness of Altmetric’s 

text-based data collection. Fourth, we restricted our sample to English-language stories from the 

15 media outlets that mentioned the most COVID-19-related preprints, but these may not be the 
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most influential or most read outlets covering the pandemic, nor representative of preprint 

coverage in other languages. Future research could examine whether our findings apply to 

international outlets, as well as those chosen based on the size and influence of their audiences or 

the reach of their stories. Finally, interviews with content providers and curators could advance 

our understanding of how they approach the communication of scientific uncertainty surrounding 

preprint research in their media stories and help us develop a more complete explanation of 

media communication of preprint research.  
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