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Abstract

In the COVID-19 pandemic, it became much more critical for many life science researchers to rapidly disseminate
preliminary versions of their results from one day to the next. This kind of “save the world” feeling prompted a
search for ways to circumvent the lengthy publication procedures for journal articles, and many researchers
decided to post preprints as upstream publication opportunities. This was a new phenomenon in the life sciences,
so it is interesting to examine this development and investigate whether this is a temporary phenomenon or the
beginning of a cultural shift in publishing behavior in the life sciences. Preliminary findings from a survey of
researchers who have posted COVID-19-related preprints suggest that the large prevalence of preprints in the
pandemic could lead to a lasting change in publishing behavior.

Introduction

At the onset of the COVID-19 pandemic, there was a rapid increase in the posting of preprints
in the life sciences (Fraser, Brierley, et al., 2021; Puebla et al., 2022). In these communities in
particular, there were many pandemic-related topics that scientists wanted to disseminate
immediately to swiftly expand knowledge about the impact of the virus or vaccine development
(Waltman et al., 2021). Rapid dissemination of scientific articles has clear advantages,
especially in times of a pandemic - given the sometimes lengthy publication timelines (Fraser
et al., 2020). The publication of preprints on repositories has been recognized as an upstream
step before official publication in a journal to increase the immediate visibility of research
results. This was made possible by the establishment of preprint repositories such as bioRxiv,
medRxiv, and Research Square in 2013, which were initially slow to be adopted by the
scientific community. Then, at the onset of the pandemic, there was a rapid increase in the
number of preprints on the repositories in April 2020 (Fraser, Brierley, et al., 2021). This is
notable because there has been no tradition of posting preprints or working papers in the life
sciences, as there is in other disciplines such as physics or economics (Chiarelli et al., 2019).

Objectives

Against this background, we have investigated the experiences of scientists who posted
preprints during the COVID-19 pandemic. In addition, we sought to gain insights into whether
this proliferation of preprints in the life sciences - after having a pandemic bringing an external
shock to the scholarly publication system - has marked the beginning of a cultural shift
regarding posting of preprints or whether it is a temporary phenomenon. This leads us to the
research question: What is the impact of COVID-19 preprint practices on scholarly publishing
behavior? In particular, we are interested in whether the COVID-19 effect on the number of
preprints is sustainable and whether authors intend to continue to post preprints after the
pandemic. It is also interesting to see whether preprint publication behavior is comparable to
that happening during previous health crises. In addition, we wanted to find out whether such
“external shocks” are more effective drivers of open access than, for example, mandates. Also
we investigated what motivated authors to post preprints during the COVID-19 pandemic.
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This research in progress-paper presents preliminary results from an online quantitative survey
conducted in September 2022 to learn about researchers' experiences with preprint posting
during the COVID-19 pandemic. This is research in progress, because only descriptive statistics
can be presented at this point of the analysis. Further bibliometric analysis based on the survey
supplemented with preprint, citation, and altmetrics analysis will follow to generate further
insights into the impact of preprints in the COVID-19 pandemic.

Methods and data

To gain initial insights to answer our research question, we conducted a quantitative survey of
authors of COVID-19 related preprints in September 2022. The 25 survey questions were
grouped into five parts: a) experiences with posting preprints during the COVID-19 pandemic,
b) motivations for posting preprints, ¢) concerns about posting preprints, d) role of research
institutions or research funders and e) future development. The survey contained single and
multiple choice questions, partially supplemented by a free text-option.

To automatically extract preprint data from open data sources (e.g., Crossref and DataCite) a
preprint tracker was developed based on keyword queries (Fraser & Kramer, 2020). We thus
extracted COVID-19 related preprints from bioRxiv, medRxiv, and Research Square. For
bioRxiv and medRxiv, we extracted 24,436 COVID-19 related preprints for which we obtained
51,335 email addresses by scraping from repositories websites. After cleaning, 22,219 email
addresses from bioRxiv and medRxiv remained. Two thousand additional email addresses from
among a total of 11,194 randomly selected COVID-19-related preprints on Research Square
were manually collected, for which we could not find an automated solution. Finally, we sent
the survey to 24,219 authors of COVID-19 preprints. In the end, we received 1,131 completed
responses (response rate: 4.9%), which formed the basis for our analysis.

The majority of respondents came from the United States (25%), followed by the United
Kingdom (10%) and Germany (7%). India, Canada, Spain, Italy and France were next in line.
Using the Frascati Classification on Science and Technology (OECD, 2002) for self-assignment
of disciplines, 666 respondents stem from the medical sciences, followed by 202 from the
natural sciences, 101 from the social sciences and 81 from engineering and technology. The
response to the question “How many years have you been doing research?”” show that there are
many respondents with quite long research experience. 407 respondents reported doing research
for five to 14 years (36%), 306 for 15 to 24 years (27%), and 298 for more than 24 years (26%).
776 respondents were from universities, 240 from non-university research institutions.

Results

Experience with posting preprints during the COVID-19 pandemic

To learn whether the researchers had experience posting preprints prior to the COVID-19
pandemic, we asked them, “When was the first time you posted a paper on a preprint
server/repository?” The vast majority (69%) reported posting a preprint for the first time during
the pandemic (i.e., in the years 2020, 2021 and 2022; Table 1).
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Table 1. First time of posting a paper on a preprint server/repository.

FirstTime count  FirstTime percent
Before 2020 347 30.7%
During 2020 480 42.4%
During 2021 252 22.3%
This year 50 4.4%
N/A 2 0.2%
Sum 1131 100%

We also asked, “How many preprints have you posted since the pandemic?” 81% said that they
had published one to five preprints since the pandemic outbreak, and about 6% even said that
they had published 10 or more preprints. In one of the survey questions, we asked for
comparison with previous pandemics. Only 76 respondents answered, while 1055 respondents
skipped the question. 1.8% of respondents have posted preprints on the ZIKA virus, 1.3% on
Ebola virus, and 0.7% on swine flu. This hints towards preprints having not played any role in
previous health crises. In addition, we wanted to learn more about the researchers’ experiences
with posting preprints during the COVID-19 pandemic, particularly in terms of visibility and
citations received from the scientific community, attention from the broader public and media,
and social media (Figure 1). About 65% (strongly) agreed that their preprints were particularly
visible to the scientific community during the pandemic. 47% (strongly) agreed that their
preprints received a lot of attention from a broad audience and/or the media, and that their
preprints were shared more frequently via social media. Finally, 43% (strongly) agreed that
their preprints were cited more frequently during the pandemic.

Public/media |G 358 323 209 Bao
Social media [ 370 396 152 SR
citations [ EEN 335 419 168  [HED
Visibility | 232 | 502 270 98 B
0% 10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

Agree strongly Agree Neutral Disagree ® Strongly disagree N/A

Figure 1. Experience with posting preprints during the COVID-19 pandemic in terms of
visibility in the scientific community, the broader public/media, and social media.

Furthermore, we were interested in other potential benefits that researchers experienced from
posting preprints during the pandemic, namely availability, public discussions, collaboration,
journal invitations, and quality of preprints (Figure 2). Most researchers agreed that posting
preprints during the pandemic was essential to make their findings directly available to other
researchers (84% agreed/strongly agreed) as well as to society, which 67% (strongly) agreed to
be essential. Nearly 50% (strongly) agreed that posting preprints led to invitations by journal
editors to publish their preprint in an academic journal, and 45% indicated that it encouraged
collaborations with other researchers. Diverging experiences were found for whether posting
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preprints during the pandemic helped to ensure the quality of their publication: 30% (strongly)
agreed and 30% (strongly) disagreed, respectively.

Quality of preprints [IGEHIIZZZN 444 252 a2
Journal Invitations |GG 198 243 121 7
Collaboration  [INSSHNNENNESS 379 190 oo
Public Discussion [N 252 90 %

Availability | s
0% 10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

M Agree strongly M Agree Neutral Disagree M Disagree strongly ®N/A

Figure 2. Experience with posting preprints during the COVID-19 pandemic in terms of
availability, public discussions, collaboration, journal invitations, and quality of preprints.

In addition, we were interested in whether there is any content quality control of preprints and
where this takes place. About 57% of the respondents answered that there is always some kind
of content quality control before their preprints are posted on a preprint server/repository. If we
add the 13% of respondents who answered that content quality control sometimes occurs, we
can say that about 70% of preprints go through at least some kind of quality control. 56%
reported that the quality control takes place in their research group, 43% answered that it
happens on the preprint server.

Motivations for posting a preprint

By far the most important motivation for researchers to post a preprint is to increase awareness
of their research (76%). The second most important motivation for posting a preprint was to
“stake a claim on my findings” (52%). Responses to “receive early feedback™ are fairly
balanced. For some it is a motivation, for others it is not. Promoting research collaborations and
publishing more detailed versions of a paper were not strong motivations.

Concerns regarding posting a preprint

Lack of quality assurance (45%) and the risk of the media reporting incorrect results (42%) are
the most commonly reported concerns about posting a preprint on a preprint server. In addition,
only 15% of respondents stated that: “A manuscript should only be published in a scientific
journal if its content has not yet been posted as a preprint”. Conversely, this means that 85% of
the respondents answered that the “Ingelfinger rule” no longer applies. Furthermore, only about
10% of respondents answered that comments and feedback are generally not helpful.

Role of research institutions and research funders

To examine the role of research institutions and funders during the pandemic, we asked whether
it was necessary for researchers to comply with an institution’s or funder’s open access/preprint
policy regarding preprint publication. 77% of respondents indicated that it was not necessary.
And 81% pointed out that this was also true for funding agencies. Very few researchers reported
that research funders or their own institution facilitated preprint publication.
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Future development and sustainability

To answer our research question above, we are interested in whether the increase in posting
preprints is sustainable and how it will develop in the future. To investigate this, we asked
researchers if they intend to post their scholarly work on preprint servers/repositories in the
future. 23% responded that they will post all of their future work, and 56% will post some of
their future work. In addition, we asked about the drivers that researchers believe are causing
the increased posting of preprints in their field (Figure 3). 78% (strongly) agreed with the
statement that external shocks are powerful drivers. In comparison, only 46% (strongly) agreed
with this statement regarding mandates or policies and even less regarding the disciplinary
culture. More generally, we were interested in what the researchers thought about a cultural
shift in publishing behavior in their field, namely whether posting preprints on a server will
become common practice in their field, to which 67% (strongly) agreed. More specifically, we
asked whether overlay journals could be a solution to combine the advantage of early access
with improved quality control. 61% of respondents (strongly) agreed.

Disciplinary culture HES 304 463 216 587

Mandates/policies are powerful drivers [IIEIISH 377 393 159 HE8e
External shocks are powerful drivers | - 392 ! 494 146 63 I8
Overlay | 191 503 331 70 BB

Syr common practise | 251 ! 507 222 122 B

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Strongly agree Agree Neutral Disagree M Strongly disagree N/A

Figure 3. Sustainability of posting preprints in the future.

Discussion

We aim at understanding the impact of COVID-19 on preprint practices and on scholarly
publishing behavior. In this regard, we found that there are early indications that the COVID-
19 pandemic has triggered a significant increase in the number of preprints, which, while not
remaining at the same level, seems to be translating into a sustained change in publication
behavior in the life sciences. From our survey, the vast majority (69%) posted a preprint for the
first time during the pandemic. This is consistent with other studies that have shown an increase
in preprints at the beginning of the pandemic (Fraser, 2021; Waltman et al., 2021). The survey
results also clearly show that preprint posting behavior is not comparable to that from previous
health crises where only few respondents published preprints to disseminate results quickly.

Furthermore, with 79% of respondents indicating that they will post at least some of their future
work, which was also found by others (e.g. Waltman et al., 2021). Thus, we have preliminary
evidence that authors who posted preprints during the COVID-19 pandemic will continue to do
so. However, respondents reported good experiences with posting preprints, e.g. many
researchers experienced that their preprints were particularly visible during the pandemic. They
pointed out the importance of making their findings directly available to other researchers,
which has been shown in other studies (Fraser et al., 2022; Waltman et al., 2021).
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We can conclude that the “external shock” related to COVID-19 has been the most effective
driver of open access from the perspective of the responding researchers. It was stronger than
mandates, as respondents predominately indicated that they did not have to comply with
institutions’ or funders’ policies during the pandemic. In addition, many confirmed that pre-
publication as a preprint does not stand in the way of publication in a journal. In terms of future
developments, it is also interesting to note that almost 50% of respondents (strongly) agreed
that posting preprints during the pandemic led to invitations from journal editors to publish their
preprint in a scientific journal. This could be an indication of the greater emergence of overlay
journals (Rousi & Laakso, 2022). But, it could also be that there are more (sometimes of lower
quality or predatory) journals that offer to publish preprints without peer review in exchange
for an article processing charge. Further research is required here.

In addition, we found differing opinions about whether publishing preprints improves the
quality of research. As others have found, there are concerns about quality control as well as
the presentation of scientific information to the public that has not undergone peer review
(Fraser et al., 2022; Penfold & Polka, 2020). However, 70% of respondents pointed out that
preprints are subject to at least some content quality control carried out by the scientific
community. Considering that a lack of quality control is one of the main reasons for concerns
about preprint publishing, we find this result quite remarkable. It might be interesting for further
research to learn more about how exactly this quality control occurs.

Conclusion

The COVID-19 pandemic was a powerful driver of preprint publication in the life sciences.
Although external shocks have been more effective in driving change, the survey respondents
believed that mandates and policies could support this development in the future as can different
publication models such as overlay journals. Further research would need to investigate whether
there are correlations between responses and demographics, especially with countries,
affiliations, and years of research activity. In addition, free text responses from the partially
supplemented open categories in the questions should be analyzed for further insights, for
example, regarding motivations and concerns for posting preprints. And finally, an output
analysis of preprints during the pandemic will be conducted to examine the sustainability of the
COVID-19-shock. Complemented by a citation and altmetrics analysis, we aim to explore the
impact of the COVID-19 pandemic on citation and online dissemination practices for preprints.
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