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Abstract

Right from the first months of the Covid-19 pandemic, an unprecedented level of preprint use was observable —
both by researchers as a format to publish findings and by non-academic stakeholders (e.g., journalists) as a source
for information on recent science. From the scientometric perspective, this changed role of preprints within science
communication evokes questions of whether effects of article preprinting on bibliometric and scientometric impact
indicators also changed. This case study analyzes the development of citations and five altmetric indicators for a
dataset of 12,138 Covid-19-related articles, half of which had previously been published as a preprint and half of
which had not. Preliminary results indicate significant metric advantages for preprinted articles, with weaker
effects regarding mentions in news, tweets, and blogs, and moderate effects concerning the articles’ later citation
counts and Mendeley readerships. Compared to similar recent studies on preprinted articles’ relative citation
advantages before the pandemic, the effects observed in our case study are substantially larger. However,
methodological and data-related differences between the studies complicate direct comparisons, which needs to
be addressed in our future work to arrive at more robust conclusions about how the transformation of the preprint
culture witnessed during the Covid-19 pandemic affected impact metrics.

Introduction

Concerning the system of scholarly communication, one of the most vividly discussed apparent
effects of the Covid-19 pandemic is the rise of the preprint as a medium for the fast transmission
of research findings. After the first four months of the pandemic, more than a third of the almost
20,000 research articles published on Covid-19 were preprints (Fraser et al., 2021). This
increased prominence of preprints also triggered vibrant discussions on their adequacy as
instruments for the dissemination of research to non-academic audiences (Watson, 2022). On
the one hand, several positive examples of preprints can be named that effectively served the
purpose of informing public-health policies with beneficial novel research findings with a much
higher velocity than formal publications could have (e.g., He et al., 2020; Hellewell et al.,
2020). On the other hand, despite all evident advantages of the speed with which preprints
helped to make latest scientific insights available, especially during early stages of the
pandemic, there are also many examples that dampened the euphoria about preprints as a quick
and uncomplicated medium for the publication of research. The cases of several flawed preprint
publications demonstrated how difficult it can be to eliminate deprecated or retracted findings
from the public discourse once they have spread (Watson, 2022), even if they are evidently
disproved.

Preprints’ increased prominence leads to many further questions about their new role within
science communication. From a scientometric perspective, one aspect of particular interest is
how preprinting articles affects their later attention as measured by bibliometric or altmetric
indicators, which are commonly used as the metric basis in quantitative evaluations of
research’s relevance. Previous studies have already found articles with preprints to receive more
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citations and altmetrics (Fraser et al., 2020; Fu & Hughey, 2019); however, we argue that the
apparently changed role in research dissemination that preprints occupied during the Covid-19
pandemic warrants to analyze whether their associations with such impact indicators changed
as well. Moreover, with the increased attention that preprints appear to now also receive within
journalistic spheres (Watson, 2022), it might reasonably be assumed that for non-scientific
stakeholders (e.g., journalists, the general public), during the pandemic preprints fulfilled a role
similar to other, more traditional formats for informing non-academic audiences about new
research findings, i.e., press releases or embargo e-mails (Kiernan, 2003). Case studies have
shown articles’ promotion within those formats to be associated with substantial increases in
later citations and altmetrics as well (Chapman et al., 2007; Dumas-Mallet et al., 2020; Lemke,
2020; Lemke et al., 2022). If preprints during the pandemic indeed had a function similar to
press releases (i.e., by focusing journalistic and public attention towards certain scientific
studies), analogical effects on impact metrics are to be expected. This case study in progress
aims to systematically investigate these hypothesized effects.

Methods and data

For the collection of publication data we rely on Dimensions. To identify Covid-19-related
preprints and their resulting formal publications, we query the database via its API endpoint.
We search over titles and abstracts for the string "201/9-nCoV" OR "COVID-19" OR “SARS-
CoV-2" OR "HCoV-2019" OR "hcov" OR "NCOVID-19" OR 'severe acute respiratory
syndrome coronavirus 2" OR "severe acute respiratory syndrome corona virus 2" OR
“coronavirus disease 2019 OR (("coronavirus" OR "corona virus") AND (Wuhan OR China
OR novel))'. To clearly delineate our dataset and achieve meaningful citation windows, we limit
the search for preprints to publication year 2020, the search for resulting formal publications to
publication years 2020 and 2021. In our first query we filter for records with type=preprint,
which led to the retrieval of 33,402 unique DOIs belonging to Covid-19-related preprints. We
subsequently use the data from those records’ resulting publication doi-fields to query for
formal publications resulting from these preprints, which led to 7,167 unique DOIs of formal
publications resulting from the 33,402 preprints.

Next, we construct a control group of Covid-19-related articles from the same journals (matched
via ISSNs) and publication years without any known preceding preprint. To do so, we again
use the search string above, this time filtering for publications of #ype!/=preprint. From the
resulting set of potential control group articles we remove the 7,167 DOIs for which we know
of preceding preprints. Then, for each of our 7,167 preprinted Covid-19-related articles (the
‘case group’), we add one random article with according publication year and ISSN from the
pool of potential control group articles to the control group, without putting back. Not for all
case group DOIs a valid control group DOI could be found this way (we assume journals that
published more preprinted Covid-19 articles than non-preprinted Covid-19 articles in the
respective years to be the main cause for this; for instance, 52.19% of the preprinted articles
without a valid control group counterpart were published by JMIR Publications, which feature
a policy of automatically creating a preprint landing page for each manuscript submitted to one
of their journals'’). Thus, the procedure leads to a control group of 6,069 unique DOIs. To keep
our case and our control group as comparable as possible, we restrict our further analysis to the
respective 6,069 pairings of articles, leading to a final dataset of 12,138 articles, half of which
were preprinted, and half of which were not.

We analyze the association between articles having a preprint and their later metrics visually
using boxplots, and test for the statistical significance of differences by applying the Mann-
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Whitney-U test. Effect sizes are reported as Glass’ rank-biserial correlation coefficient rb
(Glass, 1966).

All publication metadata and citation counts reported in this study were retrieved from the
Dimensions API, altmetric counts were retrieved per DOI from the API of Altmetric.com. We
focus on five particularly prominent altmetric indicators that receive comparatively high usage
and attention in research, mainly due to their relatively high rates of coverage and density
(Haustein et al., 2015): mentions in blogs, on Facebook, in news media, in tweets, and
Mendeley readership counts. For articles for which no records on Altmetric.com were found,
altmetric counts were considered zero. Queries were carried out in August 2022. The python

scripts used for data collection are available online', All statistical analyses were carried out
using R (R Core Team, 2023).

Preliminary results and discussion

Table 1 shows means, medians, and maximums of individual metrics across the two groups of
articles, as well as the relative shares of articles with zero instances of a respective metric.
Regarding all means, medians, and maximums, the group of preprinted articles shows equally
high or higher values than the group of articles without preprint, apart from a single exception
(maximum number of tweet mentions). The shares of articles with a count of zero regarding
individual metrics, on the other hand, is in all cases larger for the control group. Figure 1 depicts
the differences between metric counts of both article groups as boxplots.

Table 1. Descriptive statistics of metrics’ distributions in both article groups.

Case Mean Median  Max % 0’s | Control | Mean Median Max % 0’s
Blogs 0.92 0 120 75.02| Blogs 0.46 0 38 82.52
Citations 88.84 20 19,849 2.74| Citations | 36.96 9 7,395 10.25
Facebook 0.47 0 94 82.98| Facebook | 0.35 0 66 83.56
Mendeley | 180.16 87 21,190 9.31 | Mendeley | 103.85 50 9,024 16.10
News 8.63 0 1,055 60.21| News 4.61 0 544 70.21
Twitter 167,75 7 23,751 11.73| Twitter | 87.51 4 29,850 18.22

In Table 2 the results of Mann-Whitney-U tests (test statistic U, p-value, and effect size rb) for
median differences between the two article groups are shown. In all cases besides mentions on
Facebook, differences between the two article groups are significant. Small effect sizes can be
seen between articles being preprinted and their later mentions in tweets, news, and blogs,
medium sized effects concerning their later citations and Mendeley reader counts.

Table 2. Significances and effect sizes of median differences between both article groups.

Metric U p rb

Blogs 16946324  <.001 0.080
Citations |12902286  <.001 0.299
Facebook | 18249795  0.184 0.009
Mendeley | 13607813  <.001 0.261
News 16358710  <.001 0.112
Twitter |16005425  <.001 0.131
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Figure 1: Box plots of metric counts for Covid-19-related articles with and without preprint;
jitter plots above indicate the degrees to which outliers to the top affect individual metrics.

Conclusions

Our results of the comparative analysis of metrics for 12,138 Covid-19-related research articles
with and without preprint version suggests advantages for preprinted articles regarding all
observed metrics, although the apparent differences in Facebook mentions are not statistically
significant. While these ‘preprint advantages’ appear only weak for mentions in news, tweets,
or blogs, the associations between an article being previously published as a preprint and its
later citations and Mendeley reader counts are more substantial. Comparing our results to those
from similar recent studies on preprints’ positive effects on later citations and altmetrics
conducted by Fraser et al. (2020) and Fu & Hughey (2019) for pre-pandemic periods suggests
that advantages on citations might have increased further since the pandemic. While Fu &
Hughey (2019) report 36% higher citations and Fraser et al. (2020) 63% higher citations for
preprinted articles, the average citation advantages observed in our study are even stronger,
with a median-based advantage of 122% and a mean-based advantage of 140% for the case
group of preprinted articles. However, substantial differences concerning used data sources,
sampling, and methods of analysis restrict the comparability of our preliminary results with
those from aforementioned previous studies. Our future work shall account for such differences
by more closely reproducing the conditions of previous studies to enable more robust
comparisons, ultimately leading to more profound insights on how preprint-related metrics
advantages changed during the Covid-19 pandemic. Furthermore, we aim to perform
comparisons of the apparent preprint-related metric advantages between the Covid-19-related
article groups we already collected and other biomedical article groups from the same time
without thematic connection to the pandemic.
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Our study’s results contribute to a fuller understanding of the role that preprints have taken
within the system of science communication during the Covid-19 pandemic. Also, they
highlight the significance of preprints as a factor in quantitative scientometric assessments of
articles’ impact metrics.

This research in progress comes with several limitations. First, the observational nature of this
case study prevents us from concluding causalities between articles also being published as
preprints and their later metrics. After all, preprints might also just be indicators for articles that
would have received higher citations and altmetrics in any case, regardless of the preprint itself,
for instance due to certain specific inherent qualities. Furthermore, the unique case that is the
Covid-19-pandemic means that our findings on preprint-related metric advantages cannot
safely be generalized to other timeframes or disciplines. Also, our approach of identifying
preprints based on Dimensions data will likely have led to a slight underestimation of the actual
number of relevant preprints; see for instance Fraser et al. (2020) for methods on how to further
increase the dataset via web scraping from preprint repositories (e.g., medRxiv and bioRxiv) or
fuzzy matching between preprints’ abstracts and publication data from for instance Scopus or
Web of Science. Such methods will be incorporated into our future continuations of this study,
as will be the analysis of effects of articles receiving preprints on their later metrics using
regression models that account for a more diverse range of potential confounding variables,
e.g., geographic regions of author affiliations, author numbers, or numbers of references (see
also Fu & Hughey, 2019).
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