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Abstract
In order to be able to provide thorough and timely coverage on the most recent scientific 
research, science journalists frequently rely on embargoed information sent to them by 
publishers of scientific journals. In such embargo e-mails, publishers purposefully bring 
selected upcoming releases to the journalists’ attention a few days in advance of their pub-
lication. Little is known on how this early highlighting of certain research articles affects 
their later citations or altmetrics. We present an exploratory case study with the aim of 
assessing the effects of such promotion activities on scientific articles’ bibliometric and alt-
metric indicators. In a treatment–control design, we analyze citation counts and eight types 
of altmetrics of 715 articles published between 2016 and 2017 whose DOIs have been 
mentioned in embargo e-mails and compare these to articles from the same journal issues 
that have not been highlighted in embargo e-mails. Descriptive statistics and Mann–Whit-
ney-U tests reveal significant advantages for promoted articles across all regarded metrics 
three to four years after their publication. Particularly large differences can be seen regard-
ing numbers of mentions in mainstream media, in blogs, on Twitter, and on Facebook. Our 
findings suggest that scholarly publishers exert significant influence over which research 
articles will receive attention and visibility in various (social) media. Also, regarding utili-
zations of metrics for evaluative purposes, the observed effects of promotional activities on 
indicators might constitute a factor of undesirable influence that currently does not receive 
the amount of consideration in scientometric assessments that it should receive.

Keywords  Embargo e-mails · Science journalism · External science communication · 
Scholarly communication · Altmetrics · Citations

Introduction

Staying informed about new developments in their field is an integral part of most research-
ers’ everyday work. For them, the most common media from which to learn about new 
research findings will usually be academic journals, books, or conferences, depending on 
the field at hand. However, just like the general public, researchers also consume mass 
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media, in which mediators from outside of the scientific community–typically journal-
ists–communicate recent research findings (Kiernan, 2003a; Phillips et al., 1991).

In addition to universities and research institutions, which, amongst others, distribute 
new research findings via press releases, scholarly publishers occupy a key role in the dis-
semination of science via mass media. They regularly provide journalists with prepared 
summaries of selected new research articles in advance of their publication, so that the 
journalists have some days to prepare their coverage on said articles (Kiernan, 1997). 
These in advance-summaries are sent to the journalists under embargo, meaning their con-
tents are only allowed to be published further after a date specified by the scholarly pub-
lisher has passed. This way, releases of research articles and their journalistic coverage are 
synchronized. So while journalists benefit from the embargo system by being enabled to 
publish well-prepared reports on recent science at the earliest possible date, publishers ben-
efit from increased control over the timing of their articles’ publicity. Moreover, through 
the selective provision of embargo information, publishers exercise a strong influence on 
which scientific findings can be covered timely and comprehensively in newspapers, televi-
sion, radio broadcasts, and other forms of mass media (Kiernan, 1997, 2003a). Kiernan 
(1997) provides a historical overview over the embargo system’s origins and, from review-
ing past literature, concludes that it gives editors of scientific journals considerable power 
over what is regarded as scientific news and when mass media can report on it. Although 
in recent years, new platforms for the early publication of research (e.g., preprint reposito-
ries) might subvert this power by providing journalists with additional ways of obtaining 
early insights on recent findings, the embargo system is still in place as one of the essential 
channels for scholarly publishers to distribute new research to journalists (see also Franzen 
(2012), Kiernan (2003b)). In a survey sent to the editors of 120 medical journals, Kiernan 
(2014) found 67% of the respondents to report that their journal would regularly offer jour-
nalists some kind of press material on new publications under embargo. Asked for reasons 
that would justify the embargo of journal articles, surveyed editors most commonly stated 
that embargos would be helpful to ensure that media coverage coincides with respective 
articles’ publication and that they would help to ensure high-quality press coverage.

Several past studies examined the relationship between external science communi-
cation (i.e., the communication of research via channels not primarily aimed at other 
researchers, e.g., in news media) and how it affects research articles’ later scientific 
impact, i.e. in terms of the number of citations. Phillips et al. (1991) for instance exam-
ined whether articles from the New England Journal of Medicine that had been fea-
tured in the New York Times (NYT) have received higher citation numbers than similar 
articles that had not been featured. They found that the former group did receive sig-
nificantly higher citations, particularly in the first year after publication. Interestingly, 
this was not the case for research articles featured in NYT stories published during a 
period of strike, in which respective NYT issues were not distributed. For Phillips et al. 
(1991) these results support the ‘publicity hypothesis’, which assumes that media cover-
age genuinely increases a scientific article’s visibility and thereby likelihood of being 
cited (as opposed to the ‘earmark hypothesis’, which hypothesizes that media coverage 
merely ‘earmarks’ outstanding articles which would have received many citations any-
way). Kiernan (2003a, p. 4) suspected that Phillips et al. might have “ascribed an elite 
status to Times coverage of scholarly research that may not exist”, by not addressing 
that coverage by other media outlets might also influence scientists’ reliance on cer-
tain research articles. To address this, Kiernan (2003a) did an analysis additionally tak-
ing into account the effects of coverage in twenty-four daily newspapers and the even-
ing broadcasts of three major television networks from the United States. The author 
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found NYT coverage to not correlate significantly with citation rates once coverage by 
television and other newspapers is taken into account, suggesting that the NYT does 
not have unique influence as a disseminator of news about research to scholars. Even 
more recently, Fanelli (2013) tried to verify the publicity hypothesis for journal articles 
featured in British and Italian newspapers and found that the publicity effect is much 
stronger for English media, while publicity effects from Italian media are primarily 
local, i.e. mainly affect Italian authors.

Similarly, some studies specifically analyzed press releases as an instrument used by 
research institutions and scholarly publishers to communicate new research. In a quantita-
tive content analysis of press releases, related journal articles, and news items on biomedi-
cal and health sciences, Sumner et al. (2014) found exaggerations in news to be strongly 
associated with exaggerations in press releases, concluding that improving accuracy of 
press releases might be a promising approach to reducing misleading news on health sci-
ences. In a later study, Sumner et al. (2016) further investigated the relationship between 
mentions of caveats and exaggerations in journal articles and press releases and journal-
istic uptake. The study’s findings suggest that press releases are frequently the source of 
both stated caveats and exaggerations concerning the reported research, but neither of the 
two seems to significantly affect the likelihood of news coverage. Stryker (2002) coded 
a sample of 95 journal articles from medical sciences for characteristics related to news-
worthiness, examining their relationship to the articles’ later amount of newspaper cover-
age, additionally considering whether respective articles were featured in press releases. 
The author found both newsworthiness and press release coverage to predict later news-
paper coverage. In a similar vein, two previous studies had shown that about 80% and 
84% respectively of research articles that get newspaper coverage had appeared in a press 
release beforehand (de Semir et al., 1998; Entwistle, 1995). Stryker (2002) however notes 
that the apparent effect of press releases on later newspaper coverage is reduced substan-
tially when controlling for factors of newsworthiness. Complementing previous studies on 
the relationship between media coverage and citation rates, Chapman et al. (2007) did an 
analysis of the association between receiving a press release and the later citations and 
usage metrics of research articles from the journal Tobacco Control, finding press-released 
articles to receive more web hits, pdf downloads and citations than their counterparts with-
out press releases.

On another note, concerning the point of intersection of science press releases and alt-
metrics, Bowman and Hassan (2019) examined EurekAlert!–an online science news ser-
vice maintained by the American Association for the Advancement of Science–regarding 
the way scientific research is referenced in its news releases and regarding its presence 
across social media platforms. They found EurekAlert! to be the second most active source 
of Altmetric.com data for news releases, while showing only minimal activity on social 
media platforms. Moreover, Bowman and Hassan (2019) found that only a small share 
(18%) of EurekAlert! news releases referenced scientific research by DOI.

To briefly summarize, our review of past research on the relationship between external 
science communication and promoted articles’ later metrics has shown that several case 
studies indicate an association between being selected for a press release or covered by 
news media and higher citations (Chapman et  al., 2007; Fanelli, 2013; Kiernan, 2003a; 
Phillips et al., 1991) as well as usage metrics (Chapman et al., 2007) for respective research 
articles. In this exploratory case study, we aim to add to this body of research by (1) 
describing a previously under-analyzed, usually hard to obtain format of research promo-
tion in the form of scholarly publishers’ embargo e-mails to journalists, as well as by (2) 
also examining the relationship between such promotion and articles’ later altmetrics.
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Thus, in this exploratory case study we examine whether research articles men-
tioned in publishers’ embargo e-mails sent to journalists differ regarding the bibliomet-
ric and altmetric indicators they receive, compared to articles without said mention. 
To gain insights as to which fields are typically represented in embargo e-mails, we 
additionally analyze mentioned articles’ distribution across journals. We call this study 
exploratory, as it also represents the first steps to a higher-level goal of our ongoing 
research project, which is to arrive at a better understanding of the nature and extent of 
external science communication and its impact on research assessment practices.

Both citation-based indicators and altmetrics are often used as proxies for scientific 
productivity or relevance (Adie, 2016; Aksnes et  al., 2019; Waltman, 2016). Often-
times respective evaluations–at least if they are not conducted in a remarkably knowl-
edgeable and careful way–start on the premise that as long as two articles originate 
from similar fields of research, are published in outlets of comparable renown and 
are of similar scientific quality, they will have roughly the same probability of getting 
cited. Thus, as long as the most decisive factors like field of research, publication type, 
and publication venue are controlled for, citations would be a useful proxy for scien-
tific quality or relevance. From numerous past studies we do know however that factors 
affecting numbers of citations are manifold and diverse (see Tahamtan et  al. (2016) 
for a review). We argue that, under the assumption that the publicity hypothesis as 
described by Phillips et al. (1991) holds true, research’s promotion in external science 
communication would be such a factor that so far did not receive the scrutiny it would 
deserve. If articles’ individual metrics can be shaped by publishers’ promotional oper-
ations regardless of their scientific quality or merit, it seems of high importance to be 
able to inform users of such metrics about the degrees to which this might be the case.

The inclusion of altmetrics in this kind of study is of particular interest for two 
reasons. First, an argument frequently made in favor of altmetrics is that they might 
reflect a different form of impact than citations (Bornmann, 2014; Priem, Piwowar, 
and Hemminger 2012; Weller, Dröge, and Puschmann 2011; Wouters & Costas, 2012). 
Therefore, it is of interest to see whether altmetric indicators behave differently than 
citations in relation to press promotion, as this knowledge could help to further delin-
eate altmetrics’ potential benefit as complements to bibliometric indicators. Second, 
compared to citations, altmetrics more strongly blur the line between being the result 
and being part of promotional activities. Altmetrics that are frequently considered as 
indicators for received attention in many cases also directly include the amount of 
promotion undertaken to increase exactly this attention. For instance, measuring the 
tweets that mentioned a certain scientific paper will oftentimes mean to also meas-
ure tweets by publishers or involved authors, which were solely sent to advertise said 
paper (see also Haustein et al. (2014)). To be able to achieve a better understanding of 
this particular limitation of altmetrics, it therefore seems necessary to keep close watch 
over the relationship between manifestations of different altmetric indicators and pro-
motional activities in external science communication, like for instance the embargo 
e-mail promotion considered in this study. While this study is not designed to conclu-
sively settle the question regarding the degree to which altmetrics are comprised of 
advertising, it shall provide first numerical evidence to better describe how the promo-
tion of articles to journalistic channels and the activity surrounding respective articles 
on platforms used as altmetric sources are connected.
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Methods and data

We compare two groups of articles regarding the metrics they received since their publica-
tion in 2016 to 2017–a treatment and a control group. Both groups coincide in regard to 
their individual articles’ journals and dates of publication, but the treatment group consists 
of articles that have been mentioned in embargo e-mails, while the articles from the control 
group have not. We measure attention as citations as measured by Web of Science and in 
the form of eight types of altmetrics provided by Altmetric.com.

Publishers’ embargo e-mails are no openly accessible data source–there is no such thing 
as a public archive gathering them, and building up a dataset of embargo e-mails is not 
trivial as usually accredited journalists are their only recipients. We rely on data from the 
Science Media Center Germany (SMC) (see also Rödder (2015)) to identify research arti-
cles with mentions in embargo e-mails. The SMC is a non-profit and editorially independ-
ent institution that supports journalists in reporting on science-related topics. One of its 
most important services is to send out statements by scientific experts commenting on new 
scientific findings while they are still under embargo. The SMC started its work in 2016 
and since then has accumulated an archive of over 90,000 e-mails containing press materi-
als, 2,638 of whom were identified as embargo e-mails. These embargo e-mails contain 
information about one or more upcoming articles in either one journal or several journals 
belonging to the same publisher. The SMC was founded by experienced science journal-
ists, who specifically aim to monitor as many journals as possible that publish articles 
under embargo. Therefore, we can be confident that the SMC’s archive contains a large 
part of all embargo e-mails sent to journalists. However, the SMC does have a focus on 
topics deemed “public issues” by its staff, e.g. topics affecting particularly large parts of 
society like medicine, climate change, or artificial intelligence. Hence, the archive and the 
algorithms extracting the embargo e-mails might be biased towards these topics. Also, the 
archive and the software doing the extraction were not constructed with a scientific analy-
sis in mind, but rather as a tool to support the resident journalists. Due to these character-
istics of the SMC’s archive, we consider our undertaking to be a case study, as we cannot 
guarantee our sample’s representativeness for the entirety of scholarly publishers’ embargo 
e-mails. We hope, however, that the case study will shed light on the general characteristics 
of embargo e-mails and their relationship to citations and altmetrics.

We identified mentions of research articles in the extracted embargo e-mails by search-
ing the archive for Crossref’s recommended regular expression for DOIs.1 This is a fairly 
strict criterion for determining whether an article appeared in an embargo e-mail, as in 
many cases in embargo e-mails articles are not referred to by identifiers. However, a less 
strict search based on articles’ metadata seemed hardly to be an option–typically, titles used 
in embargo e-mails are preliminary or shortened, the amount of detail with which other 
metadata like author names are included varies substantially between publishers. Further-
more, for our study high precision seemed to be of particular importance–after all, the total 
population of articles that get promoted in an embargo e-mail will surely be much smaller 
than the population of articles that do not get this specific kind of promotion. Thus, using 
less restrictive criteria for determining if an article has been referenced in an embargo 
e-mail comes with a high risk of adding false-positives to our treatment group. The Figs. 1 
and 2 show exemplary excerpts of two embargo e-mails sent by different publishers to 

1  https://​www.​cross​ref.​org/​blog/​dois-​and-​match​ing-​regul​ar-​expre​ssions/.

https://www.crossref.org/blog/dois-and-matching-regular-expressions/
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illustrate the e-mails’ heterogeneity regarding structure and level of detail of the informa-
tion included.

As we wanted to perform citation analysis of articles mentioned in embargo e-mails, to 
achieve appropriate citation windows we only considered articles that according to Cross-
ref were published either in 2016 or 2017, the first two years since the SMC started archiv-
ing embargo e-mails. In addition to this treatment group of articles published in 2016 or 
2017 that were mentioned in embargo e-mails from the SMC’s archive, we constructed 
a control group of comparable articles that had not been mentioned in embargo e-mails. 
For every article in the treatment group, this control group consisted of one randomly cho-
sen article published in the same month, year, and journal and that itself was not already 
part of neither treatment nor control group. Publication dates, journal affiliations, and DOIs 
of control group articles were obtained from Crossref’s REST API.2 For further analysis, 

Fig. 1   Excerpt of an embargo e-mail by a scholarly publisher–example A

Fig. 2   Excerpt of an embargo e-mail by a scholarly publisher–example B

2  https://​github.​com/​Cross​Ref/​rest-​api-​doc.

https://github.com/CrossRef/rest-api-doc
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journals’ field categories were retrieved manually via web search, with Web of Science’s 
Master Journal List3as a primary source, and then matched to Web of Science research 
areas.4 Quantitative data on journal-level was obtained from Incites Journal citation 
reports5 (JCR).

We obtained citation data for all articles from both groups from the Competence Centre 
for Bibliometrics,6 which hosts bibliometric databases (which we from here on will call 
‘CCB databases’) built on data from Web of Science. Altmetric data for all articles was 
obtained from Altmetric.com.7 All queries were made in July 2021. To maximize recall, 
DOI-based queries were also performed for all-uppercase and all-lowercase transforma-
tions of the DOIs. It should be noted that the CCB databases are updated once per year in 
summer to Web of Science’s state of calendar week 17, which means that the citation data 
retrieved in this study reflects the state of April 2020. Bibliometric and altmetric data was 
subsequently analyzed in R (R Core Team, 2020).

The regular expression search for DOIs in the SMC’s e-mail archive initially retrieved 
1,638 unique DOIs. After both automatic and manual cleansing of the data, 1,456 unique 
DOIs remained (the removed records for the most part consisted of false-positives returned 
by the extraction script, i.e. strings that did not include a real DOI known to Crossref). Of 
these, 715 referred to articles which had been first published in 2016 or 2017, according to 
Crossref. These DOIs form our treatment group.

Results

To get an impression of the disciplines represented in embargo e-mails of the sample 
used, we have a look at the journals the 715 articles from our treatment group were pub-
lished in (for the control group these numbers would be the same, as it contains exactly 
one counterpart from the same journal for every article from the treatment group). In 
total the articles were published across 78 different journals, with the numbers of arti-
cles per journal ranging from 1 to 77 articles (PLoS Neglected Tropical Diseases being 

Fig. 3   Distribution of treatment group articles across journals

3  https://​mjl.​clari​vate.​com/.
4  https://​images.​webof​knowl​edge.​com/​WOKRS​535R76/​help/​WOS/​hp_​resea​rch_​areas_​easca.​html.
5  https://​jcr.​clari​vate.​com/.
6  http://​www.​bibli​ometr​ie.​info/.
7  https://​www.​altme​tric.​com/.

https://mjl.clarivate.com/
https://images.webofknowledge.com/WOKRS535R76/help/WOS/hp_research_areas_easca.html
https://jcr.clarivate.com/
http://www.bibliometrie.info/
https://www.altmetric.com/
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the most heavily represented journal). The most prevalent publishers in the sample were 
PLoS (357 articles), BMJ (198 articles) and Springer Science and Business Media LLC 
(102 articles). Figure 3 shows how many journals are represented in the sample by how 
many individual articles each. These first findings indicate a heavily skewed distribu-
tion regarding the representation of individual publishers and journals in the embargo 
e-mails, with few high-profile outlets accounting for a large share of the communication 
captured by our sample.

Examining the 78 journals’ field categories as reported on the Web of Science Master 
Journal List reveals a strong representation of life sciences & biomedicine–71 of the 78 
journals primarily cover topics from this research area. Three of these cases are addition-
ally categorized as multidisciplinary, another three as also explicitly covering fields from 
social sciences. Six of the remaining 7 journals without explicit affiliation to life sciences 
& biomedicine were identified as multidisciplinary and most notably refer to certain prom-
inent mega-journals (e.g., Nature, PLoS ONE, or Proceedings of the National Academy of 
Sciences). The last remaining journal primarily publishes articles from the field of psychol-
ogy and is therefore categorized as primarily covering social sciences, when applying the 
Web of Science research areas. Out of the 78 journals in our sample, 9 were not found in 
the Incites JCR database (BMC Hematology, BMC Psychology, BMC Research Notes, BMJ 
Case Reports, Drugs and Therapeutics Bulletin, Heart Asia, Injury Epidemiology, Marine 
Biodiversity Records, and Trauma Surgery & Acute Care Open). Hence, we see that most 
but not all journals that send embargo e-mails are also indexed by the Web of Science.

The observed dominance of journals from life sciences and biomedical domains is in 
line with previous studies on the prevalence of certain scientific fields and topics in jour-
nalistic media like newspapers (see e.g., Elmer et al., 2008) or in scientific press releases 
(Hahn & Lemke, 2020). Due to the heavy representations of life science- and multidiscipli-
nary journals in our sample, we will regard these two categories in particular detail for the 
rest of our analysis.

Table 1 shows, for the journals in our sample with JCR records, journal impact factors 
(JIF), total numbers of cites and numbers of citable items, in 2016, our first year of obser-
vation, and in 2020, the most recent year with available JCR data. The table shows large 
ranges across all parameters for both life science and multidisciplinary journals, indicat-
ing that the sample contains journals that implement highly diverse publication patterns. It 
should be noted that regarding numbers of citable items especially the native open access 
outlets of prominent publishers (e.g., Scientific Reports, Nature Communications, PLoS 
ONE) stand out as featuring particularly high numbers, which are often also tied to high 
numbers of total cites. However, regarding total cites also some high-profile (non-open 

Table 1   Descriptive data on journals that published the articles in our sample of embargo e-mails

Indicator Life sciences & biomedicine (n = 71) Multidisciplinary (n = 9)

Min Mean Max SD Min Mean Max SD

JIF ‘16 1.48 9.01 72.41 12.07 2.81 12.80 40.14 11.13
JIF’20 2.15 11.80 91.25 16.36 2.52 13.38 49.96 13.84
Total cites ‘16 957 26,584 315,143 50,146.39 9,495 260,400 671,254 268,743.23
Total cites ‘20 140 38,260 464,351 73,702.64 1,017 407,735 915,925 368,105.76
Citable it. ‘16 54 293 1,998 332.57 172 6,351 22,077 8,726.17
Citable it. ‘20 15 330 3,266 481.69 121 5,432 21,222 7,405.05
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access) journals like Nature or the New England Journal of Medicine constitute outliers to 
the top.

To account for the substantial heterogeneity regarding expected average citations of the 
journals in our sample, we will also perform selected subsequent steps of analysis sepa-
rately for articles published in “higher impact journals” (HIJ) and “lower impact journals” 
(LIJ). To define these two groups we apply the method of characteristic scores and scales 
as introduced by Glänzel and Schubert (1988) with k = 2, based on the journals’ impact 
factors as reported in 2020. This procedure classifies 17 journals from our sample as HIJ, 
51 journals as LIJ, while 10 journals remain unclassified due to them not having a journal 
impact factor in 2020. On an article-level, our treatment and control group each consist of 
115 (16.08%) articles from HIJ, 581 (81.26%) articles from LIJ, and 19 (2.66%) articles 
from journals without journal impact factor in 2020.

If we measure the distribution of research areas across the 715 individual articles of 
our treatment group, we find that 594 (83.08%) of the articles were published in journals 
explicitly associated with life sciences & biomedicine, while 165 (23.08%) articles were 
published in multidisciplinary journals. Only 17 (2.38%) articles were published in one of 
the nine journals not covered by the Incites JCR.

Figure 4 shows the relations between articles from the two most prevalent discipline cat-
egories in our sample, life sciences & biomedicine and multidisciplinary, and their respec-
tive representation in higher and lower impact journals as a Venn diagram.

For 683 (95.52%) of the 715 articles from the treatment group Web of Science cita-
tion counts could be retrieved from the CCB databases, as was the case for 680 (95.10%) 
control group DOIs (the majority of DOIs for which no citation count could be retrieved 
belongs to articles from journals that were either not indexed in Web of Science or had 
only been indexed after the CCB databases’ latest update). On Altmetric.com, records 
were found for 714 (99.86%) treatment group articles, i.e. the article was mentioned at 

Fig. 4   Venn diagram of relations between articles of the treatment group published in life sciences-, multi-
disciplinary-, lower impact-, and higher impact journals
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least once on one of the platforms tracked by Altmetric.com, and for 677 (94.69%) of 
the articles in the control group. In analyses of altmetric counts, articles without records 
on Altmetric.com were assumed to have values of 0 across all altmetrics, as this should 
be the only regular circumstance under which an article with a valid DOI does not have 
a record on Altmetric.com.

It has been shown that on various types of altmetric sources only very few articles 
receive any mentions at all, which can complicate their usage (Thelwall, 2018). To get 
a first rough idea of individual altmetric indicators’ suitability for comparisons between 
the two groups of articles, the shares of articles in both groups that did not receive any 
mention in respective altmetric sources as provided by Altmetric.com’s API are pre-
sented in Table 2.

The shares of articles that received no attention at all are on all platforms higher in 
the control group. Particularly high differences (percentage-wise) between both groups 
can be found for mentions in mainstream media and on blogs. On Wikipedia, Reddit, 
and Youtube, the majority of articles from both groups did not receive any mentions. 
Group-wise comparisons based on these indicators should therefore be interpreted with 
caution, as only few articles are responsible for all measured differences.

To arrive at a more precise picture of the data’s structure, we next inspect correla-
tions between the metrics in our sample. Figure 5 shows the Spearman rank correlations 
(pairwise complete observations) for the metrics data of the combined set of 1,430 arti-
cles from treatment and control group.

Among mostly weak to moderate correlations (ranging from 0.18 to 0.43), some 
strong correlations stand out: first, mentions on Twitter, Facebook, mainstream media, 
and blogs all correlate strongly with each other; second, Mendeley readers correlate 
strongly both with Twitter mentions and citations from Web of Science for the articles 
in our sample.

Table  3 shows the means and standard deviations of citations and altmetric counts 
that articles from both groups received between their publication in 2016 or 2017 
respectively and our data collection. Comparing the means between treatment and con-
trol group reveals higher average counts per article from the treatment group in every 
single metric. Regarding most metrics the counts for treatment group articles are on 
average between 2 to 6 times higher than for control group articles. The most extreme 
relative difference is measured for mainstream media mentions, where average values 
among the treatment group are more than 10 times as high as among the control group.

Table 2   Numbers (shares) of articles in both groups that received zero mentions on respective altmetric 
sources

Altmetric source Treatment (n = 715) Control (n = 715)

No Twitter mentions 7 (0.98%) 45 (6.29%)
No Facebook mentions 195 (27.27%) 447 (62.52%)
No Wikipedia mentions 615 (86.01%) 683 (95.52%)
No mainstream media mentions 57 (7.97%) 536 (74.97%)
No blog mentions 208 (29.09%) 566 (79.16%)
No Reddit mentions 555 (77.62%) 645 (90.21%)
No Youtube mentions 635 (88.81%) 704 (98.46%)
No Mendeley readers 1 (0.14%) 38 (5.31%)
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We cannot infer from Table 3 if both groups are to different extents characterized by 
extreme outliers, although high standard deviations in comparison to respective means 
indicate generally wide spreads of individual values. To get a better understanding of 
the data’s distributions, the 5% trimmed mean and median of all indicators per group 
have been calculated, as shown in Table 4.

Using outlier-robust measures overall does not reduce the previously observed 
advantages of treatment group articles substantially. On the contrary, for mentions on 
mainstream media and blogs the relative advantages of the treatment group rise even 
further. The medians of zero for Wikipedia, Reddit and Youtube mentions confirm once 
more what we have already seen in Table 2: for articles from both groups, mentions on 
these platforms are the exception rather than the rule.

Figure 6 depicts the two groups’ distributions explored in Table 3 and Table 4 graph-
ically, as boxplots.

Next, we calculate means, 5% trimmed means, and standard deviations individually 
for the two discipline categories prevalent in our sample, ‘life sciences & biomedicine’ 
and ‘multidisciplinary’, to explore whether articles from the discipline-wise diverse 
journals behave differently from the articles published in more mono-thematic journals. 
Table 5 shows the three measures for articles published in life sciences- and biomed-
icine-journals (n = 594 per group), Table  6 shows the respective measures for articles 
published in multidisciplinary journals (n = 165 per group).

Fig. 5   Spearman rank correlations of sample articles’ metrics (n = 1,430); all correlations are statistically 
significant with p < 0.001
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Table 4   Outlier-robust measures of bibliometric and altmetric indicators across both groups

Indicator 5% trimmed mean Median

Treatment Control Treatment Control

Citations (WoS) 17.74 10.08 12 8
Twitter mentions 61.65 16.02 33 9
Facebook mentions 3.07 0.55 2 0
Wikipedia mentions 0.13 0.00 0 0
Mainstream media mentions 19.20 0.74 9 0
Blog mentions 2.15 0.22 1 0
Reddit mentions 0.20 0.05 0 0
Youtube mentions 0.07 0.00 0 0
Mendeley readers 92.29 59.13 70 47

Fig. 6   Boxplots of the two groups’ metrics
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In both treatment and control group, our sample of articles from multidisciplinary 
journals on average performs better across almost all considered metrics–which, consid-
ering the larger relative share of articles from high impact journals among the group of 
multidisciplinary articles seen in Fig. 4, may not come as too much of a surprise. Higher 
average counts for multidisciplinary articles might to a considerable extent be explained 
by the fact that our small selection of multidisciplinary journals is mostly comprised of 
fairly high-profile journals like Nature or PLoS ONE, while our larger sample of jour-
nals covering life sciences & biomedicine represents a more mixed range. An interesting 
exception are the mainstream media mentions of treatment group articles from life sci-
ences & biomedicine, which are slightly higher than those of the articles with embargo 
e-mail promotion that were published in multidisciplinary journals. This might indicate 
that, regarding coverage in mainstream media, articles from life sciences & biomedi-
cine derive an even larger relative benefit from the treatment of being promoted in an 
embargo e-mail, than the articles from multidisciplinary journals.

Table 5   Descriptive statistics for articles from life sciences & biomedicine-journals

Indicator Mean 5% trimmed mean Standard deviation

Treatment Control Treatment Control Treatment Control

Citations (WoS) 21.36 12.38 16.11 9.21 37.90 23.14
Twitter mentions 104.14 22.87 61.52 15.54 318.82 45.70
Facebook mentions 5.21 0.83 2.85 0.53 19.42 2.31
Wikipedia mentions 0.23 0.05 0.07 0.00 1.03 0.29
Mainstream media mentions 25.98 1.69 19.01 0.47 45.80 7.70
Blog mentions 2.48 0.30 1.86 0.16 4.57 0.78
Reddit mentions 0.28 0.10 0.17 0.04 0.68 0.57
Youtube mentions 0.19 0.02 0.05 0.00 0.97 0.20
Mendeley readers 106.84 67.67 84.47 56.64 157.47 80.68

Table 6   Descriptive statistics for articles from multidisciplinary journals

Indicator Mean 5% trimmed mean Standard deviation

Treatment Control Treatment Control Treatment Control

Citations (WoS) 43.66 22.20 28.67 15.92 90.09 36.78
Twitter mentions 163.93 37.41 84.91 27.56 557.58 61.57
Facebook mentions 7.26 1.31 3.86 0.75 18.46 3.54
Wikipedia mentions 0.71 0.14 0.41 0.05 1.70 0.52
Mainstream media mentions 25.25 5.36 18.72 2.33 43.23 21.83
Blog mentions 5.24 1.16 3.74 0.58 10.20 3.57
Reddit mentions 0.65 0.20 0.39 0.11 1.75 0.58
Youtube mentions 0.42 0.07 0.17 0.00 1.41 0.40
Mendeley readers 219.86 105.62 139.83 80.53 453.82 159.88
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In the next step, we once more calculate means, 5% trimmed means and standard devi-
ations, this time separately for the group of articles published in higher impact journals 
(n = 115; Table 7) and articles published in lower impact journals (n = 581; Table 8).

Table 7   Descriptive statistics for articles from higher impact journals

Indicator Mean 5% trimmed mean Standard deviation

Treatment Control Treatment Control Treatment Control

Citations (WoS) 67.01 32,44 50.80 24.22 112.41 58.54
Twitter mentions 299.98 46.73 183.39 32.85 711.22 85.29
Facebook mentions 17.77 2.15 10.81 1.24 43.42 5.58
Wikipedia mentions 0.50 0.17 0.30 0.09 1.19 0.49
Mainstream media mentions 40.94 8.98 32.83 4.26 62.43 28.12
Blog mentions 5.80 1.48 4.27 0.81 10.42 4.16
Reddit mentions 0.60 0.18 0.42 0.08 1.23 0.63
Youtube mentions 0.68 0.12 0.31 0.01 2.19 0.59
Mendeley readers 297.37 118.57 210.77 87.77 511.15 209.80

Table 8   Descriptive statistics for articles from lower impact journals

Indicator Mean 5% trimmed mean Standard deviation

Treatment Control Treatment Control Treatment Control

Citations (WoS) 18.31 11.24 14.06 9.47 30.75 14.11
Twitter mentions 79.88 19.70 45.25 13.95 286.88 36.25
Facebook mentions 3.47 0.69 2.24 0.45 8.67 1.52
Wikipedia mentions 0.30 0.04 0.10 0.00 1.25 0.28
Mainstream media mentions 22.95 1.31 16.29 0.40 41.20 5.67
Blog mentions 2.52 0.29 1.80 0.15 5.12 0.80
Reddit mentions 0.31 0.12 0.18 0.05 1.00 0.58
Youtube mentions 0.17 0.01 0.05 0.00 0.73 0.12
Mendeley readers 100.12 67.40 79.27 59.17 164.71 67.39

Table 9   Significances and 
effect sizes of mean differences 
between treatment and control 
group, based on all articles in 
the sample. All p-values are 
Bonferroni-adjusted

Indicator U p r

Citations (WoS) 286,952  < 0.001 0.199
Twitter mentions 384,232  < 0.001 0.436
Facebook mentions 372,105  < 0.001 0.415
Wikipedia mentions 280,352  < 0.001 0.167
Mainstream media mentions 453,776  < 0.001 0.695
Blog mentions 395,562  < 0.001 0.518
Reddit mentions 288,520  < 0.001 0.175
Youtube mentions 280,270  < 0.001 0.197
Mendeley readers 321,304  < 0.001 0.222
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Mean values for both treatment and control group articles are across all metrics substan-
tially higher if we only consider articles from higher impact journals, compared to articles 
from the lower impact journals. Also, just like in the previous comparisons, mean values 
are across all metrics higher for treatment than for control groups.

As a last step, Mann–Whitney-U tests are conducted to check for statistical signifi-
cance of the observed mean differences. Effect sizes are reported in form of r values (Fritz 
et  al., 2012) and calculated following the implementation from R-package rcompanion.8 
We start with calculating effect sizes for the treatment and the control group in their 
entirety (Table 9) and then repeat the process for article groups distinguished by discipline 
(Table 10) and impact factor of their journal (Table 11), analogous to our previous steps. 
Table 9 shows the respective U statistics, Bonferroni-adjusted p-values and effect sizes r 
for the differences regarding the entire treatment and control group. 

The observed differences between treatment and control group  in their entireties 
are statistically significant regarding all nine examined metrics  (Table  9). According to 

Table 10   Significances and effect sizes of mean differences between treatment and control group, based on 
publishing journals’ disciplines. All p-values are Bonferroni-adjusted

Indicator Life Sciences & Biomedicine Multidisciplinary

U p r U p r

Citations (WoS) 199,262  < 0.001 0.212 16,262 0.031 0.187
Twitter mentions 263,026  < 0.001 0.426 19,650  < 0.001 0.384
Facebook mentions 253,555  < 0.001 0.400 20,132  < 0.001 0.432
Wikipedia mentions 189,060  < 0.001 0.137 16,092  < 0.001 0.236
Mainstream media mentions 319,713  < 0.001 0.731 22,376  < 0.001 0.567
Blog mentions 273,427  < 0.001 0.528 21,066  < 0.001 0.496
Reddit mentions 198,811  < 0.001 0.181 16,124 0.005 0.214
Youtube mentions 190,684  < 0.001 0.185 15,588 0.001 0.232
Mendeley readers 221,190  < 0.001 0.220 17,337  < 0.001 0.237

Table 11   Significances and effect sizes of mean differences between treatment and control group, based on 
publishing journals’ impact factors. All p-values are Bonferroni-adjusted

Indicator Higher Impact Journals Lower Impact Journals

U p r U p r

Citations (WoS) 8,490.5  < 0.001 0.322 193,312  < 0.001 0.161
Twitter mentions 11,304  < 0.001 0.613 249,472  < 0.001 0.414
Facebook mentions 10,838  < 0.001 0.560 240,629  < 0.001 0.393
Wikipedia mentions 7,456 0.585 0.164 184,373  < 0.001 0.173
Mainstream media mentions 11,044  < 0.001 0.586 304,403  < 0.001 0.728
Blog mentions 10,506  < 0.001 0.525 260,371  < 0.001 0.522
Reddit mentions 7,907 0.013 0.239 189,012  < 0.001 0.166
Youtube mentions 7,754.5 0.008 0.248 182,752  < 0.001 0.190
Mendeley readers 9,491.5  < 0.001 0.377 204,550  < 0.001 0.183

8  https://​www.​rdocu​menta​tion.​org/​packa​ges/​rcomp​anion/​versi​ons/2.​3.​25/​topics/​wilco​xonR.

https://www.rdocumentation.org/packages/rcompanion/versions/2.3.25/topics/wilcoxonR
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guidelines reported by Fritz et  al. (2012), r values of 0.1 indicate a small effect, values 
of 0.3 a medium effect, and values of 0.5 a large effect. Large effects were measured for 
mainstream media mentions and blog mentions, a large to medium effect was measured 
for Twitter mentions and Facebook mentions. Regarding the remaining metrics, measured 
effect sizes were medium to small.

The discipline-specific effect sizes seen in Table  10 suggest that across most indica-
tors, the association between embargo e-mail promotion and an article’s later metrics does 
not differ substantially between the two discipline categories under observation, with most 
differences between respective effect sizes only ranging between 0.02 and 0.05. However, 
one difference stands out particularly in this regard: for articles from life sciences & bio-
medicine, the positive association with mainstream media coverage seems even higher 
(r = 0.731) than for articles from multidisciplinary journals (r = 0.567). This backs up a 
similar observation we made during the comparison of Tables 5, 6.

More evident differences between effect sizes can be seen in Table 11 when compar-
ing articles from higher impact journals to those from lower impact journals. Regarding 
most metrics (citations, Mendeley readers, mentions on Twitter, Facebook, Reddit, and 
Youtube), for articles from higher impact journals being promoted in an embargo e-mail 
is associated with stronger positive effects than for articles from lower impact journals. 
Regarding coverage in mainstream media, however, articles from lower impact journals 
seem to profit even more from the embargo e-mail promotion.

Discussion

We compared the bibliometric and altmetric counts of articles which had been mentioned 
in publishers’ embargo e-mails to journalists (treatment group) with those of articles from 
the same journals and publication months without such mentions (control group). We 
observed statistically significant advantages for treatment group articles across all nine 
examined metrics. Particularly strong effects were measured regarding mentions in main-
stream media and on blogs, followed by Twitter mentions, Facebook mentions, Mendeley 
reader counts, and citations. Still significant small to medium effects were measured for 
mentions on Youtube, Wikipedia, and Reddit, although only small shares of both article 
groups received any mentions on these platforms at all. Our observations when differen-
tiating between articles based on their journals’ disciplines and impact factors suggested 
that the observed effects for the most part do not depend substantially on discipline, while 
across most metrics, articles from higher impact journals do seem to derive even larger 
comparative advantages from embargo e-mail promotion than those published in lower 
impact journals. A remarkable exception to these observations concerns mainstream media 
mentions, where measured effects are stronger for articles from life sciences & biomedical 
and lower impact journals than for multidisciplinary and higher impact journals. A pos-
sible explanation for this might be the fact that articles from higher impact journals tend 
to get a fairly high chance of being represented in mainstream media in any case (see also 
Table 7), regardless of them receiving additional promotion in embargo e-mails. Presum-
ably, many science journalists regularly scan the prominent high impact journals for inter-
esting articles anyway, while articles in lower impact journals might be more reliant on 
specific promotion to catch the attention of a significant number of journalists.
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Multiple possible effects could explain our findings. First, one could assume embargo 
e-mails to evoke a publicity effect, in line with findings by Phillips et al. (1991) and Fanelli 
(2013) for newspaper articles. Our results indicate that articles mentioned in embargo 
e-mails do in fact get significantly more attention on mainstream media and social media 
platforms. Under the assumption of the publicity hypothesis, these findings would imply 
that scholarly publishers do indeed exert substantial influence on which articles (and 
thereby topics) get presence in the mass media, which would be in accordance with sup-
positions by Kiernan (1997). Moreover, the attention-increasing effect of embargo e-mail 
promotion apparently goes beyond the media outlets addressed by the e-mails themselves, 
as is evidenced by promoted articles’ higher counts of scientific citations and Mendeley 
readers. In other words, the attention attracted by embargo e-mails in the public sphere of 
news media seems to also radiate into the scholarly sphere, which is represented by cita-
tions and Mendeley.

The validity of the publicity hypothesis for embargo e-mails would have further impli-
cations with regard to impact metrics as a means of research assessment. The use of cita-
tions as indicators for academic influence is underpinned by the theory that scholarly 
publishing is–at least for the most part–its own system, separate for instance from public 
media. If the publicity hypothesis holds true, it curtails the validity of this assumption. If 
promotional tools such as embargo e-mails could be used to push the metrics for publi-
cations independently from their scientific qualities, this would pose a limitation for the 
usefulness of such indicators. The promotion of selected articles by scholarly publishers 
would constitute a substantial interference with the scientific reward system and would add 
another bias to those already known in the context of citation-based evaluations (Hicks 
et al., 2015; Tahamtan et al., 2016). And unlike in peer review, the scholarly publishers are 
not compelled to apply established criteria of good scholarly practice when selecting which 
articles to promote in embargo e-mails, nor to make their criteria transparent.

However, our approach does not allow us to make definite statements about causali-
ties between events behind different metrics, e.g., whether an article’s mainstream media 
mentions typically motivate a substantial share of its scientific citations, or whether by and 
large its inherent qualities determine both academic and media uptake. Therefore, assum-
ing embargo e-mails to be the decisive entry point into a chain of different media that an 
article then passes through with its publicity increasing along the way is not the only pos-
sible explanation of our findings. Instead, we could also assume a variation of the earmark 
hypothesis (Phillips et al., 1991) to be the determining factor behind our observations. In 
this case it would not be the science journalists, but the scholarly publishers and/or editors 
before them who on their own identify particularly noteworthy articles as being worthy 
to be included in embargo e-mails. And because journalists, researchers, and other read-
ers later independently reach similar conclusions about which articles are noteworthy, the 
same articles that get chosen for embargo e-mails also get referenced more in mainstream 
media, on social media, in other scientific articles, and so on. Surely, although the degree 
of this hypothesis’ validity may be unknown, it is to be expected that the selection of arti-
cles for embargo e-mail promotion does not happen at random but follows a variety of cri-
teria (e.g., newsworthiness, prominence of the authors and institutions involved, scientific 
quality, etc.), some of which might also explain higher expected citations and/or altmetrics. 
To which degrees the promoted articles’ metric advantages can be explained by which of 
the two hypotheses discussed in this article–publicity or earmark–remains an open ques-
tion that will require further research. What this study could show, however, is the exist-
ence and magnitude of the advantage in metrics that embargo e-mail promoted articles can 
be expected to have.
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For the scholarly community and its use of citations (and sometimes altmetrics) as 
indicators of scientific relevance, validity of the earmark hypothesis would surely be less 
problematic than validity of the publicity hypothesis. In any case, metrics’ susceptibility to 
numerous intrinsic and extrinsic factors (Tahamtan et al., 2016) will continue to be an issue 
that needs to be communicated with utmost transparence to their users, especially in light 
of increasing commitments to Open science. Furthermore, the various interests and oppor-
tunities to exert influence of the diverse stakeholders involved in science communication 
should continue to be discussed and made more transparent, as should the relationships 
between authors, publishers, and scientific reputation system.

As existing research on embargo e-mails’ role in the scientific communication system 
is relatively sparse, many different research streams could proceed from our results. One 
important aspect that should be investigated are the aforementioned possible causalities 
between metrics events. For instance, how common is the scenario of researchers first read-
ing about scientific articles in mainstream- or social media, and because of that deciding 
to read (and later cite) the scientific article itself? Or the other way around: which role do 
scientific citations play for science journalists when they choose sources to back up their 
articles?

Furthermore, it should be examined whether mentions in embargo e-mails are merely 
a specific facet of broader promotional activities by the scholarly publishers. Such promo-
tional activities could also have more direct effects on some of the metrics examined in this 
study–it should for instance be researched which role publishers’ postings play regarding 
individual articles’ mentions on social media platforms, like Twitter or Facebook. Exam-
ples for publishers directly engaging in social media postings to promote their own publi-
cations are manifold; see Fig. 7 for two typical examples of promotional tweets by publish-
ers. The strong correlations we witnessed between mainstream media and various social 
media mentions (see Fig.  5) could also be an indicator of coordinated marketing efforts 
spanning multiple channels. Partly these correlations can be explained by the permeability 
and content overlap between respective platforms–many journalistic news articles also get 
tweeted and/or shared on Facebook the moment they are released–while the existence of a 
‘publicity snowball effect’, where certain creators of social media content just copy stories 
that already received coverage on other platforms, might also play into these correlations. 
It remains to be analyzed which share of the total amount of postings mentioning scien-
tific publications publishers account for, whether postings, tweets, and embargo e-mails 
are all parts of purposefully coordinated promotional activities for selected articles, and 

Fig. 7   Publishers ‘ tweets promoting research articles
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which role cross-platform transitions play in the distribution of embargo e-mail promoted 
research.

Another worthwhile subject for further studies would be the comparison of the effects of 
embargo e-mail mentions on metrics to potential similar effects of different forms of exter-
nal science communication, e.g. in press releases. Helpful insights would be provided by 
studying whether the promotion of certain articles leads to “spillover effects” of increased 
attention towards thematically similar articles without explicit promotion. Finally, it would 
be interesting to analyze the long-term temporal developments of the effects of article pro-
motion examined in this study.

Although only indirectly related to our initial research question (and maybe peculiar to 
the sample of embargo e-mails used in this study), we have seen that articles from life sci-
ences and biomedicine seem to dominate publishers’ communication in embargo e-mails. 
Moreover, our observations suggest that articles from life sciences-journals might benefit 
even stronger from being promoted in embargo e-mails than those from multidisciplinary 
journals regarding visibility in mainstream media. We cannot safely generalize this par-
ticular finding to the larger population of scientific articles though, as with regard to the 
journals represented in them, our samples were uneven between the two subject categories. 
This observation does however point towards another interesting area for future research.

Our study comes with some limitations. First, as noted before, we cannot guarantee 
our sample taken from the SMC’s e-mail archive to be representative of the entirety of all 
embargo e-mails sent by scholarly publishers to journalists. Besides, while access to the 
SMC’s e-mail archive allowed us to identify article DOIs that have definitely been men-
tioned in publishers’ embargo e-mails, it is virtually impossible to prove for control group 
articles that they have not been featured in similar forms of external communication, as not 
all such communication is recorded somewhere. Also, multidisciplinary journals consti-
tuted a considerable share of our sample–due to their multidisciplinary nature, the respec-
tive segment of our control group could differ topically from the respective segment of 
the treatment group. In addition, our choice of databases for citations and altmetrics (CCB 
and Altmetric.com) does of course introduce its own limitations–for instance, regarding 
the question what constitutes as a ‘mainstream media platform’, we rely on Altmetric.
com’s list of monitored outlets. For a recent analysis of four major altmetric data provid-
ers’ methodological peculiarities, see Zahedi and Costas (2018). Finally, our restrictive 
way of determining articles’ appearances in embargo e-mails by looking for explicit DOIs 
probably means that our treatment group is not representative of all embargo e-mail activi-
ties performed by scientific publishers in 2016 and 2017–certain publishers might be more 
inclined to state DOIs in their e-mails than others (see also the findings Bowman and Has-
san (2019) made regarding news releases on EurekAlert!). How such potential publisher-
specific strategies of promoting their articles affect impact measurements in different ways 
would be yet another interesting subject for future extensions to this research.

The exploratory case study presented in this article provides first insights on the rela-
tionship between publishers’ embargo e-mails and the attention that research articles 
promoted within them receive. Further research is necessary to explain the causes of the 
observed effects. The difficult accessibility of embargo e-mails will continue to be a major 
challenge for such endeavors.
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