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Introduction: Preprints have become an important tool for meeting the challenges of health communication in the context of COVID-19. They allow scientists to disseminate their results more quickly due to the absence of a peer review process. Preprints have been well-received by scientists, however, there have been concerns about the exposure of wider public audiences to preprints due in part to this lack of peer review.

Methods: The aim of this study is to examine the dissemination of preprints on medRxiv and bioRxiv during the COVID-19 pandemic using content analysis and statistical analysis.

Results: Our findings show that preprints have played an unprecedented role in disseminating COVID-19-related science results to the public.

Discussion: While the overall media coverage of preprints is unsatisfactory, digital native news media performed better than legacy media in reporting preprints, which means that we could make the most of digital native media to improve health communication. This study contributes to understanding how science communication has evolved in response to the COVID-19 pandemic and provides some practical recommendations.
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1. Introduction

Science communication faces opportunities and challenges in the context of COVID-19. There has been an increase in public interest in scientific research during the pandemic (1, 2). These needs, however, cannot be met by traditional models of science communication. Science communication used to involving scientists publishing their findings in peer-reviewed scholarly journals and then distributing them to the general public through journalistic reporting. While the publication process is slow for scholarly journals, peer-reviewed journals in the fields of public health and medicine, for example, have a publication cycle of ~3 months (3). Publication lag times became a serious problem during the pandemic. According to one study, SARS ended before 93% of the SARS studies were published (4).

Preprint platforms are a new means of disseminating scientific research. They provide rapid dissemination, citation advantage, receiving feedback, and so on. Therefore, they are regarded as an accelerator of scholarly communication (5–7). Preprints are becoming increasingly popular in various disciplines, such as life sciences (8), mathematics (6), and information sciences (9).

Preprints have become an important tool in meeting these challenges. Researchers upload them on the preprint platform without any peer review. Preprints are usually published before the formal publication process. They are an important scholarly communication tool during the pandemic because of their rapid publication speed and that they are open access (10–12).

Preprints were generally well-received by scientists, but there are concerns about their use for public scientific communication. Preprints can be an efficient means of delivering information to the public. Meanwhile, inappropriate dissemination of preprints can have serious consequences (13). As preprints are not peer-reviewed, quality problems can arise, causing confusion and panic among the public. A paper published on bioRxiv suggested that the COVID-19 virus was genetically engineered because it is similar to HIV. It received widespread public attention, with some citing it as evidence that COVID-19 is a biological weapon (12, 14)1.

In this context, we need to examine the role of preprints in disseminating COVID-19 research to the public.



2. Literature review

Scientific research results are increasingly being covered in the mass media (15). Both science news and non-science news are increasingly reporting papers from scholarly journals (16, 17). Over 99% of scientific papers covered by mass media are related to health and medicine (18–20).

There are two main perspectives on the mass media's coverage of scientific papers. One is from a bibliometrics perspective, examining whether mass media distribution can increase the number of citations of the papers (21, 22). The other concern is the accuracy of reporting. Researchers have questioned the reliability of news coverage of academic content in the mass media, stating that between half and 90% of news coverage has problems (23, 24). These problems include omitting contextual information (15, 25), exaggerated conclusions (26), and misleading causal claims (27), which are widespread across a wide range of fields (28, 29).

COVID-19 has led to an unprecedented use of preprints (12, 30). They are seen to accelerate the dissemination of scientific discoveries in response to infectious disease outbreaks (31). Preprints related to COVID-19 have increased more than 100-fold compared to research on other viruses (32).

In addition, COVID-19 prompts the dissemination of preprints beyond the academic community to the wider public (13). Many mainstream journalists have to report on preprints due to the pandemic, which has even become a frequent practice (33–35). While the role of preprints was well-recognized within the academic community, their dissemination to the public raised concerns. Journalists often consider preprints that have not been peer-reviewed as reliable sources of information, and the reporting process follows that of peer-reviewed articles (34, 36). Since it is difficult for non-scientists to distinguish between preprints and peer-reviewed papers, this can lead to confusion and distortion, ultimately resulting in fake news, conspiracy theories, and extremist ideologies (13, 37–39).

Studies focusing on reporting preprints in mass media within the context of the pandemic can be divided into two categories. First, a qualitative approach focuses primarily on experience, summarizing the news reporting practices of preprints by journalists. They explain why preprint coverage has become so extensive and the problems associated with the reporting practice (33, 35, 40).

Second, empirical studies are conducted. Fleerackers et al. examine the reporting of preprints in 15 media outlets (41). Some studies examine preprint coverage across specialized regions, such as the United States, the United Kingdom, Brazil, and South Africa. These studies provide an analytical frame for preprint coverage and indicate the proportion of preprints that are not correctly reported, ranging from 27.6 to 59% (42–44).

Together these studies provide important insights into how preprints are communicated to the public. This paper expands on existing research in four ways. First, an empirical study is conducted to investigate whether and how the pandemic has led to wider dissemination of preprints. Secondly, the study sample was selected based on the preprints published on preprint platforms that failed to appear in peer-reviewed journals. Some preprint papers are eventually published in peer-reviewed journals, while previous studies have often failed to make this distinction, and such confusion can affect the accuracy of conclusions. This distinction is important because papers that do not undergo peer review are more likely to have quality issues, and the potential consequences of inaccurate reporting of these papers could be severe. As a result, this study will focus on preprints that do not ultimately appear in peer-reviewed journals. Thirdly, this paper will explore what factors influence the inaccurate reporting of preprints. Lastly, it examines data from social media compared to the mass media.

In this paper, we address the following research questions:

RQ1. How does the COVID-19 pandemic influence the breadth of the audience exposed to preprints?

RQ2. How have COVID-19-related preprints been covered in the news media?

RQ3. What factors influence the accuracy of the media coverage of the preprints?



3. Methods


3.1. Sample selection

The sample for this study was selected from preprints published in medRxiv and bioRxiv during the early stage of the pandemic. I chose these two platforms because they are the most important preprint platforms for biological and medical research (45, 46). The early stage of the pandemic is selected because the lack of information at this time offers opportunities for widespread dissemination of preprint papers (12). Considering that the timing of the early stage of the pandemic varies from country to country (47–50), we chose preprints published from 1 January to 30 June 2020, which provides an overview of the first wave of the pandemic for most countries.

We use the dataset from Fraser et al. as the data source (51). This dataset contains information on all papers published on the preprint platforms medRxiv and bioRxiv from 1 January to 31 October 2020, along with their metadata (e.g., title, doi, author information, etc.) as well as whether the preprint relates to COVID-19. Furthermore, the publication status of the paper was marked, making the dataset ideal for this study2.

I extracted from the dataset 26,425 preprints published on the bioRxiv and medRxiv platforms from 1 January to 31 June 20203. After removing the 8,899 (33.7%) papers that had already been published in peer-reviewed journals, 17,526 (66.3%) papers remained. Of these, 4,269 (16.2%) were COVID-19 related, and 13,257 (50.2%) were non-COVID-19 papers. And bioRxiv contributed 841 papers and medRxiv contributed 3,428 papers. Additionally, all preprints from bioRxiv and medRxiv from 2013 to the end of 2019 were obtained as comparative data, excluding articles that had already been published in peer-reviewed journals.



3.2. Data collection

Altmetric, a service that tracks the public attention research papers receive, was used to collect data on disseminating preprint papers in the public domain (52). I queried the DOI of each preprint in our sample using the Altmetrics API and accessed the records of mentions in news media and Twitter activity for each preprint.

To address research question 2, I selected preprint papers whose news records were ≥34. I did this to identify papers that have the most influence on the public. Approximately 710 papers were selected after filtering. The first news link that was reported on these papers was then retrieved. Finally, LexisNexis databases and the Internet are used for extracting the content of these news stories by crawlers and manual crawling5. After removing 190 items of non-English content, 38 items of original deleted content, and 14 items of content that required payment but were not in the LexisNexis database, 468 items remained and were used as a sample for further content analysis.



3.3. Content analysis

This study developed a codebook based on the research of Fleerackers et al. (41) and van Schalkwyk and Dudek (42). In the codebook, three frames were used to determine whether the news media accurately reported the preprints. These included using the term “preprint,” the declaration that the article was not peer-reviewed, and the statement that it was preliminary research. As these frames were relatively well-identified, we searched for keywords mentioned as coding methods. Then 10% of the articles were randomly selected and manually checked to refine the keywords, and “preprint,” “preprints,” “peer-reviewed,” “early,” etc., were added as search keywords. The codebook is shown below. Table 1 presents the description, source, and examples of each code.


TABLE 1 Overview of codes.

[image: Table 1]

To address RQ3, the platforms which report the preprints were categorized in two ways, one based on media content and the other based on the media type. This study categorized the media content as medical publications, business publications, biology publications, science publications and general News publications. As for the media type, they are divided into legacy media, news aggregators and digital-native news platforms.

Tables 2, 3 show the definitions, explanations, and examples of media content and media type.


TABLE 2 Definitions of media content.
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TABLE 3 Definitions of media type.
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3.4. Data analysis

The data were analyzed using SPSS 26.0, with the following methods:

(1) Descriptive statistics were applied to the dissemination of preprints before and after COVID-19.

(2) Spearman correlation coefficients were used to examine the relationship between the spread of news and Twitter feeds.

(3) The media type and media content were cross-tabulated with preprint frame adoption scores. The preprint frame adoption scores is the number of pre-printed adoption frames used for each news in the content analysis. Scores ranged from 0 to 3, with higher scores indicating more accurate preprint coverage. These scores were cross-tabulated with the number of frames adopted to understand the differences in the accuracy of preprint reporting across different categories of media.




4. Findings

This study aims to examine how the preprints are disseminated to the public in the context of the COVID-19 pandemic. It employs content analysis and statistical analysis to investigate the dissemination of preprints on the preprint platforms medRxiv and bioRxiv. The findings of this study are as follows.

The public's awareness of preprints has increased dramatically in the pandemic, especially for the preprints related to COVID-19. In the following analysis, the preprints published after 2020 are grouped as relevant and irrelevant for the COVID-19 content, as shown in Table 4.


TABLE 4 Altmetric score for COVID-19-related preprints and non-COVID-19-related preprints in news media and Twitter.

[image: Table 4]

COVID-19-related preprints are more widely disseminated than non-COVID-19 content, as shown in Table 4. This is evident from the fact that the mean (4.059 vs. 0.159, 114.353 vs. 16.221, respectively) and median (0 vs. 0, 10 vs. 7, respectively) of the COVID-19-related preprints on news and Twitter are both greater than or equal to the non-COVID-19-related preprints. It appears that news media coverage favors COVID-19 preprint content. The medians for COVID-19 and non-COVID-19 in the news media were 0.0/0.0. The test resulted in a P-value of 0.000***, indicating a significant difference between COVID-19 and non-COVID-19 in the news media. The magnitude of the difference, as measured by Cohen's d, was 0.389, indicating a small difference.

The medians for COVID-19 and non-COVID-19 on Twitter were 7.0/10.0. The test resulted in a P-value of 0.000***, indicating a significant difference between COVID-19 and non-COVID-19 on Twitter. The magnitude of the difference, as measured by Cohen's d, was 0.266, indicating a small difference. Furthermore, this table suggests that content related to COVID-19 may have larger maximum values. This means that some preprint papers related to COVID-19 may receive a relatively high degree of public exposure.

Table 5 shows that 33% of COVID-19-related preprints were mentioned in the news at least once at an early stage of the epidemic, whereas only 11% of non-COVID-19 preprints were mentioned at least once at the same time. Regarding social media shown Table 5, 99.90% of COVID-19-related preprints received at least two tweet mentions, compared to 95% for non-COVID-19 preprints6.


TABLE 5 The proportion of preprints mentioned in news or Twitter.
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It shows that the correlation coefficient between news media and TWITTER is 0.538 at a 0.01 level of significance, indicating a significant positive correlation between news and TWITTER. The result suggests a strong similarity in the perspective of public attention.

While on the other hand, the epidemic has a greater impact on the dissemination of preprints in the news media than on social media. The change in preprint distribution in the news media is greater than the change in social media after the epidemic. In addition, the difference in the number of COVID-19-related preprints and non-COVID-19 preprints disseminated was also greater in the news media than in social media.

A significant number of preprint papers are not accurately reported by the news media. Half of the news stories fail to mention the preprint frame, which means that readers would regard it as the same as a peer-reviewed paper. And those papers that do mention the preprint frame often lack further explanation.

Figure 1 shows that 49% of the news reports do not mention any preprint frame, which means that readers would regard it as the same as a peer-reviewed paper.


[image: Figure 1]
FIGURE 1
 Preprint frame adoption score in the news media.


Figure 2 presents the number of reports that adopted a particular preprint frame. As shown in the figure, the most commonly used approach was mentioning the preprint status of the paper, with 192 (41% of) reports adopting this approach. The second most frequently used approach was mentioning the preliminary nature of the study, with 107 (23% of) reports adopting this approach. Only 70 (15% of) reports mentioned the non-peer-reviewed status of the study. It is clear that the news coverage of the preprint is not accurate.


[image: Figure 2]
FIGURE 2
 The number of reports that adopted a particular preprint frame.


The media's content characteristics are more likely to influence its coverage of the preprint than the media's type characteristics.

Figures 3, 4 show the media sources. In media type, more than half of the content is published in digital native media and 39% in legacy media. While in terms of media content, the majority is published in general news media.


[image: Figure 3]
FIGURE 3
 Different media type that cover preprints.



[image: Figure 4]
FIGURE 4
 Different media content that cover preprints.


The results of the chi-square test (cross-tabulation) presented in Table 6 indicate a significant (p < 0.05) relationship between media type and preprint frame adoption scores. This suggests that the different media type samples show a difference in preprint frame adoption.


TABLE 6 Chi-square test (cross-tabulation) results for the media type and the number of preprint frames adopter.

[image: Table 6]

Figure 5 demonstrates the preprint frame adoption scores of the different media types. We can see from the Figure that digital native news platforms have the highest preprint frame adoption scores, with both legacy media and news aggregators below. And this indicates that digital native platforms are more accurate in reporting preprints.


[image: Figure 5]
FIGURE 5
 The preprint frame adoption scores of the different media types.


The results of the chi-square test presented in Table 7 indicate a significant (p < 0.05) relationship between media content and preprint frame adoption scores. This suggests that the different media content samples show a difference in preprint frame adoption.


TABLE 7 Chi-square test (cross-tabulation) results for the media content and the number of preprint frames adopter.

[image: Table 7]

Figure 6 illustrates the preprint frame adoption scores of different media content. As can be seen, medical, scientific, and biological categories have scores, which means they report preprints more accurately. While for general news and business news, they are less able to accurately report preprint content.


[image: Figure 6]
FIGURE 6
 Preprint frame adoption scores of different media content.


In conclusion, legacy media performs less well in this area than digital native media when measured by the preprint frame adoption score. As we explore further, we can find that digital-native media have higher adoption scores because most medical and scientific content is published on digital platforms. To some extent, therefore, we can assume that media content influences preprint coverage quality more than media type.



5. Discussion and conclusion

Preprints have become an important source of information during the COVID-19 pandemic as the public demands quicker access to scientific information. This paper explores the current state of communication of preprints in the public sphere to help better understand the changing picture of science communication during the pandemic. In this way, we may be able to better respond to public health emergencies and maintain public confidence in the media and science.

The findings of this paper show that the COVID-19 pandemic has indeed increased the exposure of preprints in the public eye, suggesting the emergence of a new model of science communication. In previous models of science communication, scientists conducted research, published their findings in peer-reviewed journals through a long publication process, and then communicated their findings to the public in journalistic reports. This paper finds that the epidemic has changed this model, resulting in more scientific discoveries being disseminated into the public domain through preprinted papers. Several previous studies have shown that journalists have relied more on preprint as a source of news coverage due to the immediacy and ease of accessibility (33, 35). It is believed that journalists and the media are “knowledge brokers” who bridge the gap between science and society (53, 54). With the introduction of preprints into mainstream media under the pandemic, accuracy in reporting ongoing scientific research has implications for public trust in science and media, and science communication should therefore pay attention to this topic.

This study reveals that the overall media coverage of preprints is unsatisfactory, whereas digital native news media, particularly those specialized news media, possess higher reporting standards than legacy media. According to the study, only half of the news stories mentioned the preprint nature of the papers covered, and most failed to explain what that means. Comparing this result with previous similar studies, the proportion of stories that are not correctly reported is higher (42–44).

This study focuses on preprint papers that were not ultimately published in peer-reviewed journals. Previous research has primarily focused on all preprint papers, so it is likely that the papers in our sample have some qualitative differences in content compared to those that were included in previous studies. If a significant proportion of these preprint papers contain errors in their reports, it could have serious consequences. This underscores the need to improve the quality of these reports.

In addition, this paper found that digital native news media performed better than legacy media in reporting preprints accurately, which offers new ideas for reshaping the structure of science communication. Much of the previous literature on science communication coverage has focused on legacy or social media, with relatively little attention paid to digital native media (55–57). With science journalism declining in legacy media in recent years (58), the conclusions of this paper demonstrate the need to pay special attention to the role of digital native media in science communication, which appears to be a viable strategy for reshaping science communication (59, 60).

The findings of this study contribute to understanding how science communication has evolved in response to the COVID-19 pandemic. Firstly, in terms of the sources of science communication, it is essential to note that preprints are being widely disseminated to the general public. Secondly, it is necessary to improve the quality of reporting of preprints in the mass media. Finally, it is crucial to recognize the increasing importance of digital native media, especially when science journalism is declining in legacy media. Overall, this study indicates that public health emergencies significantly impact science communication.

Based on the findings, the following practical recommendations are made.

(1) Journalists should realize that preprints are not peer-reviewed and should not view them as the same papers in peer-reviewed journals. One way to make journalists aware of the nature of preprints would be to provide them with information and resources about preprints through training sessions.

(2) When journalists report on preprints, explain accordingly. A study has shown that even brief explanations can help non-scientists distinguish between preprints and peer-reviewed papers (61).

(3) When covering preprints, it is advisable to interview other researchers in the field to assist with assessing and explaining the significance of the preprint (62).

(4) Science communication should take full advantage of native digital media.

Science communication is challenged by the COVID-19 pandemic, and preprints serve as an effective tool to address this issue. Throughout this paper, we examine the current state of preprint communication in public view to better understand how science communication has evolved in the context of public health emergencies. Additionally, the paper provides practical suggestions for reporting preprints, which can help promote trust both in science and in the media.

Some limitations exist in this study. Firstly, the content analysis of the coverage on preprints focuses only on the English-language media and therefore lacks a broader global perspective. In addition, only reporting of preprints at the early stages of the pandemic was examined, ignoring the possibility that the reporting of preprints could change as the pandemic progresses. Therefore, future research could expand the scope of this study in terms of language and time. Finally, future research could examine changes in audiences' attitudes and behavior following exposure to preprint reports.
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Footnotes

1 In this case, it would be more accurate to state that SARS-CoV-2 and HIV share a very small genetic sequence, but that this sequence is also found in many other organisms. It is not correct to say that SARS-CoV-2 is similar to HIV, as this could lead to misunderstandings and incorrect conclusions.

2 According to the description of the dataset, the published data was collected in December 2020. It is likely that many papers on COVID-19 had already been published by the time of the count, given the rapid pace at which new research on the virus was being published during the early days of the pandemic. This is supported by studies that found the average time from submission to publication was 60 days (https://direct.mit.edu/qss/article/1/3/1056/96126/Pandemic-publishing-Medical-journals-strongly), 83.8 days (https://academic.oup.com/rev/article/30/3/231/6064166#312682880) with a median of 20 days (https://www.medrxiv.org/content/10.1101/2020.06.22.20137653v1). It is reasonable to assume that very few papers were still in the process of being published at the time of the count.

3 The publication data provided by BioRxiv and medRxiv can be considered reliable, as the websites automatically add links to the published versions of papers within several weeks of journal publication (https://www.biorxiv.org/content/about-biorxiv). Additionally, the authors of the papers often update this information themselves, which helps to increase the citations of their work. As such, the information provided by these websites can be considered trustworthy.

4 I have decided to use 3 as the threshold because papers with three or more news items are more likely to be influential in the public eye. This is because such papers have a greater potential for dissemination to popular news sites, whereas papers with one or two news items are more likely to originate from public relations news from the organizations they belong to, or from a narrow range of specialist news sites.

5 LexisNexis is a prominent company that offers online information services, including access to legal, news, and business-related data. This company's products and services are utilized by professionals such as lawyers, journalists, researchers, and others to search through a vast collection of legal, news, and business information. LexisNexis provides a range of tools and resources that are designed to help users quickly and easily find the information they need.

6 In this paper, we count tweets with more than two mentions because preprint platforms typically post tweets of platform papers automatically. To reduce this effect, we count tweets with more than two mentions.
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1 74 (29.37) 50 (27.03) 9(29.03) 133 (28.42)
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3 17 (6.75) 5(2.70) 0(0.00) 22 (4.70)

Total 252 185 31 468

* -
P <0.05,**p < 0.01.

From the Table above, we can see that using a chi-square test (cross-tabulation) to examine the relationship between media type and preprint frame adoption. The media type shows a 0.01 level of

significance for the total score (chi = 18.889, p = 0.004), and the difference in percentage comparison shows that news aggregators selected 0 at 64.52%, which is significantly higher than the average

of 48.72%. 56.22% of legacy media selected 0, significantly higher than the average of 48.72%.
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Using a chi-square test (cross-tabulation) to examine the relationship between media content and adoption of preprint frames, the Table above shows that the different media content showed
significant adoption of preprint frames (p < 0.05). The media content shows a 0.01 level of significance for the adoption of the preprint frame (chi = 62.827, p = 0.000). To meet the requirements
for a chi-square test, we combined the categories of biology and medicine for the purposes of this analysis.
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“pre-print” or “pre-prints”

References

Fleerackers etal. (41)

Examples

o Their paper is posted online in preprint
o In one study, which is available online as

a pre-print

Mention not peer reviewed

Search “peer review” or “peer reviewed”

van Schalkwyk and Dudek (42)

Due to the rapid response nature of the study, it
has not yet been peer reviewed or published in a
journal

They haven’t been through the rigorous peer
review process required to publish in

scientific journals.

Mention preliminary

Search “preliminary” or “carly”

Fleerackers etal. (41)

Vander Heide, from LSU, who reported
preliminary findings on 10 patients

Early research posted on Monday to the online
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18% drop
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