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Introduction

Within the field of scientometrics, which involves quantitative studies of science,
the citation analysis specialism counts citations between academic papers in order
to help evaluate the impact of the cited work (Moed, 2006). The reason for this is
that if the research reported in a publication makes an important contribution to
knowledge it is reasonable to expect it to be cited by other papers that build upon
it (Merton, 1973). While there are many exceptions to this rule, citation analysis in
many different forms is now widely used and many would accept that, if citations

are counted on a large enough scale and with appropriate safeguards for field, time
and other differences, citation-based indicators can give a reasonable approximation I I_l-ﬂ.l

to the average impact of a body of work. The main advantage of using citation
indicators instead of peer review is that peer review is costly and needs a substantial JDIS
investment in time from experts that might well prefer to be researching rather than Journal of Data and
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Citation counts are rarely used on their own but are normally processed in order
to generate more informative indicators. One of the most well-known examples of
an indicator derived from citation counts is the Thomson Reuters Journal Impact
Factor (JIF), which assesses (approximately speaking) the average number of
citations per paper for recent articles published in the journal. Following the logic
above, a journal with a higher JIF seems likely to have published articles that have
made a greater contribution to science than a journal with a lower JIF. There are
many limitations to the previous statement so that it is only very broadly accurate.
One limitation is that citation counts are not comparable between disciplines.
Another limitation is that academic research that has a beneficial impact on society
rather than science might not be cited and so applied research may be undervalued
by citation counts. This issue is tackled to some extent by altmetrics.

Altmetrics

Altmetrics are relatively new but maturing specialism within scientometrics that
is concerned with extracting information from the social Web about the impacts of
academic research. The rationale for altmetrics is that posts in the social Web are
written by the general public and so indicators derived from the social Web may
reflect the value of research to society rather than the value of research to future
scholarship. Altmetrics may therefore be useful as an additional source of impact
evidence when citation counts are used.

The field of altmetrics was created in 2010 (Priem & Hemminger, 2010; Priem,
Taraborelli, Groth, & Neylon, 2010) and has rapidly generated a substantial body
of research (for reviews, see: Kousha & Thelwall, 2015; Thelwall & Kousha, 2015a,
b). The raw data for altmetrics can be automatically extracted on a large scale from
social websites using applications programming interfaces (APIs) and can also be
freely downloaded from some altmetric data providers, such as Altmetric.com. The
extracted data can then be processed to produce indicators that can be used as
evidence of the impact of scholarly work. For example, the social websites Twitter
and Weibo have free APIs that can be used to download recent posts. A researcher
might use these APIs to count how often a set of academic articles have been
tweeted about, and the tweet or Weibo count might then be the altmetric. Other
social websites that could be used for altmetrics include Facebook, Google+, Reddit,
LinkedIn, and Mendeley (Thelwall et al., 2013; Zahedi, Costas, & Wouters, 2014).

In practice, altmetrics is very similar to webometrics, where indicators are derived
from the general Web rather than from the social Web. For example, it is possible
to count how many Web pages cite any given academic article and use this as
evidence of its impact (Vaughan & Shaw, 2003). The data for webometrics are often
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collected with search engine API queries rather than queries for specific websites
(e.g., using Webometric Analyst®). This makes it possible to collect large scale data
from the general Web for webometrics. Indicators derived from the online book site
Google Books are a special case because Google Books has an API that is useful
for collecting data (Kousha & Thelwall, 2015a) even though Google Books not
a social website. Website log data can also give useful and somewhat similar
information (Bollen et al., 2009) but few researchers are able to access the log files
of important scholarly websites for this.

On a small scale, an individual might include altmetrics on their curriculum vitae
(CV) to support a claim about the type of impact that it had gathered (Piwowar &
Priem, 2013). A limitation of this is that social websites are easily spammed and so
altmetrics can never form strong evidence of research impact (Wouters & Costas,
2012). Altmetrics are also used by some academic publishers to display alongside
articles in their digital libraries in order to show visitors which articles have received
the most attention in the social Web (Adie & Roe, 2013).

Data Science

Altmetric data are suitable for data science because they are relatively easy to
gather on a large scale and there are many interesting practical and theoretical
problems that can be investigated with it.

The most promising site for data science altmetrics is Mendeley.com because it
focuses on academic research and so its data do not need to be filtered to extract
academic-related content. Mendeley is a social reference sharing site (Henning &
Reichelt, 2008). It is used by researchers to keep track of articles that they want to
read or have read (Mohammadi, Thelwall, & Kousha, 2016). Mendeley reader
counts have a strong positive correlation with citation counts (Li & Thelwall, 2012),
confirming that they can be analyzed in similar ways to citation counts. Through
the Mendeley API, it is possible to extract the number of people that have registered
an article within the site. Mendeley also reports the country that the users are from
and their academic discipline and status (e.g., researcher or professor). This
additional information can be used for data mining to look for international, temporal
or disciplinary differences. For example, one study showed that articles tended to
be read more often by people from the same country as the authors (Thelwall &
Maflahi, 2015).

Large scale altmetric data can be used to assess the validity of specific altmetrics
(altmetric) by investigating the extent to which the altmetric correlates with citation
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counts (Sud & Thelwall, 2014). Although some correlations of this type have already
been calculated, it is important to calculate more correlations for different sets of
documents in order to get a fuller picture of how the correlations vary between
disciplines and document types as well as over time. In addition, there is also scope
to investigate the challenges facing publishers that are attempting to fully exploit
altmetric indicators, such as creating the most informative types of indicators (see
also: Lin & Fenner, 2013; Liu & Adie, 2013).

The above research directions are focused on developing and validating altmetrics
but there is considerable potential to apply data analytic approaches to investigate
each altmetric indicator in more depth. For example, this may be achieved by
developing methods to distinguish between different types of authors of the social
Web posts used (e.g., Mohammadi et al., 2015). There is even more scope to use
altmetric and other Web indicators to investigate scholarly communication more
generally (Mohammadi & Thelwall, 2014) or the interface between the public and
science (Sugimoto & Thelwall, 2013). For example, which disciplines and types of
paper are most interesting to the public or most valued? What types of comment do
members of the public make about academic research? Are there hidden patterns of
commenting about research that a data mining approach might discover?

Statistical modelling is also relevant to altmetrics data science research (altmetrics
and data science research) because few papers have investigated their distributions
so far. One exception has shown that the discretized lognormal and hooked power
law distributions fit Mendeley reader counts for individual subjects and years, but
neither distribution fits all datasets best (Thelwall & Wilson, in press). It would
therefore be useful to investigate the distributions of additional altmetrics and to
assess whether other distributions might fit the data better.

One data science technique that should be useful for studying altmetrics but has
not been used yet is natural language processing. This is because the context in
which articles are mentioned in the social Web is particularly important and natural
language processing methods can give the most detailed information about this
context. These methods are already used in scientometrics (e.g., Li et al., 2012),
although not on a large scale. Natural language processing could only be used for
altmetrics where a citation is associated with text, as in the case of Twitter and Sina
Weibo, but not when there is no associated text, as in the case of Mendeley.

In summary, altmetrics is a promising research topic for data science because it
has a rich supply of data and challenging problems. Researchers that are able to
gather relevant data and process them on a large scale can expect to make substantial
contributions to scholarship.
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