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Abstract

In this paper the posts accumulation patterns and altmetric post half-life of 13 Altmetric.com data
sources are studied. Created date and issued date from Crossref are compared and aggregated to
serve as the proxy for the first publication date of research outputs, combined with posted on date
recorded by Altmetric.com, altmetric posts accumulation and half-life patterns analyses are
conducted at the day time interval. Altmetric.com data sources vary in posts accumulation
patterns, some altmetric posts accumulated very fast within the first few days after publication,
such as Reddit, Twitter, News, and Facebook. They also hold a short altmetric post half-life in
disseminating newly published research outputs. Syllabi, Policy documents, Wikipedia, Q&A,
and Peer review accrued relatively more slowly, as they are not so concentrated on recent
publications.

Introduction

The accumulation patterns of citations and usage metrics (views, downloads, etc.) were widely
discussed in previous studies. Schldgl, et.al. (2014) reported that citations take several years until
reach its maximum but most downloads accrued in the same publication year. Moed (2005) found
that citations and downloads show different patterns of obsolescence and about 40% of
downloads accumulated within the first 6 months after publication. From the perspective of
altmetrics, Ortega (2018) made a comparison of temporal distribution at the month level among
citations, views, downloads, Mendeley readership, tweets, and blog mentions recorded by PlumX,
and concluded that tweets and blog mentions are the most quickly available metrics. The results
based on PeerJ social referrals data of Wang, Fang, & Guo (2016) suggested that the number of
“visits” to papers from social media (Twitter and Facebook) accumulates very quickly after
publication. However, a large scale quantitative analysis on comparing the posts* accumulation
patterns of different altmetric data sources at the micro-level time interval (day) is still missing.
Our study addresses these issues and aims to answer the following research questions:

1. How are the altmetric posts accumulation patterns of various Altmetric.com data sources?
2. What is the difference of altmetric post half-life among different Altmetric.com data
sources?

Data and Methods
In order to exhibit the accumulation patterns of altmetric posts of different Altmetric.com data
sources at the day time interval, it is necessary to find a precise proxy for the first publication

! posts collectively refer to the altmetric events on different data sources that recorded by Altmetric.com, such as
tweets, blog mentions, policy documents citations, Wikipedia citations, etc.
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date? of research outputs and post date® of altmetric records. As to the first publication date,
Haustein, Bowman & Costas (2015) made a comparison between five kinds of publication dates
that are likely to serve as the proxy for the actual first publication date: online date from the
publishers, Altmetric publication date, Altmetric first seen date, first tweet date from
Altmetric.com as well as WoS indexing date. However, according to their results, none of above
dates represent a good proxy. As they suggested for future work, the first time a DOI was
resolved has the potential of reflecting the first online publication date. In this study “issued date”
and “created date” of DOIs collected from Crossref are combined to be used as the proxy for the
first publication date, while the “posted on date” recorded by Altmetric.com for each altmetric
event are collected to represent the post date of altmetric records.

Crossref dates as the first publication date

Until August 2017 Crossref has created and deposited 68,148,933 DOIs with different date
information about them, Table 1 shows the description and coverage of created date, issued date,
published-print date and published-online date all provided by Crossref, which have great
potential for serving as proxies for the first publication date. However none of them is alone
sufficient for such purpose. First, the coverage of published-print dates and published-online
dates are not complete for all DOIs, especially for published-online date with only 32.46% of all
the DOls having this date recorded. Second, issued date is the integration of published-print date
and published-online date by selecting the earlier one. This combination ensures the full coverage
of issued date, and avoids the situation that old publications have a new online date because only
the earliest one was selected as the issued date. Third, there are temporal issues related with these
dates that are discussed below.

Table 1. Available Crossref publication dates
Date type Description® Number of DOIs Coverage
Date on which the DOI was

Created date fi . 68,148,933 100.00%
irst registered.
Issued date Earliest of published-print g4 1 48 933 100.00%
and published-online.
Published-print date ~ Date On which thework was o 57 9g3 88.44%
published in print.
Published-online date D2t ON Which the work was ;153 914 32.46%

published online.

The temporal distribution of these four dates discussed in Table 1 are shown in Figure 1. Issued
date covers from 1980-01-01 onwards because both published-print date and published-online
date start from that time. Created date begins only from 2002-07-25, while for DOIs before 2002-
07-25 their created dates are later than the actual first official publication date. The pronounced
peak at 2002-07-25 is mainly caused by many research outputs published before that date, but
that were assigned with the created date of 2002-07-25. Considering these patterns, the created
date cannot reliably be used for analytical purposes as the only publication date proxy,

2 Date on which a publication was first formally accessible and available to the scientific community or the public.

® Date on which an altmetric event (e.g. tweets, blog mentions, news mentions) was posted online or published (for
policy documents).

* https://github.com/CrossRef/rest-api-doc/blob/master/api_format.md#partial-date
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particularly when publications before July 2002 are studied. Although the issued date covers a
broader time span, there exists obvious peaks on every first day of a month, especially the first
day of January. This is the result of the combined concentration of print dates (as the print dates
of publications on journals or books) in the first day of a month, together with a large number of
publications that have their online date on the first day of January of each year. In contrast, the
created date is distributed more evenly and reasonably, because in the era of digital publishing,
the first publication date could be any day of a month. Therefore, the date on which DOI was first
registered can be regarded as a good proxy of the first formal appearance of a publication, as
suggested by Haustein, Bowman & Costas (2015), but it is important to keep in mind the
limitation of the creation dates of DOIs before July 2002.

Figure 1. Temporal distribution of (a) created date, (b) issued date, (c) published-print date and (d)
published-online date
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(d) Published-online date

Based on all of the above, we decided to combine both issued date and created date as the best
proxy for the first publication date of DOIs. As to publications with issued date earlier than 2002-
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7-25, their issued date was selected as the proxy for the first publication date. For publications
with issued date from 2002-7-25 onwards, the created date of DOIs was used to serve as the
proxy since it should be relatively close to the actual first publication date of DOls.

Altmetric.com data sources with posted on date

Table 2 presents 13 data sources with posted on date information tracked by Altmetric.com
together with the date when they started their coverage®. Until October 2017, there are 8,157,487
Altmetric IDs (account for 99.90%) have at least one record from these data sources. In order to
match with Crossref publication date through DOls, 6,221,670 of which have DOIs are selected.
However, among these Altmetric IDs with DOIs, there exists 79,761 Altmetric IDs that have
preprint version (i.e. with arXiv IDs). The existence of preprint version makes research outputs
available to social media before they are formally published, which may lead to the altmetric post
date to be earlier than the publication date. Therefore, Altmetric IDs with arXiv IDs are excluded
and the remaining 6,141,909 Altmetric IDs are matched with Crossref publication date. Finally
5,779,191 Altmetric IDs have DOIs recorded by Crossref until August 2017.

Table 2. Altmetric.com data sources with posted on date

Data source Coverage began*
Blogs Oct 2011

News Oct 2011 & Dec 2015
Policy documents Jan 2013

Reddit Oct 2011

Twitter Oct 2011
Facebook Oct 2011
Google+ Oct 2011

Stack Overflow (Q&A) Oct 2011

Faculty of 1000 Prime (F1000) May 2013
Youtube Apr 2013
Post-publication peer reviews Mar 2013
Wikipedia Jan 2015

Open Syllabus (Syllabi) Sept 2016

*Altmetric.com has stopped collecting data from CiteULike, Sina Weibo, LinkedlIn, and Pinterest. Mendeley and
CiteUL ke, two online reference managers, lack proper post date information. Therefore, these data sources have not
been included in this study.

Validity of the publication date calculation: Altmetric.com “first seen date ” as benchmark

As mentioned above, except for the influence of preprint version, the first publication date of a
publication should be expected to be earlier than its altmetric first seen date®, as in theory an
altmetric post cannot mention a publication before it exists. Consequently, the first seen date of
all Altmetric IDs among 13 Altmetric.com data sources were aggregated to serve as the
benchmark to examine whether the first publication date is reliable or not. After comparison,
there are 389,818 papers (6.75%) with altmetric first seen date earlier than the first publication
date. The possible reasons for the existence of these unreliable cases are the following:

5 https://help.altmetric.com/support/solutions/articles/6000136884-when-did-altmetric-start-tracking-attention-to-

each-attention-source-
® Date on which Altmetric.com captures the first event for a paper. Recorded for 99.9% of all the records in
Altmetric.com
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1. Crossref “created date” and “issued date” may contain errors and not always accurately
reflecting the first publication date.

2. Publication dates may be updated by publishers due to different reasons (e.g. publisher
mergers).

These Altmetric IDs with a first seen date before their best publication were excluded. As a result,
all of the altmetric posts about these 5,389,373 Altmetric IDs were analysed in our study.

Results and Discussion

Coverage and temporal distribution of various altmetric posts

For 5,389,373 Altmetric IDs, all of their posts from 13 Altmetric.com data sources were extracted
and analysed. Figure 2 shows the coverage of posts of each data source and the temporal
distribution of altmetric posts among 8 time windows. Twitter posts have the highest coverage of
Altmetric IDs, 71.40% of all Altmetric IDs had been mentioned at least once on Twitter. In
contrast, the other 12 data sources show a much lower coverage. Facebook (19.10%), Policy
documents (11.09%), Wikipedia (9.98%), Blog (9.13%), and News (7.78%) are relatively active
in disseminating research outputs compared to some data sources with very low coverage, such as
Syllabi (0.16%), Q&A (0.27%), and Youtube (0.64%). Data sources with high coverage also
accumulated a large number of total posts. As Altmetric.com started to collect most data sources
from 2011 onwards, we divided the posted on date into 8 periods by year to show the temporal
distribution. The altmetric posts of most data sources distributed from 2011 to 2017 and increased
over time. However, Altmetric.com also hold historic data for some certain data sources, for
example, over half of F1000 posts (52.87%) and Policy documents citations (50.23%) happened
before 2011, Wikipedia (29.09%) and Blog (9.88%) also have substantial shares of posts before
2011. Therefore, in our altmetric posts accumulation pattern analysis, all of the altmetric posts
accrued until data collection date (October 2017) were taken into account without time
restrictions to avoid losing historic information.

Figure 2. Coverage and temporal distribution of 13 kinds of altmetric posts
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Altmetric posts accumulation pattern



The intervals between publication dates and altmetric post dates were calculated for each data
source. Thus we can investigate the altmetric posts accumulation pattern at the day time interval.
Figure 3 shows the different posts accumulation patterns of the 13 data sources within one year
time interval (365 days) after publication. Data sources show evidently different posts
accumulation patterns. Posts to newly published research outputs on some data sources
accumulated really fast, such as Reddit and Twitter, over half of posts of them accrued in the first
month (31 days) after research outputs were published and over 80% of their posts happened
within a year (365 days). Followed by News, Facebook, and Google+, the overall immediacy of
them within the first few days after publication is relatively fast as well. By contrast, posts of
Syllabi, Policy, Wikipedia, Q&A, and Peer review show different accumulation patterns. They
are quite slow, as only about 1.1% of Syllabi posts, 6.1% of Policy documents posts, 12.1% of
Wikipedia posts, 12.3% of Q&A posts, and 14.7% of Peer review posts accumulated within one
year, most posts of these data sources happened more than a year after publication. Among these
data sources, F1000 is unique. In the first month after research outputs were published, the
accumulation of F1000 posts is not very fast, but it speeded up over time, with more than 88.7%
of F1000 posts accrued within the first year.

Figure 3. Altmetric posts accumulation patterns of 13 data sources

1
) F1000
e i Twitter
0.8 s L .
A:———-—-‘p
-
o /./ e Facebook
. e ——
cn #‘-—"
] e
o 0.6 v
e / Blog
= p’
: i = Half-life
E 5 7 —_?ll
= N/ —
= 04 | =47 ¥ i /
= . 4
= ¥ L
3 N
< 03 :.: /‘.'
< / :
A
02 y+—7
3 :. l’_’_]’—-—'—"‘l- Q&A
" TJ' | I m————
... ﬂl l | Policy
.S 1
O ! — SI"u" Sb
0 30 60 20 120 150 180 210 240 270 300 330 360

Interval between publication date and post date (Day)

Altmetric post half-life
To explore the immediacy of Altmetric posts to newly published research outputs, we defined
altmetric post half-life as the number of days after research outputs were published that an



altmetric data source accumulates over half of posts to those publications. The dashed line at
accumulative percentage of 50% in Figure 3 indicates the altmetric post half-life and Table 3 lists
the altmetric post half-life of 13 data sources by ranking. Reddit ranks the first based on its
altmetric post half-life of 9 days, followed by Twitter (15 days), News (36 days), and Facebook
(51 days). These data sources are quite fast in disseminating newly published research outputs,
they demonstrate that speed is one of the most important properties of altmetrics (Wouters &
Costas, 2012; Bornmann, 2014). However, as to Peer review, Q&A, Wikipedia, and Policy
documents, they spent over 2,000 days to accumulate over half of posts, they pay more attention
to publications with older publication time. Especially for Syllabi, which mainly focuses on
books, its altmetric post half-life is very long. These Altmetric.com data sources show
remarkable time delay similar as those of citations (Schloegl & Gorraiz, 2010).

Table 3. Altmetric posts half-life of 13 data sources

Rank Data source Half-life (day)

1 Reddit 9

2 Twitter 15
3 News 36
4 Facebook 51
5 F1000 63
6 Google+ 67
7 Blogs 188
8 Youtube 1,249
9 Peer review 2,053
10 Q&A 2,190
11 Wikipedia 2,216
12 Policy documents 2,254
13 Syllabi 5,669

Preliminary conclusions

In this study issued date and created date of DOIs provided by Crossref were introduced as the
proxy for the first publication date, so that the altmetric posts accumulation pattern analysis could
be advanced to the day level. As a consequence, this study provides insights on how different
Altmetric.com data sources accumulated posts over time after publication. Various Altmetric.com
data sources vary in their post accumulation patterns. Posts of Reddit, Twitter, News, Facebook
accrued really fast within the first few days after research outputs were published, these data
sources also hold short altmetric posts half-life due to their “speed”. While there are also some
Altmetric.com data sources exhibited a quite long altmetric posts half-life, such as Syllabi, Policy
documents, Wikipedia, Q&A, and Peer review. Their posts were not so concentrated on new
publications so that the posts accumulation after publication is slow too. Thus, the property of
speed is not owned by all of Altmetric.com data sources, existing a relevant differentiation
between the fast sources (e.g. Reddit, Twitter, News) and the slow sources (e.g. Syllabi, Policy
documents, Wikipedia), which may also have implications for their analytical uses and
applications.

The main limitation of this study lies in the precision of Crossref “created date” and “issued date”
as proxy for the first publication of research outputs. Although altmetric first seen date was used
as the benchmark to exclude some unreliable data, Crossref cannot be seen as an absolutely
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precise proxy for publication dates. There might still be a small distance between the date on
which DOI was created and research output was actually made publicly available, which could
result in some negative influence on our results. Future research will focus on this issue as well as
on the study of advanced time-based analytics of altmetric data sources.
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